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Abstract: Objective: To evaluate the therapeutic effect of sacubitril/valsartan compared to enalapril in managing 
heart failure (HF) after percutaneous coronary intervention (PCI). Methods: From January 2018 to December 2021, 
63 hospitalized patients diagnosed with HF following acute myocardial infarction (AMI) were enrolled in this prospec-
tive clinical trial. The observation group was comprised of 31 patients treated with sacubitril/valsartan (LCZ696) 
sodium tablets, while the control group, including 32 patients, received enalapril maleate tablets. All patients re-
ceived standard HF therapy, including water-soluble aspirin, hydroclopidogrel sulfate, once-daily bivalirudin calcium, 
twice-daily metoprolol tartrate (dose titrated based on heart rate), once-daily spironolactone (dose adjusted for 
electrolytes), and once-daily dehydroimidazole (dose adjusted for electrolytes). HF symptom control, N-terminal 
B-type natriuretic peptide precursor (NT-proBNP) levels, cardiac anatomical parameters, heart rate, blood pressure, 
and 6-minute walking distance over a 90-day follow-up were assessed. The study is registered under ClinicalTrials.
gov [ChiCTR2100042944]. Results: On the 30th day post-discharge, the observation group exhibited a marked 
decrease in NT-proBNP levels and an improvement in left ventricular end-diastolic diameter, in contrast to the 
control group (both P<0.05). By the 90th day, the observation group showed significant improvements in left ven-
tricular ejection fraction and left ventricular end-systolic diameter index, along with reduced blood pressure and 
serum creatinine levels (all P<0.05). Furthermore, the observation group displayed a more favorable New York Heart 
Association class distribution and enhanced performance in the 6-minute walk test (both P<0.05). No significant 
difference in the incidence of major adverse cardiovascular events was observed between the two groups during 
the 90-day follow-up period (P>0.05). Conclusion: Our findings indicate that sacubitril/valsartan (LCZ696) Sodium 
Tablets effectively enhance ventricular remodeling and cardiac function in patients with HF post-AMI, following a 
short-term treatment regimen. This therapeutic approach holds promise for improving clinical outcomes in this 
patient population.

Keywords: Sacubitril/valsartan, enalapril, heart failure, acute myocardial infarction, ventricular remodeling

Introduction

Heart failure (HF) is a condition characterized 
by impaired systolic and/or diastolic function  
of the heart muscle, resulting in inefficient 
venous return from the body. HF leads to inad-
equate perfusion of tissues and organs for nor-
mal metabolism, causing various organ dys-
functions and abnormal hemodynamics [1]. 
Clinically, it manifests as symptoms stemming 
from systemic or pulmonary circulatory conges-
tion. Over time, HF patients experience declin-
ing activity tolerance and quality of life. In 

China, the number of HF patients has reached 
13.7 million, including 6.5-8.75 million over 60 
years old, representing a 44% increase over the 
past 15 years [1, 2]. Additionally, the hospital-
ized mortality rate for HF patients in China 
stands at 4.1% [3, 4]. Despite significant 
advances in medicine, the treatment of HF has 
stagnated over the past decade, posing a sig-
nificant public health concern due to the aging 
population [5]. HF patients exhibit diverse clini-
cal symptoms and have a higher 5-year mortal-
ity rate than several cancers. Despite improve-
ments in living standards, diagnostics, and 
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therapeutic techniques, HF remains a leading 
cause of morbidity and mortality in the elderly. 
Therefore, the management of HF continues to 
be a critical challenge in clinical research.

Over the past two decades, significant advan- 
cements have been achieved in the diagnosis 
and management of HF [5]. Nevertheless, the 
long-term prognosis remains unsatisfactory, 
with 5-year survival rates trailing behind those 
of malignant tumors. The traditional “golden  
triangle” of HF treatment, despite its utilization 
of higher doses of Renin-angiotensin-aldoster- 
one system (RAAS) inhibitors, has demonstrat-
ed limited effectiveness in reducing readmis-
sion and mortality rates. To address this press-
ing issue, a novel class of drugs, angiotensin 
receptor endopeptidase inhibitors (ARNIs), has 
emerged.

ARNIs, exemplified by sacubitril/valsartan (LC- 
Z696), exhibit a unique mechanism of action by 
inhibiting the RAAS system while activating the 
natriuretic peptide system [6, 7]. This innova-
tive approach modulates neuroendocrine func-
tion, resulting in various physiological benefits 
such as vasodilation, diuresis, and inhibition of 
sympathetic nerve activity.

The current study aims to provide evidence-
based medical guidance on the use of LCZ696 
in the treatment of HF patients following ac- 
ute myocardial infarction (AMI). To achieve this, 
we compare the representative Angiotensin-
converting enzyme inhibitor (ACEI) drug, enala-
pril maleate tablets, with the representa- 
tive ARNI drug, sacubitril/valsartan (LCZ696) 
Sodium Tablets. The findings of this study will 
contribute to a deeper understanding of the 
efficacy and adverse reactions associated with 
these two drug classes in this specific patient 
population.

