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Abstract
This study aimed to investigate the effects of the basic treatment for heart failure and sequential treatment with rh-brain natriuretic
peptide (rhBNP) alone or the combination of rhBNP and sacubitril/valsartan. Cardiac structure, pulmonary artery pressure,
inflammation and oxidative stress in patients with acute heart failure were evaluated.
Three hundred patients with acute heart failure were included. According to the random number table method, the patients were

divided into 3 groups of 100 patients per group: the standard treatment group (treated with an angiotensin-converting enzyme
inhibitor, b receptor blocker, and corticosteroid antagonist), rhBNP group (basic treatment combined with rhBNP) and sequential
treatment group (basic treatment for heart failure combined with rhBNP followed by sacubitril/valsartan). The changes in NT-probrain
natriuretic peptide (BNP) levels, cardiac troponin T (cTnT) levels, cardiac structure, pulmonary artery pressure, and the levels
inflammatory factors and oxidative stress factors were compared among the 3 groups at 1, 4, 12, and 36weeks after treatment.
The sequential treatment group displayed superior outcomes than the standard treatment group and the rhBNP group in terms of

left atrium diameter, left ventricular end diastolic volume, left ventricular ejection fraction, pulmonary artery pressure, NT-proBNP
levels, and cTnT levels, which respond to damage to the heart structure andmyocardium. This result may be related to the decreased
levels of inflammatory factors and the correction of oxidative stress imbalance.
Sacubitril/valsartan significantly reduce the serum levels of inflammatory factors in patients with acute heart failure while decreasing

the levels of oxidizing factors and increasing the levels of antioxidant factors. These changes may be one of the explanations for the
better cardiac structure and better pulmonary artery pressure observed in the sequential treatment group.

Abbreviations: ARB = angiotensin receptor antagonist, BNP = brain natriuretic peptide, IL-6 = interleukin-6, LVEDV = left
ventricular end-diastolic volume, MDA = serum malondialdehyde, TNF-a = tumor necrosis factor a, XO = xanthine oxidase.

Keywords: heart failure, heart structure, inflammatory factors, oxidative stress, recombinant human brain natriuretic peptide,
sacubitril/valsartan
1. Introduction
Heart failure is a complex clinical syndrome characterized by low
output syndrome and venous congestion syndrome that is caused
by an absolute or relative decrease in cardiac output due to any
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abnormality in either the heart structure or function, resulting in
the impairment of ventricular filling or ejection capacity and a
decrease in cardiac pump function. Thus, the heart is unable to
meet the needs of tissue metabolism in the body, resulting in
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hemorheology alterations. Heart failure is the most serious and
terminal stage of various heart diseases, with a high incidence
rate. Over 1 million people worldwide are diagnosed with heart
failure every year. The 5-year survival rate is only 50%,[1–3] and it
is a serious disease threatening human health.
Acute heart failure refers to the rapid occurrence or

deterioration of heart failure symptoms and signs. Clinically,
acute left heart failure is common but has a high mortality rate.
Acute left heart failure refers to a significant decrease in
myocardial contraction and an increase in cardiac load caused
by acute attacks or aggravated left heart dysfunction, resulting in
a sudden decrease in acute cardiac output, a sudden increase in
pulmonary circulation pressure, and increased peripheral
circulation resistance, resulting in a clinical syndrome of
pulmonary congestion and acute pulmonary congestion, pulmo-
nary edema, and cardiogenic shock accompanied by insufficient
perfusion of tissues and organs.
The mechanism of heart failure is closely related to abnormal

