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Purpose: This study aimed to investigate the effect of emergency percutaneous coronary intervention (PCI) combined with sacubitril- 
valsartan (Entresto) on the cardiac prognosis in patients with acute myocardial infarction (AMI).
Patients and Methods: A total of 78 AMI patients who were treated in our hospital between January 2020 and September 2021 
were included and randomly divided into treatment group and control group (n=39 per group). In the control group, patients were 
treated with primary PCI combined with irbesartan; in the treatment group, patients were treated with primary PCI combined with 
Entresto; pharmacotherapy lasted for 3 months. The left ventricular remodeling indexes, serum N-terminal B-type natriuretic peptide 
precursor (NT-proBNP), serum homocysteine (HCY), cystatin C (CysC) and results of 6-minute walk test (6MWT) before and after 
treatment were compared between two groups. The incidence of major adverse cardiovascular events (MACE) was determined and 
compared between them.
Results: (1) Before treatment, there were no marked differences in the left ventricular end-systolic diameter (LVESD), left ventricular 
end-diastolic diameter (LVEDD), interventricular septum thickness (IVST), NT-proBNP, left ventricular ejection fraction (LVEF), 
HCY, CysC, and results of 6MWT between two groups (P>0.05). After treatment, the LVEDS, LVEDD, NT-proBNP, HCY and CysC 
in the control group were significantly higher than in the treatment group (P<0.05). The recovery of LVEF and 6MWT in the treatment 
group was significantly better than in the control group (P<0.05). After treatment, there was no significant difference in the IVST 
between two groups (P>0.05). (2) The incidence of MACE in the control group was significantly higher than in the treatment group 
(P<0.05).
Conclusion: Compared with irbesartan, Entresto can further improve the cardiac function, prevent ventricular remodeling, and further 
optimize the clinical efficacy of PCI in AMI patients.
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Introduction
Acute myocardial infarction (AMI) is a common cardiovascular disease, especially in the middle-aged and elderly 
people. The clinically defined type I AMI refers to the large-area myocardial ischemia necrosis caused by thrombus 
induced arterial occlusion due to the rupture of atherosclerotic plaques of any cause in the presence of pre-existing 
atherosclerosis.1 Emergency percutaneous coronary intervention (PCI) has been widely employed for the emergency 
treatment of AMI and can help quickly recover the myocardial reperfusion, which thereafter reduces the infarct size and 
improves left ventricular function.2 However, after PCI, some patients will still develop heart failure, which is sympto-
matic. Sacubitril valsartan (Entresto) is a new type of drug for the treatment of heart failure with favorable efficacy.3 The 
PARADIGM-HF trial has proved that Entresto is more effective than traditional angiotensin converting enzyme inhibitor/ 
angiotensin receptor antagonist (angiotensin converting enzyme inhibitor/angiotensin receptor antagonist, ACEI/ARB) in 
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the treatment.4 Studies have confirmed that Entresto can improve the cardiac function and prognosis of patients with 
heart failure secondary to AMI. However, whether the Entresto is more effective than traditional ACEI/ARB in AMI 
patients without heart failure who underwent primary PCI is still poorly understood. In the present study, 78 AMI 
patients without heart failure who received primary PCI in our hospital were recruited, and the effects of Entresto on the 
cardiac function, ventricular remodeling, major adverse cardiovascular events (MACE), homocysteine (HCY) and 
cystatin C (CysC) were investigated. Our findings aimed to elucidate the advantages of Entresto over traditional 
ACEI/ARB in AMI patients without heart failure.

Materials and Methods
Patients
Inclusion criteria were as follows: (1) Patients were diagnosed with AMI according to the diagnostic criteria for AMI in 
the 2019 Guidelines for the Diagnosis and Treatment of Acute Myocardial Infarction”; (2) Patients were initially 
diagnosed with AMI; (3) Thrombolytic therapy was not administered before admission; (4) There was no history of 
other cerebrovascular diseases; (5) There were no contraindications to anti-platelet aggregation. Exclusion criteria were 
as follows: (1) EF was <40% on cardiac Doppler ultrasound; (2) patients had congenital coagulation dysfunction; (3) 
patients had severe injury to important organs (such as liver, kidney, heart); (4) patients were intolerant to irbesartan or 
Entresto.