Materials and methods

Research subjects

A total of 63 inpatients diagnosed with HF fol-
lowing AMI at Yueyang People’s Hospital of 
Hunan Province from January 2018 to 
December 2021 were included. Participants 
included 45 males and 18 females, with an  
age range of 40-83 years (mean age: 63.63± 
10.31 years). The study was approved by the 
Medical Research Ethics Committee of Yueyang 

People’s Hospital of Hunan Province, in accor-
dance with the principles outlined in the 
Declaration of Helsinki. Informed consent was 
obtained from the patients or their legal repre-
sentatives. The study is registered under 
ClinicalTrials.gov (ChiCTR2100042944).

Inclusion criteria

(1) Age ≥18 years, with no gender restrictions 
[8, 9]. (2) High-risk for non-ST-segment eleva-
tion myocardial infarction (NSTEMI) as as- 
sessed by NSTEMI risk stratification [10]. (3) 
Fulfillment of diagnostic criteria for ST-seg- 
ment elevation myocardial infarction (STEMI) 
based on the “Fourth Universal Definition of 
Myocardial Infarction, 2018”: Type I AMI defin- 
ed by markers of myocardial injury (e.g., tropo-
nin) exceeding the 99th percentile upper refer-
ence limit at least once, accompanied by at 
least one of the following ischemic manifesta-
tions: Typical ischemic symptoms; New isch-
emic changes on ECG (e.g., left bundle branch 
block, ST-T changes) [10]; New pathological  
Q waves on ECG; Imaging evidence of new 
regional wall motion abnormalities or loss of 
viable myocardium; Coronary thrombosis on 
angiography, imaging, or autopsy. (4) Success- 
ful emergency percutaneous coronary inter- 
vention (PCI) with direct culprit vessel opening 
and postoperative heart rate >80 beats/min. 
(5) Development of HF post-PCI, classified as 
Killip I-III, and fulfilling NT-proBNP diagnostic 
criteria for HF [9, 11]. (6) Fulfillment of diagnos-
tic criteria for HF with reduced ejection fraction 
(HFrEF), HF with mid-range ejection fraction 
(HFmrEF), or HF with preserved ejection frac-
tion (HFpEF) post-PCI [12]. (7) Timely medica-
tion adherence during the observation period, 
regular outpatient follow-up, and good drug 
compliance. (8) Informed and willing partici-
pants, having signed the informed consent 
form.

Exclusion criteria

(1) Patients with known intolerance or allergy  
to ARNI/ACEI drugs. (2) Patients with unstable 
hemodynamic indices, such as Killip class IV  
or blood pressure <90/60 mmHg. (3) Hospi- 
tal potassium concentration (K*) levels >5.5 
mmol/L. (4) Concurrent use of drugs that inter-
fere with LCZ696 metabolism, such as aliski-
ren. (5) Patients with poor compliance, difficul- 
ty in follow-up, or communication difficulties. 
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(6) Pregnant or lactating women. (7) Patients 
with mental disorders or malignancies. (8) 
Coexisting coagulation dysfunction, liver and 
kidney insufficiency, or organic lesions (e.g., 
creatine kinase-MB >265 umol/L, Child-Pugh 
class C) [13]. (9) Patients with organic heart  
diseases, including heart valve disease, hyper-
tensive heart disease, myocarditis, pericarditis, 
and congenital heart disease.

Main equipment, instruments and main thera-
peutic drugs

For blood pressure measurements, we utiliz- 
ed electronic sphygmomanometers (Dalian 
Omron Co., Ltd.) and desktop sphygmomanom-
eters (Yuyue Medical Equipment Co., Ltd.). 
Cardiac ultrasonography was completed using 
color ultrasonic diagnostic equipment (Zhixin- 
heng Technology Co., Ltd.). A digital 12-channel 
electrocardiography machine (Li Bang Preci- 
sion Instrument Co., Ltd.) was employed for 
12-lead electrocardiogram recordings. Recep- 
tor-ligand interactions were analyzed using the 
Receptor-Ligand Interaction Assay (ReLIA) 
Multifunctional Immunoassay system (Ruilai 
Bioengineering (Shenzhen) Co., Ltd.).

Coronary angiograms were obtained using the 
Philips Digital Subtraction Angiography (DSA) 
system from Royal Philips of the Netherlands. 
Biochemical data analysis was conducted with 
the Hitachi 7600 Automated Biochemistry 
Analyzer (Dahua Group Co., Ltd.).

In terms of therapeutic drugs, Sacubitril/
Valsartan Sodium Salt Tablets (LCZ696) 
(Novartis Pharmaceutical Co., Ltd.), Enalapril 
Maleate Tablets (Shanghai Modern Pharma- 
ceutical Co., Ltd.), Valsartan Capsules (Tianda 
Pharmaceuticals Limited), furosemide tablets 
(Tianjin Lisheng Pharmaceutical Co., Ltd.),  
spironolactone tablets (Jiangsu Changjiang 
Pharmaceutical Co., Ltd.) and baispiride enter-
ic-coated tablets (Bayer healthcare Co., Ltd.) 
were administered for HF treatment.