neurohumoral regulatory activities. Excessive activation of the
sympathetic nervous system, the renin-angiotensin-aldosterone
system and endothelin hormones promotes sodium and water
retention and vasoconstriction, increases the heart load, and
induces ventricular remodeling.[4–6] Currently, angiotensin-con-
verting enzyme inhibitor (ACEI)/angiotensin receptor antagonist
(ARB), beta receptor blocker and aldosterone receptor antagonist
constitute the “gold triangle” for the treatment of heart failure.
ACEIs/ARBs and beta receptor blockers effectively reduce patient
mortality.[7,8] However, the therapeutic effect of these drugs is still
limited. In recent years, with the gradual increase in the
understanding of the pathophysiological mechanism of heart
failure, natriuretic peptide has been considered to play an
important role in the occurrence and development of heart failure.
Natriuretic peptides include atrial natriuretic peptide, brain
natriuretic peptide (BNP), and C-type natriuretic peptide. Atrial
natriuretic peptide is mostly synthesized and secreted in the atria,
and its synthesis is mainly promoted by atrial wall stretching
causedby changes in bloodvolumeor cardiac transmural pressure.
BNP is mainly synthesized and secreted in the ventricle, and its
synthesis is mainly promoted by ventricular wall stretching caused
by left ventricular pressure or volume overload.[5] C-type
natriuretic peptide is mainly synthesized by vascular endothelial
cells and may exert protective effects on ventricular remodeling
after myocardial infarction.[9] These peptides are antagonistic
regulatory hormones secreted by the bodywhen cardiac function is
impaired. They maintain heart function and fluid balance through
physiological antagonism and inhibition of renin-angiotensin-
aldosterone system, endocorticoid-1 and sympathetic nervous
system (SNS).However,with the progressive deteriorationof heart
function, the excessive activation of the vascular neurohormonal
system and the sodium-retaining water hormonal system has
caused the circulatory system to exhibit a pathophysiological
disorder. Eventually, it might contribute to the compensatory role
of endogenous natriuretic peptide in cardio protection, leading to
worsening heart failure. At this time, exogenous BNP is used to
compensate for the lack of synthetic release of endogenous human
BNP in thebody,whichquickly improves hemodynamic disorders,
neurohormonal levels, clinical symptoms and signs in patientswith
acute decompensation and reduces patient mortality.[10]

Recombinant human BNP has been shown to be safe in
patients with acute heart failure in VMAC, PROACTION, and
ASCEND-HF studies, which can improve clinical and hemody-
namic parameters but does not improve the prognosis.[11–13]
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Unfortunately, recombinant human BNP has a short half-life in
circulating blood. However, the inhibition of enkephalinase
increases the level of natriuretic peptide, promotes an increase in
cyclic guanylic acid in myocardial cells, produces vasodilation,
promotes urinary sodium excretion and diuretics, reduces
sympathetic tone, inhibits cell proliferation, and reduces
myocardial hypertrophy and cardiorenal protection.[5,14–19] A
new drug target, enkephalinase, was discovered and produces
significant benefits in large-scale clinical trials, becoming a new
bright spot in the field of heart failure treatment. The first
angiotensin receptor enkephalinase dual inhibitor (ARNI) drug
was sacubitril/valsartan. Namely, LCZ696, a mixture of ARB
and AHU377, the precursor substance of enkephalinase inhibitor
(LBQ657), was composed of a 1:1 mixture. This protein mainly
acts on both the natriuretic peptide and renin-angiotensin system
(RAS), which synergistically relax blood vessels, promote urinary
sodium excretion, reduce the heart load, and prevent cardio-
myocyte hypertrophy and fibrosis, allowing LBQ657 and
valsartan to reach steady-state concentrations within 3days.
The PARAMOUNT study[20] shows that sacubitril/valsartan

reduce the left atrial diameter, left atrial volume, and left atrial
volume index in patients with heart failure. In the PARADIGM-
HF study,[21] sacubitril/valsartan significantly reduced symptoms
and improved activity tolerance in patients with chronic HFrEF
heart failure while reducing patients’ sudden death rate, heart
failure and hospitalization risks, all-cause mortality, intensive
care for treatment, and the need for emergency treatment due to
the exacerbation of the emergency. Meanwhile, it always
maintains low levels of cardiac biomarkers (NT-proBNP and
troponin) related to the cardiac load and myocardial injury. The
results of the PROVE-HF study[22] confirmed that sacubitril/
valsartan reverse cardiac remodeling while maintaining low
levels of NT-proBNP. It significantly improved the key indicators
of cardiac remodeling after 6months, and treatment for 12
months will produce a greater benefit. The EVALUATE-HF
study[23] confirmed that sacubitril/valsartan improve the struc-
ture and function of the left ventricle compared with enalapril.
The PIONEER-HF study[24] confirmed that treatment with
sacubitril/valsartan for 8weeks in hemodynamically stable
hospitalized patients with acute decompensated heart failure
(ADHF) may further reduce NT-ProBNP levels and heart failure
rehospitalization rates.
However, at present, very few studies have explored the clinical

efficacy of the sequential recombinant human BNP and sacubitril/
valsartan treatment for acute heart failure and its effect on
oxidative stress and inflammatory factors.

