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Abstract: 

Background: To compare the effect of sacubitril/valsartan with benalapril on left ventricular remodeling in 
patients with acute myocardial infarction. 

Materials and Methods: 85 patients with acute ST segment elevation myocardial infarction who were treated 

with PCI in the Second Affiliated Hospital of Tianjin Medical University. The patients were randomly divided into 
two groups: the experimental group (sacubitril/valsartan, 25-100mg/d, BID) and the control group (benalapril, 5-
10mg, QD). Color Doppler echocardiography was performed after 1 month and 3 months respectively, 
interventricular septal thickness, septal motion amplitude, left ventricular end diastolic diameter, left ventricular 
end systolic diameter, posterior wall thickness, posterior wall motion amplitude, LVEF, left ventricular weight, 
left ventricular weight index, NT Pro-BNP, gender, height, weight, body surface area were collected. In order to 
evaluate the influencing factors in the process of ventricular remodeling, binary multivariate logistic regression 
analysis was carried out for the indicators with statistical differences in the conclusions of the above control study. 

Subgroup analysis was carried out and the samples were divided into four subgroups according to gender,age, 
initial ejection fraction . 

Results: one month after the treatment of sacubitril/valsartan or benalapril, only the left ventricular end systolic 
diameter was statistically different between the two groups (P < 0.05), and the other indexes were not statistically 
different. Three months after treatment with sacubitril/valsartan or benalapril, there were statistical differences in 
the indexes related to myocardial remodeling between the two groups (P < 0.05). The results of multivariate 
logistic analysis showed that the index of left ventricular end systolic diameter was statistically significant 
(or=0.006, 95% CI: 0.733-0.981). Acute myocardial infarction whose LVEF is less than 50%, show 

sacubitril/valsartan is better than traditional ACEI.  

Conclusion: sacubitril/valsartan Compared with benalapril is better on left ventricular remodeling in patients 
with ST segment elevation acute myocardial infarction. 
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Introduction 

Chronic heart failure is the end stage of many cardiovascular diseases. 

Development of the HF phenotype in these patients arise from a complex, 
progressive, molecular and cellular transformation references “ventricular 
remodeling”, includes dilation of the ventricle, the formation of scar and 
geometrical charges in the overall left ventricle(LV) shape (i e, ellipsoid 
to more spherical) and is driven, in part by neurohormonal pathways. Left 
ventricular remodeling is characterized by a progressive increase in both 
end-diastolic (LVEDV) and end-systolic volumes (LVESV). The increase 
in LVESV can precede the increase in LVEDV, as a consequence of an 

impaired systolic function that causes a reduction in stroke volume. Post 
infarct remodeling is a specific type of left ventricular remodeling that is 
a consequence of an increase in both preload and afterload causing an 
enlargement of ventricular chamber and a hypertrophy of normal 
myocardium.  

The over reaction of renin-angiotensin aldosterone system (RAAS) is an 
important driving factor. Anggiotensin II (Ang II) can promote the 
occurrence and development of ventricular remodeling in patients with 
cardiac insufficiency. As a compound preparation, sacubitrial/valsartan 
can inhibit the hydrolysis of brain natriuretic peptide and the biological 
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activity of angiotensin-II, antagonize the over activation of 

neuroendocrine system, and finally achieve the effect of vasodilation, 
inhibition of ventricular remodeling and reduction of heart burden,The 
inhibition of brain natriuretic peptidase and the increase of natriuretic 
peptide level by sacubitril/valsartan (ARNI) is an important means to treat 
heart failure and fight against ventricular remodeling and the inhibition of 
RAAS system over activation is also of great significance to delay 
myocardial remodeling. The synergistic effect of the two mechanisms can 
significantly improve the therapeutic effect. 

The purpose of this study is to explore the improvement of myocardial 
remodeling in patients with acute myocardial infarction after short-term 
treatment and long-term treatment by combining with traditional ACEI 
drugs. 