For AMI treatment, clopidogrel bisulfate tablets 
(Sanofi Pharmaceutical Co., Ltd.), pitavastatin 
calcium tablets (Jiangsu Wanbang Biochemical 
Pharmaceutical Co., Ltd.), metoprolol tartrate 
tablets (Suzhou Yushi Pharmaceutical Co., Ltd.) 
and spironolactone tablets were administer- 
ed.

Research grouping

Eligible patients were randomly assigned into 
two groups using a random number table, 
based on their admission order. The observa-
tion group received oral sacubitril/valsartan 
(LCZ696) Sodium Tablets, while the control 
group received oral enalapril maleate tablets. 
Other oral treatment drugs remained largely 
unchanged between the two groups. Detailed 
research protocols spanning from admission to 
endpoint are outlined below.

Inspection on admission

On the first day of admission, following emer-
gency PCI, comprehensive patient data were 
recorded. This encompassed age, gender, body 
weight, comorbidities (including diabetes, hy- 
pertension, stroke, hyperlipidemia), smoking 
history, Killip classification, NSTEMI/STEMI  
status, involvement of other diseased blood 
vessels, post-PCI thrombolysis in myocardial 
infarction (TIMI) blood flow classification, and 
current oral medications (such as dual anti-
platelet therapy (DAPT), statins, receptor antag-
onists, mineralocorticoid receptor antagonists 
(MRA), and diuretics). Additionally, NT-proBNP, 
liver function, routine biochemical, and blood 
lipid tests were conducted. Blood pressure  
and heart rate were measured, and a compre-
hensive transthoracic echocardiography was 
performed to assess left ventricular ejection 
fraction (LVEF), left ventricular end-systolic 
diameter (LVESD), and left ventricular end-dia-
stolic diameter (LVEDD) [14-16]. Once the 
patient’s condition stabilized, the 6-minute 
walk test (6MWT) was administered to mea-
sure walking distance. The standard oral treat-
ment regimen for post-PCI patients, as recom-
mended by guidelines, included aspirin en- 
teric-coated tablets (100 mg once daily), clopi-
dogrel hydrogen sulfate tablets (75 mg once 
daily), pitavastatin calcium tablets (2 mg once 
daily), metoprolol tartrate tablets (initially 12.5 
mg twice daily, with dose titrated based on 
heart rate), spironolactone (20 mg once daily, 
with dose adjusted according to electrolytes), 
and semide (20 mg once daily, with dose 
adjusted based on electrolytes). Sacubitril/
Valsartan (LCZ696) Sodium Tablets Admini- 
stration: If currently taking ACEIs, discontinue 
for 36 hours before initiating sacubitril/valsar-
tan (LCZ696) Sodium Tablets. For patients not 
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previously taking ACEIs, initiate sacubitril/val-
sartan on the first day of admission (following 
emergency PCI). Begin with an initial oral dose 
of 25 mg twice daily, doubling the dose every 
14 days until reaching the target dose of 200 
mg twice daily. If intolerance (e.g., asymptom-
atic hypotension) occurs, maintain the current 
maximum tolerated dose.

Enalapril Maleate Tablets Administration: On 
the first day of admission (post-emergency PCI), 
administer enalapril maleate tablets orally in 
addition to conventional treatment. Start with 
an initial dose of 2.5 mg twice daily, doubling 
the dose every 14 days until reaching the target 
dose of 10 mg twice daily. Maintain the current 
maximum tolerated dose if intolerance occurs 
[17].

Follow-up examinations

On the 30th and 90th days post-discharge, 
liver and kidney function, electrolytes, NT- 
proBNP levels were assessed in outpatient  
clinics. Echocardiography was performed, and 
blood pressure, heart rate, 6MWT, and cardiac 
function (New York Heart Association (NYHA) 
class) were measured. During this period, all 
patients were monitored via telephone for any 
adverse reactions, including symptomatic 
hypotension, angioedema, dry cough, impaired 
liver and kidney function, and major adverse 
cardiovascular events. These were recorded 
and tallied. The drug regimen was adjusted 
accordingly based on patients’ test results and 
drug tolerance.

Observation indicators and follow-up after dis-
charge

Collect general information: General data was 
collected for all subjects, including gender, 
weight, age, comorbidities (hypertension, st- 
roke, hyperlipidemia, diabetes), smoking histo-
ry, blood lipid status, Killip classification, dis-
eased blood vessels, NSTEMI/STEMI count, 
post-PCI TIMI blood flow classification, and 
other oral medications (DAPT, statins, receptor 
antagonists, MRA, diuretics).

NT-pro BNP levels: Collect fasting venous blood 
in the morning on the 1st day of admission, 
30th day of discharge, and 90th day of dis-
charge. Measure NT-proBNP levels using a 
ReLIA multifunctional immunoassay instru-
ment and record the values.