2. Methods

2.1. Patients

This study was approved by the Medical Ethics Committee of
Tianjin Union Medical Center, and all patients were informed
and signed informed consent forms to participate in the
experiment. All experiments were performed according to the
provisions of the Declaration of Helsinki.
1.
 Diagnostic criteria for heart failure and exclusion criteria.
Referring to the 2018 Chinese Heart Failure Diagnosis and
Treatment Guide, the following inclusion criteria were used:
age ≥18years, acute heart failure within 24hours (patients
with acute heart failure clinical grade bedside grade II to IV),
an ejection fraction <40% (except for patients with massive
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mitral regurgitation), plasma B-type natriuretic peptide levels
≥400pg/ml or N-terminal B-type natriuretic peptide levels
≥2000pg/ml. The following exclusion criteria were used:
a. symptomatic hypotension, systolic blood pressure �95mm

Hg;
b. hyperkalemia (blood potassium >5.4mmol/L);
c. severe renal impairment (eGFR <30ml/min/1.73m2);
d. severe liver impairment (Child-Pugh grade C);
e. angioedema or unacceptable side effects when receiving

previous ACEIs or ARBs;
f. severe anemia;
g. women who are pregnant, breastfeeding, or preparing for

pregnancy; and
h. cognitive impairment.
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Grouping. All patients were diagnosed with heart failure from
2.

July 2018-May 2019 in the Department of Cardiology,
Tianjin Union Medical Center and underwent regular
outpatient follow-up. All the patients included in the present
study were diagnosed with heart failure no more than 3years
prior to inclusion, and the ejection fraction was <40%.
Patients were randomly divided into 3 groups: 100 patients
aged 53 to 81years were included in the standard group; 100
patients aged 55 to 77years were included in the rhBNP group;
and 100 patients aged 56 to 78years were included in the
sequential group.

2.2. Intervention methods

The standard group was administered the recommended basic
treatment for heart failure (including ACEIs, b blockers, and
mineralocorticoid antagonists). The rhBNP group was adminis-
tered the basic treatment for heart failure combined with
recombinant human BNP. The sequential group was adminis-
tered the basic treatment for heart failure (excluding ACEI/ARB
drugs) combined with sequential recombinant human BNP and
sacubitril/valsartan treatment. According to the treatment
requirements, patients were administered the basic treatment
for heart failure (including ACEIs, b-blockers, and mineralocor-
ticoid antagonists at specific dosages according to the patient’s
condition), recombinant human BNP through an intravenous
injection of 1.5mg/kg at a rate of 0.0075mg/kg/min for 3
consecutive days, and sacubitril/valsartan (LCZ696) with a dose
of gradually increased from 50mg twice daily to 200mg twice
daily. The dose was doubled every 2weeks until reaching the
maximum tolerated dose or target dose. The target doses of drugs
were as follows: fosinopril sodium 20 to 30mg qd, benazepril
hydrochloride 10 to 20mg qd, valsartan 80 to 160mg bid,
irbesartan 300mg qd, telmisartan 80mg qd, and sacubitril/
valsartan 200mg bid.
le 1

ral information of patients.

Gender Cause o

Male Female Age (y) CHD MI

rd 52 48 67.10±8.15 36 22
48 52 67.59±8.01 38 21

tial 48 52 67.52±7.93 42 20

rial fibrillation, CHD = coronary heart disease, HBP = high blood pressure, MI = myocardial in
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2.3. Observation items and detection methods

The following indicators were tested before and 1, 4, 12, and 36
weeks after drug administration:
1.
f he

HB

27
28
25

farc
Cardiac function assessment. Cardiac ultrasound that mea-
sured the left ventricular ejection fraction, left atrium volume,
left ventricular end-diastolic volume (LVEDV), and pulmo-
nary artery pressure. The numerical value of NT-ProBNP was
calculated.
2.
 Evaluation of relevant indexes of myocardial injury, including
the detection of the cardiac troponin T (cTnT) level.
3.
 Detection of inflammatory factors and oxidative stress
indicators. The basic principle of ELISA is antigen-antibody
binding, and experimental operations were performed in 96-
well plates. The content of the substance to be tested in the
sample was determined by conducting a quantitative analysis
of the amount of colored product by measuring the
absorbance. All ELISA kits were purchased from Wuhan
Genmei Biotechnology Co. Ltd. Tumor necrosis factor alpha
(TNF-a, #JYM0110Hu), interleukin-6 (IL-6, #JYM0140Hu),
serum malondialdehyde (MDA, #JYM0375Hu), xanthine
oxidase (XO, #JYM0488Hu), and glutathione-peroxidase
(#JYM1124Hu) were determined according to the kit
instructions. And the concentration of each factor was then
calculated from a quantitative curve.
4.
 End point event analysis.