Subjects and methods 

Research subjects 

85 patients with acute ST segment elevation myocardial infarction were 
enrolled who were treated with PCI in the Second Affiliated Hospital of 
Tianjin Medical University, the patients were randomly divided into two 

groups: the experimental group (ARNI 25mg-100mg; BID) and the 
protocol group (benalapril, 5-10mg; QD).  
Inclusion/Exclusion criteria were according to the 2013 ACCF/AHA 
guideline for the management of ST-elexation myocardial 
infarction:executive summary: a report of the American college of 
cardiology foundation/American heart Association Task Force on 
Practice guideline. 

Study methods 

Gender,height, weight, body surface area, NT Pro- BNP were collected 
respectively, interventricular septal thickness, septal motion amplitude, 
left ventricular end diastolic diameter, left ventricular end systolic 
diameter, posterior wall thickness, posterior wall motion amplitude, 
LVEF, left ventricular weight, left ventricular weight index and were 
collected respectively using Color Doppler echocardiography after 

myocardial infarction 1 month and 3 months respectively.  

Clinical data analysis 

The clinical data of the subjects were collected and analyzed: first, the 
basic information of the patients, such as gender, height, weight, body 
surface area and other indicators were analyzed to ensure that there is no 
difference in the basic information of randomly enrolled patients. In 
addition, NT Pro-BNP, interventricular septal thickness, septal motion 

amplitude, left ventricular end diastolic diameter, left ventricular end 
systolic diameter, posterior wall thickness, posterior wall motion 
amplitude, LVEF, left ventricular weight, left ventricular weight index 
were analyzed. In order to evaluate the influencing factors in the process 
of ventricular remodeling, binary multivariate logistic regression analysis 
was carried out for the indicators with statistical differences in the 
conclusions of the above control study and the OR value was calculated. 
Sub group analysis was carried out and the samples were divided into 

three subgroups according to sex, age, initial ejection fraction. The 
intervention effect of ARNI on ventricular remodeling in different 
populations were studied. 

Statistical methods 

SPSS 21.0 software was used to analyze the clinical and examination data.  

Measurement data was expressed as mean ± standard deviation and T test 
was used for comparison between groups. P < 0.05 was statistically 
significant. Logistic regression analysis was used to analyze the 
statistically significant parameter, P < 0.05 was statistically significant. 

Results 

85 patients with acute ST segment elevation myocardial infarction who 
were treated with PPCI in the Second Affiliated Hospital of Tianjin 
Medical University. The patients were randomly divided into two groups: 
the experimental group (sacubitril/valsartan), there were 34 males and 14 
females and the control group (Benalapril). There were 27 males and 10 
females. Average ages is 68.6±12.6 years old. 
After 1 month of treatment, there was a significant difference in the end 
systolic diameter between the two groups (P < 0.05). There was no 

statistical significance in other clinical data, and there was no significant 
difference between the two treatments.Table 1 

 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 

Table 1: Comparison between Experimental group and control groups after 1 month of treatment. 

Three months after treatment with sacubitril/valsartan or benalapril, there 
were statistical differences in the indexes related to myocardial 

remodeling between the two groups (P < 0.05). Three months after 

treatment, the indexes of myocardial remodeling in the experimental 
group were better than those in the benalapril group.Table 2 

 
 
 
 
 

Item Experimental group Control group T P 

NT-pro-BNP 1560.231304.25 1732.951612.93 0.391 0.698 

Interventricular septal 
thickness 

9.281.77 9.612.27 0.541 0.592 

Range of septal motion 7.163.17 6.412.97 0.816 0.419 

Left ventricular end 

diastolic diameter 
52.976.76 55.796.46 1.411 0.166 

Left ventricular end 
systolic diameter 

35.9012.85 45.508.55 2.919 0.006 

Back wall thickness 9.211.69 9.511.50 0.623 0.536 

Back wall motion 
mplitude 

8.313.26 6.662.34 1.929 0.061 

Left ventricular weight 49.1814.00 41.6814.36 1.754 0.087 

Left ventricular mass 

index 
1890.48674.66 2031.47536.22 0.767 0.447 
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Item Experimental group Control group T P 