Transthoracic doppler echocardiography: In 
this study, transthoracic Doppler echocardiog-
raphy was employed to assess LVEF, LVESD, 
and LVEDD by echocardiography. LVEF mea-
surements were derived using the Simpson 
method. Each parameter was measured twice 
by the same sonographer in our hospital’s 
B-ultrasound department, and the average 
value was recorded.

Heart rate: After a 10-minute resting period in a 
seated position, heart rate was measured 
twice, and the average value was calculated.

Blood pressure: Prior to measurement, patients 
were instructed to sit and rest for 10 minutes. 
Blood pressure was measured twice in both left 
and right arms, and the average value was 
taken.

6MWT: The 6-minute walking distance was 
recorded for all patients in a calm state when 
their condition was stable, upon admission,  
on the 30th day, and on the 90th day 
post-discharge.

Adverse reactions: Fasting venous blood sam-
ples were collected from all patients on the  
1st day, 30th day, and 90th day post-discharge 
for biochemical analysis. The Hitachi 7600 
automatic biochemical analyzer was used to 
determine uric acid (UA), blood urea nitrogen 
(BUN), alanine aminotransferase (ALT), serum 
creatinine (SCr), serum potassium ion concen-
tration (K*), and aspartate transaminase (AST) 
levels [18, 19]. Adverse reactions included: 
K*>5.5 mmol/L, creatine kinase-MB (CK-MB) 
>265 μmol/L or an increase of >10% compar- 
ed to pre-treatment values, angioedema, dry 
cough, ALT and AST levels increased more than 
3 times compared to pre-treatment values,  
and blood pressure <90/60 mmHg (accompa-
nied by symptoms such as dizziness or 
headache).

Major adverse cardiovascular events: MACE 
comprises readmission for HF, unstable angi-
na, recurrent myocardial infarction, repeat 
revascularization, cardiac death, and malignant 
arrhythmia.

Evaluation of therapeutic efficacy: Post-
discharge follow-up assessments were con-
ducted on the 30th and 90th days using the 
NYHA class. Therapeutic efficacy was defined 
according to the Chinese Medical Association 
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Cardiovascular Diseases Branch (CSC) criteria: 
markedly effective (NYHA improvement of ≥II 
grades), effective (NYHA improvement of I 
grade but not to ≤II), and ineffective (NYHA 
improvement of <I grade or worsening of con- 
dition) [18]. The total effective rate was calcu-
lated as (markedly effective + effective) cases/
total cases × 100% [20].

Statistical methods

Data analysis was conducted using SPSS soft-
ware (version 25.0). Continuous variables were 
expressed as mean ± standard deviation and 
compared between groups using independent 
samples t-tests, assuming normal distribution 
confirmed by the Shapiro-Wilk test. Categorical 
variables were presented as frequencies and 
percentages, and group comparisons were per-
formed using chi-square tests or Fisher’s exact 
tests where appropriate. The primary out-
comes, including NT-proBNP levels and car- 
diac anatomical parameters, were analyzed 
using mixed-effects models to account for 
repeated measures over the 90-day follow-up. 
Adjustments for multiple comparisons were 
made using the Bonferroni method. The effect 
size was calculated for significant findings us- 
ing Cohen’s d. A two-tailed P-value of <0.05 
was considered statistically significant.

Results

During the 90-day follow-up, all 31 patients in 
the observation group completed the trial. 
Three patients experienced asymptomatic 
hypotension, but after adjusting the dosages  
of sacubitril/valsartan and trandolapril, their 
blood pressure remained within the normal 
range. Among the 32 patients in the control 
group. Two patients withdrw due to a signifi- 
cant increase in muscle and liver enzyme val-
ues. Additionally, two patients developed dry 
cough and were subsequently switched from 
enalapril maleate to sacubitril/valsartan for 
continued treatment. Therefore, 30 people in 
the control group finally completed the trial.

Comparison of general data and blood vessels

Baseline comparisons between the two gro- 
ups included age, sex, weight, comorbidities 
(hypertension, stroke, hyperlipidemia, diabe-
tes), smoking history, blood lipids, Killip classifi-
cation, type of myocardial infarction (NSTEMI/

STEMI), affected vessels, and surgical proce-
dures. Post-TIMI blood flow assessments, use 
of other oral medications (DAPT, statins, 
β-blockers, MRA, diuretics), and other clinical 
data were also compared. See Tables 1, 2 and 
Figure 1.

Comparison of NT-proBNP levels

Analysis revealed no significant difference in 
NT-proBNP levels between the observation and 
control groups upon admission (P>0.05). The 
study demonstrated improved therapeutic effi-
cacy in the observation group compared to the 
control group across different post-treatment 
periods (P<0.05). See Table 3.