Main efficacy endpoint events: first rehospitalization for heart
failure and death from cardiovascular disease.
Secondary endpoints include life-threatening arrhythmia

(ventricular tachycardia (VT) or ventricular fibrillation (VF)),
and decrease of renal function (end-stage renal disease or a
decrease in the eGFR by at least 50%).
Main safety risk endpoint events: severe hypotension, cough,

hyperkalemia, and angioedema.
2.4. Statistical method

SPSS 25 statistical software was used to analyze the data, and the
measurement data are presented as the means ± standard
deviations and were analyzed using a t test. The count data were
analyzed using the x2 test. P< .05 was considered a statistically
significant difference.

3. Results

3.1. General characteristics of the patients

Statistically significantdifferences ingeneral characteristics, including
sex, age, cause of heart failure, and cardiac function classification,
were not observed between the 3 groups (P> .05) (Table 1).
art failure Cardiac function classification

P AF SHD II III IV

9 6 61 25 14
9 4 53 32 15
10 3 60 24 16

tion, SHD = structural heart disease.
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Figure 1. Changes in cardiac structure and the ejection fraction before and after treatment. Compared with the standard treatment group, the rhBNP group
exhibited a significant difference (P< .05). The sequential treatment group exhibited significant differences compared with the standard treatment group
(P< .05). The sequential treatment group presented significant differences compared with the rhBNP group (P< .05). LAD = left atrial diameters, LVEDV = left
ventricular end-diastolic volume, LVEF = left ventricular ejection fraction, rhBNP = recombinant human brain natriuretic peptide.
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3.2. Effect on heart structure

As shown in Figure 1, no statistically significant difference in left
atrial diameters was observed among the 3 groups (P> .05,
P= .47, P= .36, and P= .92). Statistically significant differences
were not observed 1week (P= .52, P= .05, P= .16), 4weeks
(P= .62, P= .82, and P= .50), or 12weeks after treatment
(P= .92, P= .96, and P= .88) among the 3 groups. The difference
was statistically significant at 36weeks after treatment, and
patients the sequential treatment group showed a significant
decrease (P< .05) in the left atrial diameter. However, a
statistically significant difference in the left atrial diameter was
not observed in the patients in the standard treatment group
(P= .01) and the rhBNP group (P= .04).
As shown in Figure 1, the LVEDV was not significantly

different among the 3 groups (P> .05, P= .69, P= .94, and
P= .74). A significant difference was no observed after 1week of
treatment (P= .90, P= .74, P= .85) or after 4weeks of treatment
(P= .99, P= .92, P= .91) among the 3 groups. Compared with the
standard treatment group, the LVEDV of the sequential
treatment group was significantly decreased after 12weeks of
treatment (P< .05, P= .03). At 36weeks after treatment, the
LVEDV of the sequential treatment group was significantly
reduced (P< .05) compared with the standard treatment group
(P= .03) and the rhBNP group (P= .04). As shown in Figure 1,
the changes in left ventricular ejection fraction (LVEF) among the
3 groups before and after treatment showed a similar trend as the
LVEDV. Before treatment and 1week and 12weeks after
treatment, significant differences in LVEF were not observed in
the standard treatment group compared with the rhBNP group
(P= .72, P= .13, P= .14) the sequential treatment group (P= .66,
P= .20, P= .10), and in the rhBNP group compared with the
sequential treatment group (P= .92, P= .85, P= .85). After 12
weeks of treatment, the LVEF of the sequential treatment group
was significantly higher than the standard treatment group
(P= .007) and the rhBNP group (P= .049) (P< .05). Thirty-six
weeks after treatment, the LVEF of the sequential treatment
group continued to increase compared with the standard
treatment group (P= .01) and the rhBNP group (P= .04), and
both increases were statistically significant (P< .05).

