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Abstract: To observe the effects and safety of Sacubitril/Valsartan (SV) on heart function and blood pressure in
maintenance hemodialysis (MHD) patients with chronic heart failure (CHF). The clinical data and biochemical pa-
rameters of MHD patients were retrospectively analyzed. These MHD patients, who were collected from January
2020 to June 2021 in the Blood Purification Center of the First Affiliated Hospital of Chongging Medical University,
received SV treatment to control heart failure (HF). Altogether 54 MHD patients complicated with CHF who received
SV treatment were selected for this self-controlled study. The changes of serum biochemical indexes, left antero-
posterior atrial diameter (LAD), left ventricular end diastolic diameter (LVID), left ventricular ejection fraction (LVEF),
right atrial transverse diameter (RAD), right anteroposterior ventricular diameter (RVD), blood pressure and antihy-
pertensive drug dosage before and after treatment were assessed. The adverse reactions such as hyperkalemia,
hypotension before dialysis, angina pectoris, myocardial infarction, cerebral infarction, cerebral hemorrhage and
hospitalization due to HF were recorded before and after treatment. After treatment, LAD and LVID, incidence of
angina pectoris, duration of hospitalization for HF, systolic blood pressure and diastolic blood pressure before dialy-
sis, and the calibration value of antihypertensive drugs were all reduced, while LVEF was increased. The incidence
of hyperkalemia (serum potassium >5.5 mmol/L) also increased after treatment compared with before treatment
(P<0.05). The incidence of hypotension, angina pectoris, myocardial infarction, cerebral infarction and cerebral
hemorrhage during treatment was similar to that before treatment (P>0.05). SV can effectively improve left atrial
and left ventricular remodeling in MHD patients with CHF, improve LVEF, reduce the incidence of angina pectoris
and duration of hospitalization due to HF in MHD patients, which is conducive to the control of blood pressure in
MHD patients with hypertension. The incidence of hyperkalemia increased during SV treatment. SV did not increase
the incidence of hypotension, myocardial infarction, cerebral infarction, cerebral hemorrhage and other events in
MHD patients.
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Introduction death, more than 50% cases die from cardio-
vascular disease [4, 5], which is the leading
cause of death in dialysis patients. Heart fail-
ure (HF) is one of the most common complica-

tions in dialysis patients. Studies have shown

With the improvement of economy, there are
more and more patients who suffer from ch-
ronic kidney disease (CKD) and maintenance

hemodialysis (MHD) in China. According to the
data of China Blood Purification Case Regis-
tration System, the number of MHD patients
reached 633,000 in 2019 [1].

There are many factors affecting the prognosis
of MHD patients, among which cardiovascular
diseases and events are the biggest threats [2,
3]. Among MHD patients with known causes of

that the proportion of MHD patients with HF
in China is as high as 45.45% [6, 7], and its
5-year survival rate is only 12.5%. How to
improve the prognosis and survival rate of
these patients is a challenging task.

Recently, research has confirmed that Sacu-
bitril/Valsartan (SV) can effectively reduce the
mortality and hospitalization rate of patients
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with chronic heart failure (CHF) combined with
reduced ejection fraction, and its effect is
superior to angiotensin converting enzyme in-
hibitor (ACEI) [8]. It is one of the most promis-
ing drugs in CHF treatment [9, 10]. However,
there are insufficient clinical data on the effi-
cacy and safety of this drug in MHD patients
complicated with CHF. The purpose of this re-
search is to observe SV’s effect on the cardiac
structure and function of MHD patients compli-
cated with CHF, and to investigate its safety in
MHD patients, hoping to provide reference for
improving their prognosis and quality of life.

Data and methods
Objects of study

This research is a self-controlled study. Al-
together 54 MHD patients complicated with
chronic heart failure who had received SV
treatment from January 2020 to June 2021
were selected in the Blood Purification Center
of the First Affiliated Hospital of Chongging
Medical University and analyzed retrospective-
ly. Ethical batch number: LL2020 (Review) A54
(Nuclear) 012.

Inclusion criteria

1) Patients with the end-stage renal disease
who received maintenance hemodialysis for at
least 3 months; 2) Those who met the CHF
diagnostic criteria in Chinese Guidelines for the
diagnosis and treatment of heart Failure 2018
[11]; 3) LVEF<55% before treatment; 4) Before
dialysis, systolic blood pressure >100 mmHg
and diastolic blood pressure >60 mmHg.