Comparison of cardiac anatomical parameters

After thorough analysis, it was determined that 
on the first day of hospitalization, there were  
no significant differences in LVEF, LVESD and 
LVEDD between the observation and control 
groups (P=0.976, P=0.539, P=0.368). By the 
30th day post-discharge, compared to the first 
day of hospitalization, LVEF had increased, 
while LVESD and LVEDD had decreased. While 
LVEF and LVESD remained similar between 
groups (both P>0.05), a significant difference 
in LVEDD was observed (P<0.05). By the 90th 
day post-discharge, both LVEF, LVESD, and 
LVEDD had further improved compared to the 
first day of hospitalization and the 30th day 
post-discharge (P<0.001) [21]. The study re- 
sults indicate that cardiac anatomical parame-
ters in the observation group improved over 
time, with more significant improvements on 
the 90th day post-discharge compared to the 
30th day. See Table 4 and Figure 2.

Comparison of heart rate and blood pressure 
changes

Similarly, on the first day of hospitalization, 
there were no significant differences in heart 
rate (HR), systolic blood pressure (SBP), and 
diastolic blood pressure (DBP) between the two 
groups (all P>0.05). However, from the follow-
up to the 30th and 90th days post-discharge, 
HR was lower than on the first day of hospital-
ization. On the 30th day post-discharge, SBP 
and DBP were lower than on the first day of 
admission (P<0.05). By the 90th day post-dis-
charge, SBP and DBP in the observation group 
were further reduced compared to the 30th  
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day post-discharge (P<0.05). These results 
suggest that with an increased oral dosage of 
the drug, blood pressure in the observation 
group decreased more significantly than in the 
control group. See Table 5 and Figure 3.

Comparison of 6MWT outcomes

Upon analysis, it was ascertained that upon ini-
tial admission, there was no significant differ-
ence in 6MWD between the observation and 
control groups (P>0.05). However, by the 30th 

day post-discharge, the 6MWD had signifi- 
cantly increased compared to the initial admis-
sion day (P<0.05). Furthermore, on the 90th 
day post-discharge, the 6MWD continued to 
improve, surpassing both the in-hospital value 
and the 30th-day post-discharge measure-
ment. The results indicate that treatment led  
to an enhancement in walking distance during 
the 6MWT, and this improvement was more 
pronounced at the 90th day post-discharge 
compared to the 30th day. See Table 6.

Comparison of medication dosage and compli-
ance

During the 90-day follow-up period post-dis-
charge, the final oral dosages in the observa-
tion group were as follows: 20 patients receiv- 
ed the target dose of 200 mg, twice daily, while 
8 patients only tolerated a lower dose of 100 
mg, twice daily. In the control group, 25 pa- 
tients received the target dose, comprising 23 
patients on enalapril maleate tablets (20 mg, 
twice daily) and 2 patients on valsartan cap-
sules (80 mg, once daily). Additionally, 3 

Table 1. Comparison of general data
Observation index Observation (n=31) Control (n=30) P
Male 24 (77.7) 21 (70) 0.513
Age (years) 61.7±11.2 68.6±9.4 0.103
Body weight (kg) 68.8±6.6 70.5±6.4 0.295
Smoking history 23 (74.4) 24 (80.0) 0.592
Diabetes 8 (25.6) 7 (23.5) 0.825
Hypertension 13 (41.7) 15 (50.0) 0.525
Cerebral apoplexy 7 (22.4) 9 (30.0) 0.513
Hyperlipidemia 11 (35.3) 16 (53.5) 0.163
Killip III number 13 (41.7) 15 (50.0) 0.525
NSTEMI number 8 (25.6) 11 (36.6) 0.363
Postoperative TIMI blood flow grade 3 31 (100) 30 (100) 1.000
DAPT 31 (100) 30 (100) 1.000
Pitavastatin Calcium Tablets 31 (100) 30 (100) 1.000
Metoprolol tartrate tablets 31 (100) 30 (100) 1.000
Spironolactone tablets 31 (100) 30 (100) 1.000
Furosemide tablets 31 (100) 30 (100) 1.000
TG (mmol/L) 1.8±1.3 1.7±1.8 0.726
CHOL (mmol/L) 5.2±1.6 4.6±1.2 0.097
HDL-C (mmol/L) 1.5±0.5 1.4±0.5 0.064
LDL-C (mmol/L) 3.3±1.3 2.6±0.6 0.082
FPG (mmol/L) 5.5±1.5 5.5±1.3 0.155
Note: NSTEMI: Non-ST-segment Elevation Myocardial Infarction, DAPT: Dual Antiplatelet Therapy, TIMI: Thrombolysis in Myocar-
dial Infarction, TG: Triglycerides, CHOL: Cholesterol, HDL-C: High-Density Lipoprotein Cholesterol, LDL-C: Low-Density Lipoprotein 
Cholesterol, FPG: Fasting Plasma Glucose.