3.3. Changes in pulmonary artery pressure

No significant difference in pulmonary artery pressure was
observed among the 3 groups before treatment (41.29±8.056,
4

42.6±9.737, and 42.6±4.278, P= .78, and P= .78, P> .99).
After 1, 4, 12, and 36weeks of treatment, the pulmonary artery
pressure decreased compared with the measurement obtained
prior to treatment (standard treatment group: 5.43±0.976, 5.29
±1.799, and 5±2.16, 5.29±1.799; rhBHP group: 10.4±2.074,
9.4±3.286, 9.8±2.775, and 8.8±2.683; and sequential group:
14±3.082, 15.4±2.881, 14.4±2.191, and 14.4±2.191, respec-
tively), and statistically significant differences were observed
among the 3 groups, as shown in Figure 2. The decrease in
pulmonary artery pressure of the sequential treatment group was
greater than in the rhBNP group and the standard treatment
group (P= .001, P= .02, P= .001, and P= .02). Compared with
the standard treatment group (P=0) and the rhBNP group
(P= .02, P= .001, P= .01, and P= .001), the pulmonary artery
pressure of the sequential treatment group was significantly
decreased, particularly compared with the standard treatment
group, as shown in Figure 2.

3.4. Evaluation of cardiac function and
myocardial injury

NT-proBNP is one of the indicators of cardiac function, and a
significant difference was not observed in this parameter among
the 3 groups before treatment (P> .05, P= .67, P= .95, P= .64).
Compared with the standard treatment group, the NT-proBNP
level decreased significantly in the rhBNP group (P= .01), but this
advantage disappeared over time (P= .14, P= .51, and P= .29).
In the sequential treatment group, NT-proBNP levels decreased
significantly beginning at 1week after treatment and remained at
a low level for 36weeks compared with the standard treatment
group (P=0) and the rhBNP group (P= .001, P=0, P=0, and
P= .002), with a statistically significant difference observed
between groups (P< .05). The results mentioned above are
presented in Figure 2.
cTnT reflects the degree of myocardial damage to a certain

extent, and as shown in Figure 2, a significant difference in cTnT
levels was not observed among the 3 groups before treatment
(P> .05, P= .89, P= .75, and P= .68). The sequential treatment
group showed a decreasing trend in the cTnT level, with lower
levels than the standard treatment groups observed after
treatment (P= .02, P= .04, P= .03, and P= .004; P< .05).
Compared with the rhBNP group, the sequential treatment
group showed significantly lower levels at 12weeks after
treatment (P= .04 and P= .01, P< .05).



Figure 2. Decreased pulmonary arterial pressure and changes in the NT-proBNP and cTnT concentrations before and after treatment. Compared with the
standard treatment group, the rhBNP group presented a significant difference in these parameters (P< .05). The sequential treatment group exhibited
significant differences compared with the standard treatment group (P< .05). The sequential treatment group presented significant differences compared with
the rhBNP group (P< .05). cTnT = cardiac troponin T, NT-proBNP = N-terminal B-type natriuretic peptide, rhBNP = recombinant human brain natriuretic peptide.

Pang et al. Medicine (2021) 100:16 www.md-journal.com
3.5. Changes in inflammatory factors

Tumor necrosis factor (TNF) is a small protein secreted by
macrophages. TNF-a is mainly secreted by mononuclear
phagocytes and macrophages and participates in inflammation
in humans. Using an ELISA to determine the effect of the
treatments on cytokine secretion, we observed a decreasing trend
in the TNF-a levels among the 3 groups after treatment, as shown
in Figure 3. In particular, the decrease detected in the sequential
group after 12weeks of treatment was more obvious than in the
standard treatment group (P= .001) and the rhBNP group
(P= .03), and was statistically significant (P< .05); the afore-
mentioned decrease (P= .003 and P= .04) was still observed in
the sequential group compared with the other 2 groups persisted
until 36weeks after treatment.
Interleukin is a lymphokine that facilitates the interaction

between leukocytes and immune cells, and it a member of the
same cytokine family as a blood cell growth factor. Interleukins
play an important role in transmitting information, activating
and regulating immune cells, mediating T and B cell activation,
proliferation and differentiation, and regulating the inflammato-
ry response. As shown in Figure 3, the IL-6 concentration of the 3
groups were lower after treatment than before treatment, but the
differences among the 3 groups were not significant (P> .05).

