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Short-term efficacy of angiotensin G

receptor-neprilysin inhibitor treatment

in patients with ST-segment elevation
myocardial infarction with reduced ejection
fraction after primary percutaneous coronary
intervention: a propensity score matching study
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Abstract

Background: Acute myocardial infarction (AMI) causes a series of pathophysiological changes, including myocar-
dial necrosis, myocardial edema, and microvascular damage. These changes eventually lead to severe cardiovascu-
lar events, such as ventricular remodeling, heart failure, and papillary dysfunction. Impaired cardiac function after
ST-segment elevation myocardial infarction (STEMI) often manifests as a decrease in left ventricular ejection fraction
(LVEF). Clinical trials have shown that angiotensin receptor-neprilysin inhibitor (ARNI) treatment has the potential to
improve LVEF in patients with STEMI after primary percutaneous coronary intervention (PPCI).

Objective: The purpose of this study was to evaluate the short-term efficacy of ARNI versus angiotensin-converting
enzyme inhibitor (ACEI) treatment in patients with STEMI who exhibit reduced LVEF after PPCI.

Methods: A total of 169 patients with STEMI exhibiting post-PPCI LVEF below 50% who were orally treated with
ARNI between December 2017 and August 2020 were selected as the experimental group. A total of 136 patients
with STEMI exhibiting post-PPCI LVEF below 50% who were orally treated with an ACEl between January 2016 and
August 2020 were selected as the control group. LVEF was measured using cardiac ultrasonography during hospi-
talization and 3 months after discharge. Linear and logistic regression analyses were performed to compare patient
demographics and hospitalization variables to evaluate the risk factors for change and rate of improvement in LVEF.
Propensity score matching (PSM) was used to account for confounding factors.

Results: After PSM, the study cohort consisted of 81 patients in the ARNI group and 123 in the ACEIl group. After an
average follow-up period of 3 months, no significant difference was noted in the LVEF improvement rate between
the experimental and control groups (P=0.475, 95% Cl: -0.062 to 0.134). Multivariate logistic regression analysis also
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exhibiting reduced LVEF after PPCI (P> 0.05).

LVEF after PPCl is not superior to that of ACEl treatment.

indicated no significant correlation between the change in LVEF and oral ARNI treatment in patients with STEMI
Conclusion: The short-term effect of ARNI treatment on the cardiac function of patients with STEMI and reduced

Keywords: Ventricular remodeling, ST-segment elevation myocardial infarction, Angiotensin receptor-neprilysin
inhibitor, Angiotensin-converting enzyme inhibitor, Primary percutaneous coronary intervention

Introduction

Sacubitril-valsartan is an angiotensin receptor-
neprilysin inhibitor (ARNI) with the dual actions of
inhibiting enkephalinase and antagonizing angio-
tensin receptors [1]. On the one hand, valsartan can
inhibit the renin-angiotensin—aldosterone system,
reduce cardiac load, relax blood vessels, and delay or
reverse ventricular remodeling. On the other hand,
the ARNI can improve myocardial remodeling, diu-
resis, and sodium excretion by enhancing the natriu-
retic peptide system through the action of sacubitril
[1, 2]. Since the development of primary percutane-
ous coronary intervention (PPCI), the treatment suc-
cess rate for acute myocardial infarction (AMI) has
been greatly improved; however, the prevention of
heart failure (HF) after AMI is still worthy of clini-
cians’ attention.

AMI can cause severe damage to heart function,
affecting the daily activities of patients and creat-
ing a burden on society [3]. Patients with HF after
AMI still have a high mortality rate even with angi-
otensin-converting enzyme inhibitor (ACEI) treat-
ment. ARNI can improve myocardial remodeling by
preventing cardiomyocyte death, hypertrophy, and
cardiomyocyte contraction [4, 5]. Previous stud-
ies have demonstrated the potential advantages of
ARNI in the treatment of AMI [6, 7]. ARNI has a
direct protective effect on the myocardium after
MI, andis more effective than ACEIs in inhibiting
left ventricular remodeling [8]. Animal experiments
show that, compared with ACEI drugs, ARNI can
better reverse myocardial remodeling after AMI
and improve other indicators such as the left atmos-
pheric volume index [9] and left ventricular ejec-
tion fraction (LVEF) [4].