Table 2. Comparison of diseased blood ves-
sels

Observation index Observation 
(n=31)

Control 
(n=30) P

LAD 20 22 0.746
LCX 15 12 0.635
RCA 10 7 0.482
LM 4 2 0.548
Note: LAD: Left Anterior Descending Artery, LCX: Left 
Circumflex Artery, RCA: Right Coronary Artery, LM: Left 
Main Coronary Artery or Left Main Stem.
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Figure 1. Comparison of general data. A. Comparison of box plots of Oxyphylenone B in observation and control 
groups. B. Box plot comparison of L-Prolyl-L-Leucine in observation and control groups. C. Box plot comparison of Sti-
bostemin B in observation and control groups. D. ROC curves based on Oxyphylenone B prediction models. E. ROC 
curve based on L-Prolyl-L-Leucine predictive modeling. F. ROC curve based on Stibostemin B predictive modeling. G. 
Log2 expression of 30 genes in six samples. H. Correlation analysis between 9 parameters.

Table 3. Comparison of NT-proBNP levels
Group (number of cases) Day 1 of admission Day 30 of discharge 90th day of discharge
Observation (n=31) 5379.7±2026.9 2204.6±1549.7 605.4±581.6
Control (n=30) 5652.7±2004.8 3862.7±1580.5 1950.5±1051.3
P 0.651 <0.01 <0.01
Note: NT-proBNP: N-terminal B-type natriuretic peptide precursor.
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Table 4. Comparison of cardiac parameters

Group (number of cases) Period LVEF (%) LVESD 
(mm)

LVEDD 
(mm)

P value 
(LVEF)

P value 
(LVESD)

P value 
(LVEDD)

Observation (n=31) Day 1 of admission 39.6±6.6 49.2±6.6 58.8±5.6 - - -
Day 30 of discharge 42.3±5.4 43.3±5.4 52.6±4.2 - - -
90th day of discharge 47.5±6.6 36.5±6.4 46.5±6.4 - - -

Control (n=30) Day 1 of admission 39.6±7.2 47.1±5.7 60.2±5.6 0.99 0.84 0.06
Day 30 of discharge 41.3±7.5 45.4±5.5 58.6±5.5 0.52 0.03 0.001
90th day of discharge 43.5±6.6 43.7±5.5 54.4±5.5 0.47 0.02 0.04

Note: LVEF: Left Ventricular Ejection Fraction, LVESD: Left Ventricular End-Systolic Diameter, LVEDD: Left Ventricular End-
Diastolic Diameter.

patients required a reduced dose of enalapril 
maleate (10 mg, twice daily).

Comparison of renal and liver function moni-
toring

Analysis revealed no difference in UA, BUN, 
SCr, K*, AST levels between the groups on the 
first day of hospitalization. Through the 90-day 
follow-up, UA, BUN, and K* levels remained 
unchanged compared to admission (all P> 
0.05). However, SCr, ALT, and AST levels were 
higher in the observation group compared to 
admission. Conversely, in the control group,  
ALT and AST levels decreased significantly 
(both P<0.001). On the 90th day post-dis-
charge, no significant changes were observed 
in other indices (P>0.05), except for SCr, which 
was statistically different between the ob- 
servation and control groups (P<0.05). See 
Table 7 and Figure 4.

Comparison of NYHA class and clinical efficacy

Based on the analysis, on the first day of  
hospitalization, the total proportion of NYHA 
class I-II patients was similar between the 
groups (16% vs. 10%), with no significant differ-
ence (P=0.482). By the 30th day post-dis-
charge, this proportion increased to 42% in  
the observed group and 30% in the control 
group. By the 90th day, the proportion further 
increased to 90% in the observed group and 
77% in the control group, indicating an im- 
provement in cardiac function over time. See 
Table 8 and Figure 5.

Over the 90-day follow-up period, the patients’ 
clinical efficacy was assessed using the NYHA 
classification. In the observation group, 9 
patients (29%) demonstrated marked effec-

tiveness, 18 (58%) showed effectiveness, and 
4 (13%) were ineffective. In the control group,  
5 patients (17%) were marked as effective, 16 
(53%) were effective, and 9 (30%) were ineffec-
tive. The total effective rate was 87% in the 
observed group and 70% in the control group, 
indicating no significant difference in clinical 
efficacy between the groups. See Table 9.

Discussion

In recent years, the incidence and mortality of 
AMI have surged significantly, which may be 
attributed to the rising consumption of fatty 
foods and irregular lifestyles. Epidemiological 
studies in China reveal that AMI patients tend 
to be younger and older, with a higher preva-
lence in rural areas [22]. The pathological 
mechanism of AMI involves the rupture of 
unstable lipid plaques, exposing endothelial 
collagen and triggering the formation of platelet 
thrombi or white blood cell clots. Concurrently, 
the coagulation cascade is rapidly activated, 
accelerating fibrin production and massive 
fibrin deposition, ultimately capturing red blood 
cells to form red thrombi. This process leads  
to acute stenosis or occlusion of the coronary 
artery lumen. Consequently, antiplatelet and 
antithrombotic therapy plays a pivotal role in 
the prevention and management of AMI.