Study Design
This study was approved by the Medical Ethics Committee of our hospital (No. 2019–003-002), and informed 
consent was obtained from patients or their relatives. And all procedures were complied with the criteria outlined in 
the Declaration of Helsinki (as revised in 2013). All the patients received PCI immediately after admission. In brief, 
aspirin at 300 mg and ticorrelor 180mg were administered orally before surgery. After local anesthesia with 2% 
lidocaine, the right radial artery was punctured and a 6F arterial sheath was placed. Then, 2000 U of unfractionated 
heparin and 200 μg of nitroglycerin were mixed in 10 mL of normal saline, followed by injection into the arterial 
sheath to avoid vascular spasm. Then, coronary angiography was performed after the catheter and guide wire were 
placed, and the detailed surgery protocol was personalized designed according to the results of the angiography. 78 
patients were randomly divided into treatment group and control group. In the control group, patients received oral 
irbesartan (Huahai Pharmaceutical Co., Ltd. H20030016; Lot No. 0000017225) at 37.5–75 mg/d after PCI. The 
specific dose of irbesartan was dependent on the blood pressure control. When the blood pressure decreased and 
remained in the normal range, the dose of irbesartan was adjusted to 0.15 g/d. In the treatment group, Patients 
I received sacubitril valsartan (Novartis Pharmaceutical Co., Ltd. H20170363; Lot No. SDL680) at 25–100 mg once 
or twice daily. The dose was initiated at 25 mg and dependent on the blood pressure. When the patient was tolerant 
to the sacubitril valsartan, the dose could increase to 200 mg within 4 week twice daily. The pharmacotherapy lasted 
for a total of 3 months. The cardiac function, MACE, HCY and CysC were compared between two groups. Patients 
for the first time received 6MWT on the day of discharge, and the result was used as the score before pharma-
cotherapy. Three months later, the 6MWT was performed again and the result served as the score after 
pharmacotherapy.

Observations
Left Ventricular Remodeling
Three-dimensional echocardiography was used to examine the cardiac remodeling of patients with Philips intelligent 
echocardiography system (Q7C). The left ventricular end systolic diameter (LVESD), left ventricular end systolic 
diameter (LVESD), left ventricular end diastolic diameter (LVEDD) and interventricular septum thickness (IVST) 
were obtained through echocardiography. In addition, the serum levels of CysC and HCY were measured in the patients 
of two groups.
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Cardiac Function
Before and after treatment, 5 mL of venous blood was collected from patients, and the serum was harvested after 
centrifugation at 3000 r/min. Serum NT-proBNP level was determined. The left ventricular ejection fraction (LVEF) was 
measured by three-dimensional echocardiography; The 6-minute walk test (6MWT) was performed and the results were 
recorded.

Prognosis
Patients received follow up for 3 months after discharge. All the patients completed the follow-up, and none was lost to 
follow-up. The incidence of major adverse cardiovascular events (MACE) was calculated in two groups. MACE includes 
rehospitalization due to heart failure, recurrent AMI, recurrent UA, malignant arrhythmia, repeat revascularization, and 
cardiac death.

Statistical Analysis
Statistical analysis was performed using SPSS version 25.0 software. Quantitative data are expressed as mean ± standard 
deviation (SD), and qualitative data expressed as percentage. The independent sample t-test was used for comparisons 
between two groups, and Chi square test was employed for comparison of qualitative data. A value of P<0.05 was 
considered statistically significant.

Results
General Characteristics
A total of 78 patients with AMI who were treated in our hospital between January 2020 and September 2021 were 
recruited into present study. Among the included patients, there were 33 patients diagnosed as non-ST elevation 
myocardial infarction (NSTEMI), and 45 as ST-elevation myocardial infarction (STEMI). All the patients received the 
primary PCI without delay or time-to-PCI. There were 45 males and 33 females with the mean age of 62.79 ± 6.49 years 
(range: 50–80 years). According to the treatments, the patients were divided into treatment group and control group 
(n=39 per group). There was no significant difference in the general characteristics of these patients (P>0.05) (Table 1).

Ventricular Remodeling and Cardiac Function in Two Groups Before and After 
Pharmacotherapy
Before pharmacotherapy, there were no marked differences in the LVESD, LVEDD, IVST, serum NT-proBNP level, 
LVEF and result of 6MWT between two groups. After pharmacotherapy, the LVESD, LVEDD and serum NT-proBNP 
level in the control group were significantly higher than in the treatment group (P<0.05). The IVST was comparable 
between two groups before and after pharmacotherapy (P>0.05) (Table 2 and Table 3).