NT-pro-BNP 1044.44938.18 2672.73525.73 1.182 0.256 

Interventricular septal thickness 8.651.89 9.531.53 1.416 0.168 

Range of septal motion 8.582.58 5.572.56 3.195 0.003 

Left ventricular end diastolic diameter 50.192.80 56.216.58 3.351 0.002 

Left ventricular end systolic diameter 30.458.80 44.859.53 4.363 0.000 

Back wall thickness 9.081.36 9.141.80 0.112 0.912 

Back wall motion amplitude 9.961.80 7.622.45 3.000 0.006 

Left ventricular weight 54.8159.90 42.1315.35 2.713 0.012 

Left ventricular mass index 1690.02435.88 1912.55550.69 1.242 0.225 

Table 2: Comparison between Experimental group and control groups after 3 months of treatment 

For acute myocardial infarction patients with LVEF ≤ 50%, the treatment 
of ARNI is more effective than that of traditional drugs. For the patients 
with low left ventricular ejection fraction (LVEF ≤ 50%), most of them 
are anterior myocardial infarction, with large infarct area and serious 
myocardial damage. The cardiac function and structure were obviously 
abnormal. In the treatment, ARNI is better than traditional medicine. For 

the patients with higher left ventricular ejection fraction (LVEF > 50%), 
most of them are inferior myocardial infarction. The left ventricular 
function and structure of the patients are not seriously damaged and there 
is no evidence of cardiac dysfunction. After the treatment of two drugs, 
there was no obvious abnormality in the indexes of myocardial 
remodeling in this group.Table 3 

Item Experimental group Control group T P 

NT-pro-BNP 967.80707.41 3019.73606.46 0.740 0.472 

Interventricular septal thickness 8.191.91 8.961.44 0.798 0.438 

Range of septal motion 8.602.59 4.672.02 3.319 0.005 

Left ventricular end diastolic diameter 49.502.63 58.255.38 3.409 0.004 

Left ventricular end systolic diameter 35.622.29 47.748.74 3.001 0.010 

Back wall thickness 8.821.28 8.971.47 0.200 0.844 

Back wall motion amplitude 10.241.12 7.142.54 2.583 0.022 

Left ventricular weight 1547.74403.07 1962.06606.74 1.381 0.189 

Left ventricular mass index 926.46190.97 1197.90457.34 1.259 0.229 

Table 3: Comparison between Experimental group and control groups of patients with low left ventricular ejection fraction 

The indexes with statistical differences, such as the amplitude of 

interventricular septal motion, the end diastolic diameter of left ventricle, 
the end systolic diameter of left ventricle, the amplitude of posterior wall 
motion and LVEF, were analyzed by logistic regression.The results of 

multivariate logistic analysis showed that the index of left ventricular end 

systolic diameter was statistically significant or=0.006 (95% CI: 0.733-
0.981), Left ventricular end diastolic diameter was dependently risk of 
remodeling.Table 4 

 

Item B X2 P OR(95%CI) 

Range of motion of interval -0.223 1.977 0.160 0.800（0.587-1.092） 

Left ventricular end diastolic diameter 0.100 1.181 0.277 0.166（0.923-1.322） 

Left ventricular end systolic diameter -0.165 4.909 0.027 0.006（0.733-0.981） 

Back wall motion amplitude 0.161 1.342 0.247 0.061（0.895-1.542） 

LVEF  0.004 0.014 0.905 0.087（0.942-1.070） 

Table 4: multivariate logistic regression analysis 

Discussion 

Left ventricular remodeling is characterized by a progressive increase in 
both end-diastolic (LVEDV) and end-systolic volumes (LVESV). The 
increase in preload is sustained by the phenomenon of infarct expansion, 
which is an enlargement of infarct scar. This causes a segmental increase 
in the ventricular volume subtended by the expanded infarcted myocardial 
wall. In infarcted myocardium, ventricular contraction is not symmetrical, 
because the necrotic segments have lost their contractility. As a result, the 
force generated by the normal remote myocardium during contraction is 
not counterbalanced by an equal and opposite force, the infarcted 