Previous studies have demonstrated that car-
diomyocyte necrosis commences from the 
endocardium within 18 minutes after coronary 
artery occlusion, with irreversible injury occur-
ring between 20 and 40 minutes [23, 24]. Over 
two-thirds of cardiomyocytes can sustain 
obstruction for more than three hours, leading 
to transverse wall myocardial necrosis within 
six hours, resulting in infarcted myocardial  
tissue. Each 30-minute extension in total myo-
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cardial ischemia time increases the patient’s 
mortality risk by 7.5%, indicating a negative cor-
relation with prognosis [23, 24]. Crucially, man-
aging total myocardial ischemia time within 
120 minutes is vital for improving survival 
rates. Prompt vessel reopening and restoration 
of coronary reperfusion via stent implantation 

within this timeframe can minimize necrosis 
and thus mortality.

While timely ischemia-reperfusion reduces 
myocardial necrosis, it can also inflict severe 
damage upon reperfusion, known as myocardi-
al ischemia-reperfusion injury (MIRI). This injury 

Figure 2. Comparison of cardiac parameters. A. Comparison of box plots of 2-hydroxyisocaproic acid between obser-
vation and control groups. B. Box plot comparison of Citraconic acid in observation and control groups. C. Box plot 
comparison of 5-Methylcytosine in observation and control groups. D. ROC curve based on the prediction model 
of 2-hydroxyisocaproic acid. E. ROC curve based on the prediction model of Citraconic acid. F. ROC curve based on 
the prediction model of 5-Methylcytosine. G. Log2 expression of 30 genes in six samples. H. Correlation analysis 
between nine parameters.
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Table 5. Comparison of heart rate and blood pressure of patients

Group (number of cases) Time HR (beats/
min)

SBP 
(mmHg)

DBP 
(mmHg)

P value 
(HR)

P value 
(SBP)

P value 
(DBP)

Observation (n=31) Day 1 of admission 88.2±10.2 126.4±13.5 80.4±8.6 - - -
Day 30 of discharge 75.5±5.8 109.9±8.4 70.4±8.5 - - -

90th day of discharge 67.5±5.2 98.6±5.3 65.4±4.3 - - -
Control (n=30) Day 1 of admission 87.3±8.6 123.3±10.6 77.4±10.6 0.85 0.58 0.76

Day 30 of discharge 74.5±9.3 109.5±7.3 69.6±6.6 0.01 0.02 0.12
90th day of discharge 67.5±4.6 105.7±8.3 68.7±6.3 <0.01 <0.01 0.04

Figure 3. Comparison of heart rate and blood pressure of patients. A. Comparison of box plots of Phenylpyruvic acid 
in the observation and control groups. B. Box plot comparison of L-Threonine in observation and control groups. 
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is mediated by various cellular signaling path-
ways and substances, including calcium over-
load, oxygen free radical production, and acti-
vation of multiple signaling cascades. Notably, 
the accumulation of excessive reactive oxygen 
species is a pivotal factor in MIRI [25]. MIRI can 
exacerbate disease progression, hasten car-
diomyocyte demise, and foster HF. Although 
advancements in chest pain centers have sig-
nificantly lowered AMI mortality, post-infarction 
complications, including HF, arrhythmia, cardio-
genic shock, and papillary muscle/tendon rup-
ture, still detract from patients’ quality of life. 
HF following AMI, particularly, remains a critical 
public health concern demanding clinicians’ 
attention [15, 16]. Over half of HF cases stem 
from ischemic heart disease due to myocardial 
infarction. Despite notable improvements in 
myocardial reperfusion therapies in China, par-
ticularly thrombolysis and PCI, many patients 
miss the optimal reperfusion window or suffer 
reperfusion injury post-PCI, resulting in myo- 
cardial ischemia-hypoxia, aberrant ventricular 
wall motion, diastolic-systolic dysfunction, and 
ultimately ventricular wall remodeling and HF 
[26]. Clinical studies investigating LCZ696’s 
efficacy in treating HF post-AMI are scarce, with 
most research focused on animal models [17, 
18]. LCZ696 is proposed to attenuate cardiac 

hypertrophy markers by mitigating inflammato-
ry cell responses and collagen synthesis, while 
fostering early degradation and weakening of 
the extracellular matrix, thereby remodeling 
damaged heart muscles post-AMI and minimiz-
ing acute/chronic myocardial injuries. Studies 
have demonstrated the effectiveness of 
LCZ696 in treating acute anterior myocardial 
infarction with HF, enhancing cardiac function 
[18, 19]. However, contrasting reports suggest 
that short-term treatment with LCZ696 or ACEI 
drugs yield similar prognostic and therapeutic 
outcomes, though these conclusions remain 
contentious.

The present study’s findings indicate that 
LCZ696 reduces NT-proBNP levels, increases 
LVEF, and decreases LVEDD and LVESD in the 
short-term, suggesting its application improves 
cardiac function in patients with HF following 
AMI [22, 23]. Collectively, these studies sug-
gest that LCZ696 facilitates cardiac function 
improvement in patients with AMI complicated 
by HF. This study exhibits both congruencies 
and disparities with previous research, poten-
tially attributed to factors such as the limited 
sample size, specific infarction location, varying 
definitions of MACE in HF post-AMI, therapeutic 
drug follow-up duration, and regional/genetic 

Table 6. Comparison of 6MWT of patients
Group (number of cases) Admission (m) Discharge day 30 (m) 90 days after discharge (m)
Observation (n=31) 333.5±32.3 387.2±49.3 471.02±32.3
Control (n=30) 324.5±44.5 370.2±37.7 417.4±23.1
P 0.512 0.345 0.03
Note: 6MWT: 6-minute walk test.