Table 1 General Characteristics of Patients in Two Groups

Variables Treatment Group  
(n=39)

Control Group  
(n=39)

χ2/t P

Age (yr) 71.33 ± 10.52 68.00 ± 11.45 1.339 0.185
Gender (M/F) 28/11 31/8 0.626 0.429

Body mass index (kg/m2) 22.12 ± 2.52 22.27 ± 2.31 0.274 0.785

Time from onset to admission (h) 6.15 ± 1.27 5.86 ± 1.25 1.029 0.307
Pre-existing diseases (n) -

Hypertension 23 20 0.466 0.495

Diabetes 11 13 0.241 0.624
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Serum Levels of HCY and CysC in Two Groups Before and After Pharmacotherapy
Before pharmacotherapy, there were no significant differences in the serum levels of HCY and CysC between two groups 
(P>0.05). After pharmacotherapy, the serum levels of HCY and CysC in the control group were markedly higher than in 
the treatment group (P<0.05) (Table 4).

Incidence of MACE in Two Groups
The incidence of MACE in the treatment group was significantly lower than in the control group (P<0.05) (Table 5).

Discussion
In recent years, with the improvement of living standards, the incidence of cardiovascular diseases, especially 
myocardial infarction, has been increasing over year.5 Although the chest pain center has been promoted in China 
and the primary PCI can be routinely performed in the first-level tertiary hospitals in cities and counties, the 
mortality and disability of AMI are still at a high level, and the inflection point has not yet appeared.6 Currently, 
primary PCI for revascularization of affected vessels is still the optimal treatment for AMI.7–9 However, some 
patients will still experience heart failure, malignant arrhythmia, and even sudden death due to the myocardial 
necrosis and ventricular remodeling after AMI. Therefore, reducing myocardial necrosis, preventing ventricular 
remodeling, and improving cardiac function are crucial for reducing the mortality and disability of myocardial 
infarction.10 Although the routine treatments (such as Cardiotonic drugs, diuretics and vasodilators) may exert 

Table 2 Ventricular Remodeling of Patients in Two Groups Before and After Treatment

Group n LVESD (mm) LVEDD (mm) IVST (mm)

Before After Before After Before After

Treatment 39 43.84 ± 5.76 36.64 ± 5.08 55.84 ± 4.64 43.05 ± 5.08 9.77 ± 0.71 10.38 ± 0.85

Control 39 43.31 ± 4.36 42.04 ± 4.54 55.36 ± 6.55 47.34 ± 5.47 9.46 ± 0.79 10.03 ± 1.01

t 0.464 4.950 0.379 3.589 1.823 1.699

P 0.644 0.000 0.706 0.000 0.072 0.094

Table 3 Cardiac Function of Patients in Two Groups Before and After Treatment

Group n NT-proBNP (pg/mL) LVEF (%) 6MWT (m)

Before After Before After Before After

Treatment 39 1569.20 ± 898.05 208.72 ± 90.69 47.89 ± 6.28 55.09 ± 3.43 300.91±60.02 597.42±62.44

Control 39 1375.19 ± 973.23 294.95 ± 93.21 48.59 ± 7.06 50.33 ± 3.97 300.97±60.23 455.52±62.22

t 0.916 4.136 0.463 5.666 0.004 10.053

P 0.363 0.000 0.645 0.000 0.996 0.000

Table 4 Serum Levels of HCY and CysC of Patients in Two Groups 
Before and After Treatment

Group n HCY (μmol/L) CysC (mg/L)

Before After Before After

Treatment 39 18.78±4.23 9.13 ± 3.11 1.68±0.45 0.83 ± 0.16

Control 39 19.23 ± 4.55 13.97 ± 3.24 1.72±0.42 1.35 ± 0.19

t 0.452 6.730 0.358 13.074

P 0.652 0.000 0.721 0.000
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therapeutic effects on clinical symptoms to a certain extent, the improvement of cardiac prognosis and cardiac 
function are still limited. Thus, it is imperative to develop more effective drugs and therapeutic protocols to 
improve the cardiac function of AMI patients, therefore reducing their mortality and disability.