At present, few relevant clinical trials have focused
on the therapeutic efficacy of ARNI and ACEIs for
patients with STEMI after PPCI. Therefore, it is nec-
essary to evaluate the efficacy of ARNI and ACEIs in
the treatment of patients with STEMI. In this study,
we retrospectively analysed the short-term effect of
oral ARNI vs. ACEI treatment on STEMI patients with
reduced LVEF after PPCI.

Materials and methods

Subjects

In this retrospective analysis, we utilized data from 305
patients with STEMI who exhibited reduced LVEF after
PPCI. A total of 136 patients treated with oral ARNI
during hospitalization at Qilu Hospital of Shandong
University (Jinan, Shandong Province, China) between
December 2017 and August 2020 were selected as the
experimental group. A total of 169 patients who had
been orally treated with ACEIs, such as perindopril and
benazepril, at the same hospital between January 2016
and August 2020 were selected as the control group.
Patients were followed up for an average of 3 months.

Inclusion and exclusion criteria

The inclusion criteria for patients were as follows: (1)
meeting STEMI diagnostic criteria; (2) classification
as type 1 MI; (3) LVEF <50%; and (4) undergoing PPCI
treatment.

The exclusion criteria for patients were as follows: (1) a
history of drug allergies and contraindications; (2) severe
impairment of liver and kidney function; (3) systolic
blood pressure <90 mmHg; (4) diagnosis of a mental dis-
order and inability to cooperate; and (5) hyperkalaemia
and malignant tumors.

Definition

The diagnostic criteria of STEMI are as follows: (1) typi-
cal manifestations of ischemic chest pain; (2) electrocar-
diogram-detected hyperacute T-waves with (typically
arcuate dorsal) ST-segment elevation and mirrored ST-
segment depression of corresponding leads; (3) troponin
positivity; and (4) imaging evidence of coronary angiog-
raphy [10].

Selection of baseline characteristics

The following variables were selected for analysis:
demographic data (including age and sex); comorbidi-
ties (including diabetes and hypertension); smoking and
drinking history; LVEF and medication during hospi-
talization; and self-reported history of diabetes, fast-
ing blood glucose >7.0 mmol/], and insulin and/or oral
hypoglycemic drugs [11]. Last, we recorded patients’
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self-reported medical histories of antihypertensive drug
use, the average of two resting systolic blood pressure
readings > 140 mm Hg, and/or the average of two dias-
tolic blood pressure readings > 90 mm Hg [12].

Follow-up plan

Follow-up patient information was obtained by outpa-
tient contact via telephone and other means. The average
follow-up time was 3 months. The follow-up data col-
lected mainly comprised LVEF measurements.

Clinical outcome

The main variables measured in each group were the
change and improvement rate in LVEFE. The change in
LVEF was calculated as follows:

LVEFchange = LVEFfollow—up - LVEFHospimlization

The LVEF improvement rate was subsequently calcu-
lated as follows:

LVEF change

L VEFHospimlization

LVEF improvementrate =

Propensity score matching

We performed propensity score matching (PSM)
between the experimental and control groups to con-
trol for bias and minimize the effect of confounding fac-
tors. Matching covariates consisted of sex, age, diabetes,
hypertension, smoking and drinking history, and medica-
tion during hospitalization. A 1:2 matching protocol with
a greedy matching algorithm was used, and the caliper
width of the logit standard deviation of the propensity
score was 0.05.

Statistical analyses

A multiple-interpolation method was used first to process
missing data for continuous and binary variables. Categor-
ical data are presented as percentiles, whereas continuous
variables with normal and nonnormal distributions are
presented as the mean=+standard deviation and median
(interquartile range), respectively. The chi-squared test and
Fisher’s exact test were used to compare categorical data
between the groups, and the nonparametric Mann—Whit-
ney U test and independent sample Student’s ¢ fest were
used to compare continuously distributed data between
the groups. Linear and logistic regression models were
constructed to screen the risk factors for LVEF improve-
ment rate and change, respectively. Multivariate logistic
regression models were used to estimate the odds ratio
and 95% confidence interval to determine any association
between LVEF (change) and risk factors.
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Results

Baseline characteristics

The clinical characteristics of the 305 patients with
STEMI monitored in this study are listed in Table 1.
Patients were nonhomogenous across multiple vari-
ables. However, no significant difference in variables
other than age and gender was noted between the con-
trol and experimental groups. After PSM, the cohort
consisted of 81 patients in the ARNI group and 123 in
the ACEI group (Supplemental Fig. 1). No significant
difference was found across all variables. The bar chart
of categorical data is shown in Fig. 1. The violin plot of
the LVEF (improvement rate) is shown in Fig. 2.