Table 7. Comparison of liver and kidney functions and electrolytes

Group (number of cases) Time UA (mmol/L) BUN 
(mmol/L)

SCr 
(mmol/L)

K* 
(mmol/L) AST (U/L) ALT (U/L)

Observation (n=31) Admission day 1 378.4±93.5 6.7±2.3 89.7±28.3 4.2±0.5 284.4±225.6 69.6±44.7

90 days after discharge 358.3±81.6 5.4±1.3 67.4±18.5 4.3±0.6 21.3±7.8 20.5±8.8

Control (n=30) Admission day 1 335.6±86.8 5.7±2.3 80.25±25.5 4.3±0.5 226.3±13.05 61.4±27.5

90 days after discharge 337.2±52.3 5.6±1.7 81.6±15.4 4.3±0.6 23.5±7.8 21.5±8.8

P Admission day 1 0.76 0.34 0.08 0.99 0.65 0.47

90 days after discharge <0.01 0.36 <0.01 0.75 <0.01 0.45
Note: UA: uric acid, BUN: blood urea nitrogen, ALT: alanine aminotransferase, SCr: serum creatinine, K*: serum potassium ion concentration, AST: aspartate transami-
nase.

C. Box plot comparison of Cytosine in observation and control groups. D. ROC curves based on Phenylpyruvic acid 
prediction models. E. ROC curve based on L-Threonine prediction model. F. ROC curve based on Cytosine prediction 
model. G. Log2 expression of 30 genes in six samples. H. Correlation analysis between nine parameters.
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Figure 4. Comparison of liver and kidney functions and electrolytes. A. Comparison of box plots of L-Asparagine in ob- 
servation and control groups. B. Comparison of box plots for Syringic acid in observed and control groups. C. Box plot 
comparison of Indole-5-carboxylic acid for observation and control groups. D. ROC curve based on L-Asparagine pre-
diction model. E. ROC curve based on Syringic acid prediction model. F. ROC curve based on Indole-5-carboxylic acid 
prediction model. G. Log2 expression of 30 genes in six samples. H. Correlation analysis between nine parameters.

Table 8. Cardiac function classification (NYHA classification)
Group Class I, cases (%) Grade II, cases (%) Grade III, cases (%)
Observation (n=31) Day 1 of admission 0 (0) 5 (16) 26 (84)

Day 30 of discharge 4 (13) 9 (29) 12 (39)
90th day of discharge 13 (42) 15 (48) 3 (10)

Control (n=30) Day 1 of admission 0 (0) 3 (10) 27 (90)
Day 30 of discharge 1 (3) 8 (27) 16 (53)
90th day of discharge 6 (20) 17 (57) 7 (23)

Note: NYHA: New York Heart Association.
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Figure 5. Cardiac function classification (NYHA classification). A. Comparison of box plots of Dimethylmalonic acid in 
observation and control groups. B. Comparison of box plots forL-seryl-L-lsoleucine in observed and control groups. 
C. Box plot comparison of 3-Hydroxy-1-14-hydroxy-3,5-dimethoxyphenylipropan-1-one for observation and control 
groups. D. ROC curve based on Dimethylmalonic acid prediction model. E. ROC curve based on L-seryl-L-lsoleucine 
prediction model. F. ROC curve based on 3-Hydroxy-1-14-hydroxy-3,5-dimethoxyphenylipropan-1-one prediction 
model. G. Log2 expression of 30 genes in six samples. H. Correlation analysis between nine parameters. NYHA: 
New York Heart Association.

Table 9. Comparison of clinical efficacy
Group Effective Remarkable effect Invalid Total effective rate
Observation (n=31) 18 (58) 9 (29) 4 (13) 27 (87)
Control (n=30) 16 (53) 5 (17) 9 (30) 21 (70)
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variations. Notably, the present study is a sin-
gle-center investigation, and although the cen-
ter serves as the largest medical facility in the 
region with extensive outreach and a high 
patient volume, it cannot comprehensively rep-
resent the entire Chinese population. Therefore, 
a large-scale, prospective, randomized, double-
blind clinical trial is imperative to validate the 
efficacy of LCZ696 in treating HF post-AMI.

Several limitations should be considered when 
interpreting these results. The limitations 
include a relatively small sample size, which 
may affect the generalizability of the findings, 
and a short follow-up duration that may not 
capture long-term treatment effects. Addi- 
tionally, the study was conducted at a single 
center, which could introduce center-specific 
biases.

Collectively, the findings indicate that LCZ696 
effectively promotes ventricular remodeling 
and cardiac function recovery in patients with 
HF following AMI, suggesting its potential to 
improve clinical outcomes in this patient 
population.
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