ventricular wall is thus stretched by an increased wall tension that is not 
homogeneously distributed in the left ventricle [1]. Infarcted wall usually 
has longer contraction times than the healthy myocardium. This wall 
motion defect has been recognized as a risk factor for the development of 
remodeling, and it can be assessed with echocardiography or cine CMR 
to maintain a normal stoke volume with a reduced number of normally 

working myocardial segments, the healthy myocardium has to produce a 
greater pressure[2,3]. The increase in afterload on healthy myocardium 
causes a hypertrophy of cardiomyocytes. In post infarct ventricular 
remodeling, hypertrophic cardiomyocytes are longer than normal cardiac 
cells. Post infarct ventricular remodeling was characterized by a 

lengthening of cardiomyocytes especially in the area surrounding the 
infarct scar, but also in remote myocardium. This type of ventricular 
hypertrophy has been termed eccentric and contributes to the worsening 
of ventricular dilatation during remodeling [4, 5].Cardiac hypertrophy 
that occurs during post infarct remodeling is accompanied by an increase 
in extracellular matrix, which is mainly constituted by collagen. The 
results are due to an increased activity of cardiac fibroblasts in response 
to different soluble fibrogenic mediators, such as transforming growth 

factor-II (TGF-II) and systemic and local activation of renin-angiotensin 
aldosterone system (RAAS). The mediators of the RAAS that promote 
ventricular remodeling are angiotensin II and aldosterone. Remodeling is 
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a pathologic process that involves the entire ventricle, leading to a change 

in its global structure. There are two types of causes of remodeling: 
mechanical and biochemical. While mechanical causes, as previously 
described, are an increase in both preload and afterload, biochemical 
causes are linked to the production of soluble mediators capable of 
promoting ventricular remodeling. antimyocardial remodeling therapy is 
very important for improving the prognosis of patients with myocardial 
infarction. The over reaction of RAAS system is an important driving 
factor.  Angiotensin II can promote the occurrence and development of 

ventricular remodeling in patients with cardiac insufficiency [9]. 
Angiotensin II can not only promote cardiomyocyte hypertrophy and 
intercellular glial deposition, but also accelerate the process of 
cardiomyocyte apoptosis. Under the action of angiotensin II, c-myc, c-
jun, c-fos and other genes are highly expressed, which leads to the 
increase of fetal protein synthesis and cardiomyocyte proliferation. 
Angiotensin II can also promote the aggregation of inflammatory factors 
such as endothelin-1, tumor necrosis factor α, interleukin (IL) and other 

related inflammatory factors under the guidance of at-1r [10]. Through 
cell signal transduction,  angiotensin II can cause cardiac hypertrophy, 
apoptosis and myocardial fibrosis, and promote the process of ventricular 
remodeling.The increase of ventricular pressure can stimulate the 
production and release of natriuretic peptide, promote the excretion of 
water and sodium, reduce the myocardial pressure and slow down the 
process of myocardial remodeling[11]. ACEI and these effects play a key 
role in the process of myocardial remodeling. McMurray and others 

reports [12] showed that compared with the placebo group from the 
SOLVD-T study, the relative risk of cardiac end-point events in patients 
treated with ARNI was reduced by 43%, of which the cardiovascular 
mortality rate was reduced by 34%, the admission rate of heart failure was 
reduced by 49%, and the all-cause mortality rate was reduced by 28%. 