Linear regression analysis

For linear regression analysis, LVEF (improvement rate)
was selected as the dependent variable. Demographic
data (including age and sex), comorbidities (includ-
ing diabetes and hypertension), smoking and drinking
history, and medication during hospitalization were
selected as independent variables. After an average
follow-up period of 3 months, there was no signifi-
cant difference in LVEF (improvement rate) between
the experimental and control groups (P=0.348, 95%
CI: -0.053 to 0.149). The PSM results also showed
that, after the three-month follow-up period, there
was no significant difference in LVEF (improvement
rate) between the experimental and control groups
(P=0.475, 95% CI: -0.062 to 0.134). In addition, no sig-
nificant correlation was found between any other vari-
able and LVEF (improvement rate). The tolerance was
greater than 0.1, and the variance inflation factor was
less than 10, indicating an absence of multicollinearity
(Tables 2 and 3).

Multivariate logistic regression analysis

For multivariate logistic regression analysis, LVEF
(change) was selected as the dependent variable. Demo-
graphic data (including age and sex), comorbidities
(including diabetes and hypertension), smoking and
drinking history, and medication during hospitalization
were selected as independent variables. Both multivari-
ate logistic regression analysis and PSM results indi-
cated no significant correlation between LVEF (change)
and oral ARNI treatment in patients with STEMI and
reduced LVEF after PPCI (P> 0.05). The P value of the
likelihood ratio test of the multivariate logistic regres-
sion model was 0.040. The goodness-of-fit was 1.00,
indicating that the model had a good degree of fit (Sup-
plemental Table 1 and Supplemental Table 2).
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Table 1 The demographics and clinical characteristics of the subjects
Primary cohort PSM cohort
Experimental Group Control Group B Pvalue Experimental Group Control Group B Pvalue
N 136 169 81 123
Age (years), M (P25, P75)  60(53,66) 69(64,72) -8983  <0.001 66(61,68) 66(63,70) -2.225 0.026
Sex 9.885 0.002 0.014  0.905
Male, n(%) 81(59.6) 129(76.3) 56(69.1) 86(69.9)
Female, n(%) 55(40.4) 40(23.7) 25(30.9) 37(30.1)
Hypertension, n(%) 2.966 0.085 0.035 0.851
Yes 72(52.9) 106(62.7) 47(58) 73(59.3)
No 64(47.1) 63(37.3) 34(42) 50(40.7)
Diabetes, n(%) 2.044 0.153 0137 0712
Yes 43(31.6) 41(24.3) 25(30.9) 3528.5)
No 93(68.4) 128(75.7) 56(69.1) 88(71.5)
Smoking history, n(%) 1.741 0419 2278 0320
No smoking 74(54.4) 80(47.3) 39(48.1) 55(44.7)
Quit smoking 24(17.6) 31(18.3) 18(22.2) 20(16.3)
Still smoking 38(27.9) 58(34.3) 24(29.6) 48(39)
Drinking history, n(%) 2.990 0224 2843 0241
No drinking 75(55.1) 77(45.6) 46(56.8) 59(48)
Quit drinking 7(5.1) 13(7.7) 3(3.7) 11(8.9)
Still drinking 54(39.7) 79(46.7) 32(39.5) 53(43.1)
NT-proBNP, M (P25, P75)  1370(656.13,2681) 1519(703.9,2920) -0.696 0486 1571 (803.2,2752) 1551 (7752749)  -0.175 0.861
CTNI, M (P25, P75) 229.98(42.56,1877.78)  469.99(20.76,4719.5) -1.033 0.302 2234 (40.72) 71452 (19.3,4894) -1.582 0.114
{3 Receptor blocker, n(%) 0.554 0457 2831 0.092
Yes 125(91.9) 159(94.1) 71(87.7) 116(94.3)
No 11(8.1) 10(5.9) 10(12.3) 7(5.7)
Spironolactone, n(%) 1.116 0.291 0.188 0.665
Yes 100(73.5) 133(78.7) 64(79) 94(76.4)
No 36(26.5) 36(21.3) 17(21) 29(23.6)
Statins, n(%) 0.088 0.767 0.105 0.746
Yes 132(97.1) 163(96.4) 79(97.5) 119(96.7)
No 4(2.9) 6(3.6) 2(2.5) 4(3.3)
LVEF(during hospitaliza-  0.33(0.28,0.38) 0.34(0.29,04) -1.180 0.238 0.35(0.3,0.39) 0.33(0.29,04) -0.217 0.828
tion), M (P25, P75)
LVEF(follow-up), M (P25, 0.41(0.37,0.46) 0.4(0.36,0.44) -3.102 0.002 0.4 (0.36,0.46) 04 (0.36,0.44) -0.817 0414
P75)
LVEF(change), n(%) 0.213 0.899 5782 0.056
Lower 46(33.8) 53(314) 37(45.7) 36(29.3)
Unchanged 6(4.4) 8(4.7) 3(3.7) 7(5.7)
Higher 84(61.8) 108(63.9) 41(50.6) 80(65)
LVEF(Improvement rate), 0.26 (-0.03,0.62) 0.11(-0.03,0.39) -2.513 0.012 0.027 (-0.05,0.55) 0.114(-0.03,039) -0.124 0.902
M (P25, P75)
Discussion STEMlI is one of the leading causes of death worldwide,