Exclusion criteria

1) Patients with insufficient data that affected
the results; 2) Patients combined with malig-
nancy, congenital heart disease, tuberculosis,
HIV and cardiac resynchronization treatment;
3) Serum potassium >6.5 mmol/L within 3
months before treatment.

All patients received regular hemodialysis (3
times/week, 4 h/time) with control of blood
pressure. All patients were treated with one or
more of the antihypertensive drugs such as
CCB/ACEI/ARB/B-blocker/a-blocker to control
their blood pressure before treatment. At the
beginning of SV treatment, the original antihy-
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pertensive drugs were directly switched to SV,
or the ACEI/ARB drugs in the original antihyper-
tensive regimens were switched to SV, or SV
was added to the original antihypertensive re-
gimens to control blood pressure. If the early
morning systolic blood pressure <100 mmHg
or diastolic blood pressure <60 mmHg lasted
for more than 2 days, the antihypertensive
drugs except SV should be reduced until the
drug was stopped, and then the amount of SV
should be reduced. Moreover, improvement of
renal anemia (iron, recombinant human eryth-
ropoietin), regulation of calcium and phospho-
rus metabolism and other treatments should
be conducted. The used SV tablets were from
Beijing Novartis Pharmaceutical Co., LTD.,
national medicine standard J20190002, titrat-
ed dose 50-200 mg, orally, twice a day. All
patients were treated for 6 months.

Research methods

Follow-up visit

All patients were followed up by outpatient and
telephone once every month for an average of
6 months.

General clinical data, biochemical parameters
and cardiac ultrasound data collection before
and after SV treatment

General clinical data: The following data were
collected: Age, gender, BMI, dialysis age, dry
weight, urea clearance rate, primary disease
composition, NYHA cardiac function grading,
pre-dialysis systolic blood pressure (SBP), pre-
dialysis diastolic blood pressure (DBP), and
medication (The dosage of antihypertensive
drugs was measured by the ratio of the actual
dosage to the defined daily dose (DDD) of
patients. When the same patient received mul-
tiple antihypertensive drugs, the calibrated
dose is the sum of the ratio of the actual dose
of each drug and DDD of the drug).

Biochemical criteria: Hemoglobin, blood calci-
um, blood phosphorus, iPTH, blood creatinine,
urea nitrogen and blood potassium were
examined monthly before and during SV treat-
ment, and blood samples were taken from
hemodialysis pipeline before dialysis. The bio-
chemical indexes of hemoglobin were tested
by automatic blood routine tester (China,
Shenzhen, Mindray, BC-5600) and automatic
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Table 1. General clinical data of patients before treat-

ment (n=54)
Age 50.9+14.6
Gender (male/female) 29/25
Dialysis age (months) 32.81+20.42
BMI (Kg/m?) 22.81+2.89
Dry Weight(DW) (Kg) 61.35+14.38
KT/V 1.28+0.14
Primary Component n (%)

Chronic Glomerulonephritis (CGQ) 32 (59.2)

Diabetic Nephropathy (DN) 6(11.1)

Hypertensive Nephropathy 9 (16.7)

Other 7 (13.0)
NYHA Heart Function Classification (%)

| 0(0)

Il 13 (24.0)

I 34 (63.0)

% 7 (13.0)
Systolic pressure before dialysis (mmHg) 151+19
Diastolic pressure before dialysis (mmHg) 90+21
Drug Usage

Metoprolol, n (%) 51 (94.4)

Ivabradine, n (%) 0 (0)

Digitalis, n (%) 13 (24.1)

Nitrates, n (%) 28 (51.9)
SV maintenance dose, n (%)

50 mg, twice/d 8 (14.8)

100 mg, twice/d 41 (75.9)

200 mg, twice/d 5(9.3)

rhage, and hospitalization due to heart
failure.

Hyperkalemia was defined as blood po-
tassium exceeding 5.5 mmol/L and the
hyperkalemia of the same patient before
and after a single dialysis was limited to
one person time; Predialysis hypotension
was defined as a mean SBP<90 mmHg or
a mean DBP<60 mmHg over two sessions
before dialysis; Angina pectoris was limit-
ed to symptoms such as chest area tight-
ness, crushing feeling, and chest pain,
which could be relieved within 10 min or
relieved within 10 min after nitroglycerin
and Suxiaojiuxin pills were taken under
the tongue; Myocardial infarction was
defined as acute myocardial infarction
with obvious abnormality of electrocardio-
gram and myocardial enzyme spectrum;
Cerebral infarction and cerebral hemor-
rhage were defined as newly emerging
limb movement disorders and the new
onset was clearly diagnosed by cranial
imaging examination; The occurrence of
the same adverse reaction in the same
patient and day was limited to one person
at a time.