3.6. Changes in oxidative stress factors

MDA is currently recognized as a parameter that indicates lipid
peroxidation. XO catalyzes the degradation of xanthine to
produce oxygen free radicals. GSH is a key substance in the
5

cellular defense system, eliminating cell damage caused by
oxygen free radicals. Glutathione-peroxidase deficiency increases
oxidative stress and induces endothelial dysfunction and
structural vascular abnormalities.[25] In the present study, the
MDA concentration in the rhBNP group was significantly lower
than in the standard treatment group at 1 and 4weeks after
treatment (P= .001, P= .04), but the long-term changes were not
statistically significant (P= .01 and P= .18). The MDA concen-
tration in the sequential treatment group showed a significant
decreasing trend compared with the standard treatment group
after 1week of treatment (P< .001, P= .006, P< .001, P< .001).
Meanwhile, its level decreased significantly after the 12th week of
treatment compared with the rhBNP group (P= .004 and
P= .003). In terms of changes in XO concentration, the rhBNP
group exhibited a significant decrease compared with the
standard treatment group at approximately 1week of treatment
(P= .01), but a further reduction was not observed in the
remaining time period. However, the levels detected in the
sequential treatment group at 1week, 4weeks, and 12weeks and
36weeks were significantly lower than in the standard treatment
group (P= .001, P= .001, P= .001, and P= .002, respectively). At
4weeks, 12weeks, and 36weeks after treatment, a significantly
lower level of XOwas observed than in the rhBNP group (P= .02,
P= .04, and P= .03, respectively). The concentration of GSH-PX
in patients with heart failure was higher after treatment than
before treatment, and the rhBNP group displayed a significantly
higher concentration than the standard treatment group at 1
week of treatment (P= .01). A significantly higher GSH-PX
concentration was detected in the sequential treatment group

http://www.md-journal.com


Figure 3. Changes in the concentrations of inflammatory factors and oxidative stress-related factors. Compared with the standard treatment group, the rhBNP
group exhibited significant differences in these parameters (P< .05). The sequential treatment group displayed significant differences compared with the
standard treatment group (P< .05). The sequential treatment group presented significant differences compared with the rhBNP group (P< .05). GSH-PX =
glutathione-peroxidase, IL-6 = interleukin-6, MDA = serum malondialdehyde, rhBNP = recombinant human brain natriuretic peptide, TNF-a = tumor necrosis
factor a, XO = xanthine oxidase.
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than in the standard treatment group at 1week, 4weeks, 12
weeks, and 36weeks of treatment (P= .002, P= .002, P= .004,
and P= .004, respectively). The increase was more obvious after
4weeks compared with the rhBNP group (P= .02, P= .01, and
P= .01).
3.7. End-point events

One case of cardiovascular death each occurred in the standard
treatment group and the rhBNP group in the course of the study,
and 1 case of rehospitalization due to acute coronary syndrome
occurred in the sequential treatment group. No worsening of
renal function or new atrial fibrillation was reported.
3.8. Adverse reactions

All subjects tolerated recombinant human BNP and sacubitril/
valsartan well, no adverse reactions related to the drug appeared,
and the patients insisted on completing the whole course of
medication.
4. Discussion

The mechanism underlying the development of heart failure is
cardiac remodeling. During this process, the morphology and
structure of cardiomyocytes and even the interstitial structure
have changed. Cardiomyocyte hypertrophy is accompanied by an
increase in the ratio of length to width. The wall contraction
movement is not coordinated, the blood in the ventricle is not
effectively emptied, and the pressure load is increased, which
eventually causes the entire left ventricle to expand and the
structural shape of the ventricle to change. Cardiac remodeling
occurs throughout the development of heart failure and is also
one of the main factors that determine cardiac function and
patient prognosis. A significant positive correlation with the risk
of death or hospitalization for heart failure has been observed.[26]
6

As shown in the present study, treated patients with heart
failure exhibited an improved left atrial anterior-posterior
diameter, LVEDV, and left ventricular ejection fraction. The
sequential treatment group showed obvious advantages after 12
weeks of treatment. In terms of the improvement in pulmonary
arterial pressure, the rhBNP group displayed a larger decrease
than the standard treatment group, and the sequential treatment
group showed a more obvious decreasing trend than the other 2
groups. According to the indicators of cardiac function and
myocardial damage, such as NT-proBNP and cTnT, sequential
treatment is suggested to be superior to rhBNP and standard
treatment, particularly regarding the long-term effects. In
summary, sequential treatment significantly improves patients’
left ventricular structure and even reverse ventricular remodeling,
significantly reduce NT-proBNP and cTnT levels, and even
reduce pulmonary artery pressure, showing obvious advantages.
When heart failure occurs, cardiomyocytes exhibit reduced