The lack of a significant difference in the short-term
effects between ARNI and ACEIs on LVEF may be
related to the small sample size of this study. No
adverse effects or deaths were recorded among patients
treated with ARNI during the 3-month follow-up.

and PPCI is recommended for STEMI [13]. Randomized
controlled trials have shown that PPCI reduces recurrent
MI and mortality more than thrombolytic therapy and
significantly reduces the incidence of major in-hospital
complications in patients with STEMI [14]. However,
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the latest data suggest that the incidence of in-hospital
complications remains approximately 10% [15]. Tim-
ing plays a crucial role in ischemia—reperfusion therapy
for patients with STEMI. Ideally, the time between first
medical contact and PCI should not exceed 60 min,
with 90 min as the upper limit [16]. However, because

of various time-consuming logistical issues, varying
degrees of expertise between doctors, and differences
in medical equipment between hospitals, the benefits of
PPCI are resticted and intravenous thrombolysis is still
a preferred treatment for patients with acute STEMI in
some regions. [14, 17]. Furthermore, other effort has also
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Table 2 The Linear regression analysis of Primary cohort
Variable B SE Beta t P 95%CI VIF
ARNI 0.048 0.051 0.069 0.94 0.348 -0.053-0.149 1.088
Age -0.005 0.004 -0.096 -1.254 0212 -0.013-0.003 1.186
Sex
Male Ref
Female 0.1 0.059 0.136 1.704 0.09 -0.016-0.217 1.281
Hypertension
Yes 0.008 0.05 0.012 0.162 0.871 -0.091-0.107 1.059
No Ref
Diabetes
Yes -0.086 0.053 -0.115 -1.605 0.1 -0.191-0.02 1.035
No Ref
Smoking history
No smoking Ref
Quit smoking 0.063 0.07 0.072 0.893 0373 -0.076-0.201 1.299
Still smoking 0.072 0.059 0.101 1.228 0.221 -0.044-0.187 1.365
Drinking history
No drinking Ref
Quit drinking 0.125 0.1 0.093 1.252 0212 -0.072-0.322 1.109
Still drinking 0.027 0.052 0.039 0522 0.602 -0.075-0.129 1133
NT-proBNP <-0.001 0 -0.046 -0.624 0.534 0 1.1
CTNI <0.001 0 0.061 0.82 0413 0 1.097
{3 Receptor blocker
Yes 0.062 0.09 0.051 0.694 0489 -0.115-0.24 1.079
No Ref
Spironolactone
Yes -0.079 0.059 -0.097 -1.341 0.182 -0.195-0.037 1.052
No Ref
Statins
Yes 0.043 0.146 0.021 0.295 0.768 -0.245-0.331 1.063
No Ref

been devoted to improve the prognosis of AMI patients
such as the CardioMEMS"™ system, left ventricular assist
devices, etc. Expectedly, more AMI patients should sur-
vive with the help of these new monitoring and support-
ing devices [18, 19].