Statistical methods

SPSS 22.0 [12] statistical software was

biochemical analyzer (Japan, Tokyo, Hitachi,
5800). All steps are strictly operated in accor-
dance with the kits and instrument instruc-
tions.

Cardiac ultrasound data: Echocardiographic
measurements of patients before and after SV
treatment were collected, including left antero-
posterior atrial diameter (LAD), left ventricular
end diastolic diameter (LVID), left ventricular
ejection fraction (LVEF), right atrial transverse
diameter (RAD), and right anteroposterior ven-
tricular diameter (RVD). It was determined by
color Doppler echocardiography (Amsterdam,
Netherlands, EPIQ-5).

Adverse reactions record during SV treatment

Adverse reactions during treatment were re-
corded, including hyperkalemia, hypotension
before dialysis, angina pectoris, myocardial
infarction, cerebral infarction, cerebral hemor-
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conducted to analyze the data, and

Graphpad [13] PRISM 6.0 was employed
to plot the data. The measurement data were
expressed as (X#s). For the comparison of
mean values before and after treatment, pair-
ed sample T-test was used if the difference fol-
lowed normal distribution; Wilcoxon signed
rank test of paired sample was used if the dif-
ference did not follow normal distribution. P<
0.05 was considered statistically remarkable.

Results
Baseline clinical data

A total of 54 patients were enrolled in this
research, including 29 males and 25 females,
with an average age of 50.9+14.6 years old,
dialysis age of 35.81+24.42 months. KT/V was
1.28+0.14, SV titrated dose was 50-200 mg,
twice a day, and SV dose was adjusted up and
down according to patients’ blood pressure and
blood potassium (Table 1).
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Serum biochemical indices before and after
SV treatment

All patients were followed up once a month on
average for hemoglobin, blood calcium, blood
phosphorus, iPTH, pre-dialysis serum creati-
nine, pre-dialysis urea nitrogen, albumin and
blood potassium, blood samples were taken
through hemodialysis pipeline before dialysis.
It manifested that there was no marked differ-
ence in total serum potassium level between
before and after SV treatment (P>0.05; Figure
1), but the incidence of hyperkalemia decreas-
ed after SV treatment (P<0.05; Table 2). There
were no significant differences in hemoglobin,
serum calcium, serum phosphorus, iPTH, pre-
dialysis serum creatinine, pre-dialysis urea
nitrogen and albumin before and after treat-
ment (P>0.05; Figure 1).

Comparison of cardiac color doppler ultraso-
nography before and after SV treatment

By cardiac ultrasound examination, the mea-
sured values of LAD and LVID after treatment
were lower than those before treatment, and
LVEF was higher than those before treatment
(P<0.001). The difference was statistically
marked, but RAD and RVD had no statistical
difference before and after treatment (P>0.05;
Figure 2).

Comparison of systolic and diastolic blood
pressure before and after SV treatment

After 6 months of SV treatment, patients’ SBP
and DBP before dialysis decreased compared
with that before treatment (P<0.001; Figure 3),
and the dosage or type of antihypertensive
drugs decreased compared with that before
treatment (P<0.05; Figure 4).

Adverse reactions during SV treatment

In this research, 54 patients with hyperkale-
mia, hypotension before dialysis, angina pecto-
ris, myocardial infarction, cerebral infarction,
cerebral hemorrhage and HF were followed up
within 6 months before SV treatment. Mean-
while, the incidence of these same adverse
reactions was recorded during the 6-month
period of SV treatment for all patients. After
treatment, the incidence of hyperkalemia (se-
rum potassium >5.5 mmol/L), angina pectoris
and hospitalization due to HF were all lower
than those before treatment. There was no
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marked difference in the incidence of hypoten-
sion, myocardial infarction, cerebral infarction
and cerebral hemorrhage before and after dial-
ysis ( P>0.05; Table 2).