At present, the related researches mostly use LVEDV, LVESV, LEDVI, 
LVEF, LVM, LVMI and other indicators to evaluate the degree of 
myocardial remodeling [6, 7, 8]. The indexes of LVEDV, LVESV and 
LVM in patients with acute myocardial infarction increased significantly, 

while LVEF and LVMI decreased significantly. Therefore, the experience 
of myocardial remodeling in patients with acute myocardial infarction can 
be roughly described as follows: firstly, the compliance of myocardial 
necrosis with loss of blood supply is decreased, and at the same time, it is 
affected by intracardiac pressure. At present, there are few related 
experiments on the treatment of acute myocardial infarction patients with 
sacubitril/valsartan instead of ACEI / ARB [13, 14, 15]. In this study, we 
compared the changes of echocardiography related indexes between 

ACEI and sacubitril/valsartan in patients with acute myocardial infarction 
after 1 month and 3 months. Sacubitril/valsartan has therapeutic effect on 
myocardial remodeling in patients with acute myocardial infarction and 
can improve the prognosis of cardiac function in such patients, but the 
treatment time is relatively short (1 month). The therapeutic effect is not 
significantly different from that of traditional ACEI and only has 
advantages on the improvement of left ventricular end systolic diameter. 
However, after a long time (3 months) treatment, the therapeutic effect of 

sacubitril/valsartan is better than that of ACEI in the treatment of 
myocardial remodeling in patients with acute myocardial infarction. 
There were significant improvement effects on the parameters such as 
interventricular septal motion amplitude, left ventricular end diastolic 
diameter, left ventricular end systolic diameter, posterior wall motion 
amplitude, LVEF. It may be related to the increase of brain natriuretic 
peptide level. In the subgroup analysis of this study, Most of the patients 
with acute myocardial infarction whose LVEF is less than  50% are 

anterior wall myocardial infarction, with large infarct area and serious 
myocardial damage. The cardiac function and structure were obviously 
abnormal. After treated with sacubitril/valsartan is better than traditional 
medicine. Most of the patients with LVEF greater than 50% were inferior 
myocardial infarction. The left ventricular function and structure of the 

patients were not seriously damaged, and there was no evidence of cardiac 

insufficiency. After the treatment of two drugs, there was no obvious 
abnormality in the indexes of myocardial remodeling in two group. 

Apoptosis of cardiomyocytes is an important pathophysiological 
mechanism of cardiac dysfunction in patients with acute myocardial 
infarction. The high expression of Fas and FasL can be measured in 
cardiomyocytes of rats with acute myocardial infarction, indicating that 
cardiomyocytes can also suffer from Fas l cytotoxic effect. The 
upregulation of Fas and FasL expression is the initiation and mediating 

process of myocardial necrosis and related inflammatory reaction after 
acute myocardial infarction. Myocardial necrosis and remodeling are 
common in patients with acute myocardial infarction. Myocardial 
remodeling will greatly affect the quality of life and prognosis of patients 
with myocardial infarction. Therefore, anti-myocardial remodeling 
therapy is very important for improving the prognosis of patients with 
myocardial infarction [16, 17, 18]. 

As a compound preparation, sacubitril/valsartan can inhibit the hydrolysis 

of brain natriuretic peptide and the biological activity of angiotension-II, 
antagonize the over activation of neuroendocrine system, and finally 
achieve the effect of vasodilation, inhibition of ventricular remodeling 
and reduction of heart burden [19, 20]. 

There are still some shortcomings and many limitations exit in this study. 
First of all, the number of cases in this study is small, and the research 
results may be one-sided, which needs to be further studied by large 
samples and multi-centers. Secondly, most of the myocardial remodeling 

occurred in the patients with anterior myocardial infarction. In this study, 
the number of patients with anterior myocardial infarction was small, and 
the treatment effect of the patients with inferior myocardial infarction was 
negative in the comparative study, so there was a deviation in the 
evaluation of the therapeutic effect of sacubitril/valsartan. Finally, in this 
study, the dosage of sacubitril/valsartan did not fully comply with the 
guidelines and it was confirmed by experiments that the application of 4 
weeks can have beneficial effects on myocardial remodeling and is 
linearly related to the dosage of the drug.  
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