HF is a severe complication associated with STEMI
[20]. Left ventricular remodeling plays an important
role in the occurrence of HF, and reversing this process
has been shown to improve the patient’s prognosis [21].
Successful and timely PPCI limits the infarct size and
reduces the incidence of HF. However, even with suc-
cessful and timely PPCI, the incidence of left ventricular
dysfunction in patients with STEMI remains high [22].
Clinical trials have shown that the important predictors
of left ventricular remodeling are myocardial perfusion
grade, symptom-to-portal time, and symptom-to-balloon
time [23]. To some extent, PPCI is linked to the occur-
rence of ischemia-reperfusion injury [24]. In addition,

it can lead to unpredictable no-reflow phenomenon and
microvascular occlusion syndrome [25].It is crucial to
limit the severity of MI, delay ventricular remodeling,
and reduce the occurrence of HF after MI [26]. After MI,
the burden on viable cardiomyocytes increases, leading
to structural changes in the ventricle, formation of myo-
cardial collagen scarring and myocardial fibrosis, and
ultimately myocardial remodeling. Various mechanisms
contribute to the development of myocardial remodeling
[27]. Although ACEIs have become the standard treat-
ment for chronic HF and the reversal of cardiac remod-
eling after AMI, Rathod et al. [28] found that enalapril
did not improve patient survival rates after MI, whereas
ARNI significantly improved the survival rate of patients
with AML Increased soluble neprilysin in patients with
LVEF <40% may be associated with a higher risk of all-
cause death suggesting the potential beneficial effects of
ARNI on AMI patients [29]. At present, PCI, CABG, and



Zhang et al. BMC Cardiovascular Disorders (2022) 22:463 Page 7 of 9
Table 3 The Linear regression analysis of PSM cohort
Variable B SE Beta t P 95%CI VIF
ARNI 0.036 0.05 0.048 0.715 0475 -0.062-0.134 1432
Age -0.01 0.003 -0.223 -3.308 0.001 -0.015-0.004 1.443
Sex
Male Ref
Female 0.068 0.049 0.085 1377 0.169 -0.029-0.165 1211
Hypertension
Yes 0.013 0.043 0.017 0.298 0.766 -0.072-0.097 1.049
No Ref
Diabetes
Yes 0.013 0.043 0.017 0.298 0.766 -0.158-0.028 1.049
No Ref
Smoking history
No smoking Ref
Quit smoking 0.015 0.059 0.016 0.252 0.801 -0.102-0.132 1222
Still smoking 0.02 0.052 0.026 0.393 0.695 -0.081-0.122 1.343
Drinking history
No drinking Ref
Quit drinking 0.053 0.088 0.035 0.602 0.548 -0.12-0.225 1.098
Still drinking 0.034 0.044 0.046 0.783 0434 -0.052-0.121 1112
NT-proBNP <-0.001 0 -0.055 -0.942 0.347 0 1.084
CTNI <-0.001 0 -0.039 -0.686 0493 0 1.048
{3 Receptor blocker
Yes -0.008 0.083 -0.006 -0.1 0.92 -0.173-0.156 1.043
No Ref
Spironolactone
Yes -0.055 0.05 -0.063 -1.094 0.275 -0.154-0.044 1.063
No Ref
Statins
Yes 0.034 0.119 0.016 0.284 0.776 -0.201-0.269 1.055
No Ref

thrombolytic therapy are the primary methods of treat-
ing myocardial ischemia-reperfusion injury. Based on
the statistical results of this study, the LVEF of patients
treated with ARNI increased to a certain extent, indicat-
ing that ARNI improved cardiac function and delayed
myocardial remodeling, but did not differ significantly
from that of the patients treated with ACEIs.

The present study has two main limitations. First, the
sample size of this trial was relatively small. Therefore,
future studies on the effect of ARNI treatment in patients
with STEMI should incorporate larger sample sizes. Sec-
ond, this study used relatively few variables to evaluate
ventricular remodeling, which could have influenced our
results.

In conclusion, in patients with STEMI and reduced
LVEF, no significant difference was noted in the short-
term improvement of cardiac function with ARNI vs.
ACEI therapies. These results are of great significance

to the future treatment of STEMI, serving as a reference
point for the clinical application of ARNI.
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