Discussion

Maintenance hemodialysis patients are prone
to ventricular remodeling and reduced myocar-
dial contractility due to uremic toxin, renal
hypertension, activation of RAAS system, nutri-
ent intake, synthesis deficiency, etc [14]. As
one of the most common complications in
patients with end-stage renal disease, HF is
a serious threat to patients’ life safety and
affects their quality of life [15]. Cardiovascular
and cerebrovascular events are the main
causes of death in MHD patients [16]. How
to improve patients’ prognosis is a persistent
concern of hemodialysis doctors.

SV is a eutectic of angiotensin receptor antago-
nist and enkephalin inhibitor [17]. By inhibiting
enkephalinase, it increases the levels of natri-
uretic peptide hormones such as ANP, BNP and
CNP, and inhibits the activation of RAAS sys-
tem, which plays a dual role in inhibiting sympa-
thetic activity, reducing aldosterone secretion,
relaxing blood vessels Anti myocardial hyper-
trophy and anti myocardial fibrosis [18]. Many
clinical studies have confirmed that SV could
effectively reduce cardiovascular mortality and
hospitalization rate due to HF in CHF patients
[19], and could improve ventricular remodeling
and enhance LVEF. It has recently been report-
ed that SV has a good effect on lowering blood
pressure and has a significant effect on refrac-
tory hypertension such as renal hypertension
[20]. However, there are few clinical data of SV
for MHD complicated with CHF and hyperten-
sion. It's therefore urgent to verify the efficacy
and safety of SV in dialysis patients.

This study retrospectively analyzed the clinical
data of MHD patients complicated with CHF
who received SV treatment in the blood purifi-
cation center of our hospital. The results
showed that there were no significant differ-
ences in serum calcium, phosphorus, iPTH,
hemoglobin, pre-dialysis creatinine, pre-dialy-
sis urea nitrogen, albumin and other indexes in
all patients before and after treatment. In 6
patients, urine volume increased after treat-
ment, ultrafiltration volume decreased, pre-
dialysis urea nitrogen and creatinine levels
decreased before dialysis. It might be related
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Figure 1. Comparison of laboratory biochemical indices before and after SV treatment. A. Changes of Calcium (mmol/L) before and after treatment; B. Changes
of Phosphorus (mmol/L) before and after treatment; C. Changes of iPTH (pg/dl) before and after treatment; D. Changes of potassium (mmol/L) before and after
treatment; E. Changes of Pre-dialysis creatinine (umol/L) before and after treatment; F. Changes of Pre-dialysis urea nitrogen (mg/L) before and after treatment; G.
Changes of Albumin (g/L) before and after treatment; H. Changes of Hb (g/L) before and after treatment.
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Table 2. Comparison of adverse reactions

Grou Hyperkalemia Hvootension Angina Miocardial Cerebral Cerebral Hospitalization
P yp yp g infarction infarction hemorrhage for HF
Before treatment 6 5 12 5 4 2 2
After treatment 15 6 4 3 2 1 10
x° value 4.788 0.101 4.696 0.540 0.706 0.343 6.000
P value 0.029 0.750 0.030 0.462 0.401 0.558 0.014
A p <0.001 B p <0.001 C p <0.001
501 801 60+
e —
- 40+
40+
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104 204
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A. Changes of LAD before and after
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104 es of LVEF before and after treat-
0 . . o . . ment; D. Changes of RAD before and
° ° after treatment; E. Changes of RVD
o R o R
£ o 2 & before and after treatment.
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RAD RVD
to the fact that SV increases the levels of ANP improved after treatment. LVEF of 15 patients
and BNP, inhibits RAAS, increases renal blood gradually increased after conversion from

flow and glomerular filtration rate, and thus
plays a diuretic role.

Compared with the values of 54 patients be-
fore and after SV treatment, we found that LAD
and LVID of patients decreased after treat-
ment, while LVEF increased after treatment,
the differences were statistically significant.
After treatment, the symptoms of HF and activ-
ity tolerance of patients were improved, sug-
gesting that SV could improve left atrial and
left ventricular remodeling and enhance LVEF
in MHD patients with CHF. This result is consis-
tent with the conclusion of Lee et al. [21], and
is the few clinical data confirming SV efficacy.
Among patients selected in this research, 18
patients had LVEF above 50% before treat-
ment, but the LVEF of these patients was still
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ACEI/ARB to SV treatment three months later.
These results suggested that SV could still
improve ventricular remodeling and enhance
LVEF in MHD patients with retained ejection
fraction and CHF, and is superior to ACEIl/
ARB in improving ventricular remodeling and
enhancing LVEF. We consider that this is rele-
vant to the inhibition of enkephalin and the
increase of natriuretic peptide levels by sacur-
butri in drug structure. The increased levels of
ANP, BNP and CNP play a great role in anti-
myocardial hypertrophy, anti-fibrosis, sympa-
thetic nerve inhibition, vasodilation, etc. In ad-
dition, SV combined with equal molar quanti-
ties of valsartan further inhibits RAAS activa-
tion. Both mechanisms are related to the rever-
sal of ventricular remodeling.