Irbesartan is a commonly used angiotensin II receptor antagonist in clinical practice. After orally administered, 
the drug can be hydrolyzed into active ingredients in the body, which then reduce the blood pressure and relieve 
the heart load to a certain extent. However, there is evidence showing that the traditional ACEI/ARB (such as 
irbesartan) fail to effectively block the excessive activation of the neuroendocrine system (a process related to 
heart failure), which greatly compromises the therapeutic effect on the heart failure.11 Entresto is a new type of 
anti-heart failure drug and the main components of Entresto are valsartan (an ARB) and AHU377 (a precursor of 
neprilysin inhibitor). It can effectively inhibit the type I angiotensin II receptor in AMI patients and target the 
sympathetic nerve endings to inhibit the secretion of norepinephrine and relieve the vascular and myocardial 
contractility in AMI patients.12 Moreover, Entresto can also effectively inhibit the proliferation of vascular 
endothelial cells, smooth muscle cells and cardiomyocytes and suppress the aldosterone secretion, therefore 
alleviating the ventricular remodeling in AMI patients.13–17

NT-proBNP is a long amino acid peptide chain secreted in case of heart failure, and it has been employed for 
the diagnosis of heart failure.18 The significant increase or decrease of serum NT-proBNP level also predicts the 
elevated risk of sudden death and hospitalization.19 6MWT is a common clinical examination for the systematic 
quantitative assessment of cardiac function and tolerance to activities in patients with myocardial infarction and 
heart failure, and it can also be used to predict the prognosis of patients with cardiovascular disease.20 HCY is an 
important risk factor for myocardial infarction, cerebral infarction, heart failure, hypertension and other diseases. 
Studies have shown that HCY mainly mediates oxidative stress by increasing the synthesis of oxygen free radicals 
in cells, causing damage to the heart, which further increases the incidence of heart failure after myocardial 
infarction.21 CysC is a marker of inflammation. It can activate the cysteine protease to cause damage to the 
cardiovascular endothelial cells, which not only aggravates coronary atherosclerosis and causes myocardial 
ischemia, but also lead to collagen deposition in the myocardial interstitium, therefore inducing ventricular 
remodeling and heart failure.22

This study investigated the effects of Entresto on the cardiac prognosis and ventricular remodeling of AMI 
patients after primary PCI. Our findings may provide evidence on the safe use of Entresto in clinical practice. Our 
results showed the LVEDS, LVEDD and serum NT-proBNP level in the control group were significantly higher 
than in the treatment group, the LVEF and increase in the distance on 6MWT were markedly lower than in the 
treatment group. These findings indicate that Entresto may further improve the cardiac function of AMI patients 
after primary PCI, and the ability of Entresto to prevent and reverse ventricular remodeling is superior to 
traditional ACEI/ARB (such as irbesartan). In addition, the new risk factors of cardiovascular diseases (serum 
HCY and CysC levels) were detected in these patients before and after pharmacotherapy. Our results further 
indicated that Entresto alleviated the oxidative stress and inflammation in AMI patients after primary PCI. In view 
of overall prognosis, the incidence of MACE in the control group was markedly higher than in the treatment 

Table 5 MACE in Two Groups After 3-Month Follow-Up

Group n Recurrent 
AMI

UA malignant 
Arrhythmia

Repeat 
Revascularization

Rehospitalization Due 
to Heart Failure

Cardiac 
Death

Total

Treatment 39 0 (0) 1 

(2.5)

0 (0) 0 (0) 1 (2.5) 0 (0) 2 (5)

Control 39 1 (2.5) 2 
(5.1)

2 (5.1) 1 (2.5) 3 (7.9) 0 (0) 9 (23.1)

χ2 – – – – – – 5.186
P – – – – – – 0.023
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group. This suggests that Entresto after primary PCI may improve the prognosis of AMI patients and other 
endpoint outcomes (such as death and recurrence).

Taken together, as compared to irbesartan, Entresto is more effective to improve the cardiac function and prevent/ 
reverse ventricular remodeling in AMI patients, and further optimize the clinical efficacy of primary PCI.

Conclusion
Compared with irbesartan, Entresto can further improve the cardiac function, prevent ventricular remodeling, and further 
optimize the clinical efficacy of PCI in AMI patients.

Disclosure
The authors report no conflicts of interest in this work.
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