energy production and utilization, and myocardial tissues of the
failed heart are characterized by energy starvation. The levels of
oxygen free radicals increase during heart failure, and oxygen free
radical scavenging ability decreases. Free radicals should not be
ignored in the process of myocardial remodeling and heart failure.
Oxygen free radicals can induce mitochondrial swelling, particle
formation, and even disintegration, disrupting cardiomyocyte
energy production. Oxygen free radicals also cause myocardial
excitation-contraction coupling disorders. Oxygen free radicals
damage the structures responsible for myocardial mechanical
work and the energy metabolism process required for myocardial
cell activity, thereby reducing myocardial compliance, myocardial
contraction and diastolic dysfunction and ultimately leading to the
occurrence and development of heart failure.[27] A significant
positive correlation was observed betweenNT-proBNP andMDA
in heart failure patients.[28] XO inhibitor, has been shown to
improve cardiovascular outcomes inpatientswithheart failure and
coronary heart disease.[29] In the present study, higher concen-
trations of MDA and XO were detected in the serum of patients
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with heart failure before treatment, and the concentration
measured after treatment was significantly lower than the value
detected before treatment. A significant increase in the efficacy of
the rhBNP treatment was observed after 1week and the efficacy of
the sequential treatment was also significantly increased at 1week
of treatment and persisted to 36weeks of treatment. GSHhas been
shown to confer protection in a model of heart damage termed
ischemia-reperfusion injury.[30] A low concentration of GSH was
detected in patients with heart failure, and the concentration
measured after treatment was significantly higher than the level
detected before treatment. The increases in the rhBNP group and
the sequential treatment group were more obvious, and the GSH
concentration in the sequential treatment groupwasmaintained at
a high level. Oxidative stress may drive the development of heart
disease through damaging cellular components such as proteins,
DNA, and lipids. The stretching of myocytes and cardiac
fibroblasts is increased by ROS production. Based on these results,
rhBNP and sacubitril/valsartan quickly adjust the imbalance of
oxidative stress/antioxidants in patients with heart failure, and the
sequential treatment allows the effect on improving cardiac
function to persist. Heart failure may lead to the abnormal
expression of various inflammatory cytokines in patients, which
plays an important role in the pathological development of heart
failure. In patients with acute heart failure, inflammation often
occurs in the early stage of onset. When myocardial cells are
damaged, their necrosis, remodeling, and oxidative reactions will
aggravate the condition of patients with acute heart failure.
Oxidative stress may drive the development of heart disease
throughdamaging the cellular components such as proteins,DNA,
and lipids.[31] The stretching of myocytes and cardiac fibroblasts
canbe increasedbyROSproduction.[32]Other study found that IL-
6 could be a potential therapeutic target in specific heart failure
subpopulations.[33] IL-6 is a lymphokine that targets T cells and
fibroblasts, and its expression level is one of themore sensitive signs
of the inflammatory response in the body.TNF-a is one of themost
common proinflammatory factors secreted by monocytes, mast
cells, macrophages, and other cells. It participates in disease
progression by damaging the vascular endothelium, reducing
myocardial contractility, and promotingmyocardial cell apoptosis
and ventricular remodeling. Blood TNF-a levels are increased in
patients with many diseases, such as inflammatory myocarditis,
acute myocardial infarction, unstable angina, and other types of
heart injury. It is consideredoneof the protective responses toheart
disease.[34] As shown in the present study, the levels of TNF-a and
IL-6 were significantly reduced after treatment, and the sequential
treatment group showed significantly reduced TNF-a levels. The
reduction in TNF-a and IL-6 indicates that the inflammatory
response of myocardial cells is reduced, and further myocardial
damage is ameliorated.Thus, a correlation likely exists between the
reductions in TNF-a and IL-6 levels and the preservation of
myocardial function.
The present study has some limitations. First, the number of

patients we included was not large and patients were not
recruited from multiple centers. More patients must be included
in subsequent studies. Second, novel signaling pathways have to
be discovered and verified in future studies.
5. Conclusions

Sacubitril/valsartan significantly reduce the serum levels of
inflammatory factors such as TNF-a in patients with acute heart
failure while decreasing the levels of oxidizing factors such as
7

MDA and XO and increasing the levels of antioxidants such as
GSH-PX. These changes may explain why the sequential
treatment group exhibited a better cardiac structure and better
pulmonary artery pressure.
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