Am J Transl Res 2022;14(5):3439-3447
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p <0.001 drugs decreased, indicating

the antihypertensive effect of
SV, which may add new
options for the treatment of
“refractory hypertension”.

Our study also recorded the
occurrence of related adver-
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Figure 3. SBP, DBP changes before and aftertreatment. A. Changes of SBP
before and after treatment; B. Changes of DBP before and after treatment.
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Figure 4. Change of antihypertensive drug dose be-
fore and after treatment.

Hypertension is very common in MHD patients
[22], and many patients have “refractory hyper-
tension” whose blood pressure still cannot be
controlled at the target level after combined
application of 3 or more antihypertensive drugs
[23]. British HARP-III study manifested that SV
could reduce blood pressure in CKD patients by
an average of 5.4 mmHg (95% CI-7.4~-3.4) in
SBP and 2.1 mmHg (95% CI-3.3~-1.0) in DBP
[24]. Our study also observed that the SBP and
DBP of patients before dialysis decreased after
SV treatment compared with those before
treatment, and the dose or type of oral antihy-
pertensive drugs decreased, with statistically
marked differences. It is suggested that SV can
effectively reduce the blood pressure of MHD
patients with hypertension, which is consid-
ered to be related to the dual antihypertensive
effect of SV. Some hypertensive patients who
received SV therapy also received other antihy-
pertensive drugs. After SV treatment, the cali-
bration value of other oral antihypertensive
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within 6 months before and
during SV treatment. It was
found that the number of
patients with hyperkalemia
increased after treatment,
while the number of those with angina pectoris
and hospitalization for HF decreased after
treatment, with statistically significant differ-
ences. Although the serum potassium of MHD
patients is affected by dialysis, diet, drugs, etc,
there is a large fluctuation. However, the differ-
ence in the incidence of hyperkalemia before
and after treatment should be noted. We con-
sidered that the increase in hyperkalemia was
mainly related to the dual antagonistic effect of
natriuretic peptide and RAAS inhibitor against
aldosterone. This was also confirmed by the
observation that hyperkalemia after treatment
mainly occurred in MHD patients with urine.
After treatment, the number of angina pectoris
and hospitalization for HF decreased, which
was mainly related to the effects of SV on ath-
erosclerosis, cardiac remodeling and LVEF en-
hancement. Symptomatic hypotension, myo-
cardial infarction, cerebral infarction, cerebral
hemorrhage and other events associated with
SV were not observed, and there was no statis-
tical difference before and after treatment.

Nevertheless, the present study still has some
limitations. First, this was a retrospective stu-
dy, but our sample size was inadequate.
Second, our patients with MHD and CHF were
treated only with the SV regimen, which pre-
vented us from collecting additional samples.
Third, our follow-up time is relatively short,
whether there is a long-term effect of SV regi-
men on patients needs further study. Hence,
we hope to conduct a randomized controlled
study to continuously improve our conclusions.

Conclusion

In conclusion, SV could improve left atrial and
left ventricular remodeling in MHD patients
with CHF, enhance LVEF, improve cardiac func-
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tion, and reduce the incidence of angina pecto-
ris and hospitalization for HF. In MHD patients
combined with hypertension, it could effective-
ly control blood pressure, and does not incre-
ase the occurrence of myocardial infarction,
cerebral infarction, cerebral hemorrhage and
other events in patients. Because SV has the
dual antagonistic effect on aldosterone, atten-
tion should be paid to the prevention of hyper-
kalemia in MHD patients with urine. This is an
observational study in the real world with a
small sample size, and its results need to be
further confirmed by more rigorous studies. In
the near future, RCT studies should be de-
signed to further explore the SV effects on the
heart, blood pressure and blood vessels in
MHD patients.
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