
Sacubitril/Valsartan Versus Valsartan in Elderly Patients With
Acute Myocardial Infarction and Hypertension: Effects on
Ventricular Remodeling and Short-term Prognosis After PCI: A
Prospective Randomized Controlled Study
Yong WANG 

The First People’s Hospital of Shangqiu
Zichang LIU 

The First People’s Hospital of Shangqiu
Xuesheng XU 

The First People’s Hospital of Shangqiu
Wenkun GE 

The First People’s Hospital of Shangqiu

Research Article

Keywords: Acute myocardial infarction, Sacubitril/valsartan, Ventricular remodeling, Hypertension, Percutaneous coronary
intervention

Posted Date: August 31st, 2026

DOI: https://doi.org/10.21203/rs.3.rs-10401751/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.   Read Full License

Additional Declarations: No competing interests reported.

Page 1/16

https://doi.org/10.21203/rs.3.rs-10401751/v1
https://doi.org/10.21203/rs.3.rs-10401751/v1
https://doi.org/10.21203/rs.3.rs-10401751/v1
https://creativecommons.org/licenses/by/4.0/


Abstract

Background
In older adults, acute myocardial infarction (AMI) complicated by hypertension promotes adverse ventricular remodeling,
impairs cardiac function, and increases the risk of unfavorable outcomes despite percutaneous coronary intervention (PCI).
Although renin–angiotensin–aldosterone system inhibition is central to post-AMI management, residual cardiovascular risk
remains. Whether early angiotensin receptor–neprilysin inhibition provides benefit in this high-risk population remains
insufficiently defined. This study compared the efficacy and safety of sacubitril/valsartan with valsartan in elderly patients with
AMI and hypertension after PCI.

Methods
This prospective, randomized, controlled trial enrolled 200 patients aged ≥ 65 years with AMI and hypertension who underwent
PCI. Within 24 hours after PCI, participants were randomly assigned to receive sacubitril/valsartan or valsartan and were
followed for 12 weeks. The primary outcome was the total effective rate, defined by improvement in left ventricular ejection
fraction (LVEF) or New York Heart Association functional class. Secondary outcomes included LVEF, left ventricular end-
diastolic diameter (LVEDD), inflammatory biomarkers, hypotension, and major adverse cardiovascular events (MACE).
Between-group comparisons were performed using independent-samples t tests, Mann–Whitney U tests, chi-square tests, or
Fisher’s exact tests, as appropriate. Repeated measures were evaluated using repeated-measures analysis of variance with
Greenhouse–Geisser and Bonferroni corrections when indicated, and time-to-event outcomes were assessed using Kaplan–
Meier analysis and the log-rank test.

Results
At 12 weeks, the total effective rate was significantly higher with sacubitril/valsartan than with valsartan (91% vs. 79%; P = 
0.017). Sacubitril/valsartan was associated with greater improvement in LVEF (46.50% vs. 42.22%; P < 0.001) and a smaller
LVEDD (49.25 vs. 49.91 mm; P = 0.028). Inflammatory biomarker levels were significantly lower in the sacubitril/valsartan
group. MACE occurred less frequently with sacubitril/valsartan (5.1% vs. 14.4%; P = 0.026), whereas hypotension rates did not
differ significantly between groups.

Conclusions
Early initiation of sacubitril/valsartan after PCI improved cardiac function, attenuated ventricular remodeling and systemic
inflammation, and reduced short-term MACE compared with valsartan, without a significant increase in hypotension. These
findings support further evaluation of early angiotensin receptor–neprilysin inhibition in this vulnerable population.

Trial registration:
This trial was registered on Chinese Clinical Trial Registry, ChiCTR2300074600; registration date: 10 August 2023. This trial
was retrospectively registered.

Introduction
Acute myocardial infarction (AMI) complicated by hypertension is common among older adults and is associated with a
substantial burden of morbidity and adverse cardiovascular outcomes. Epidemiological evidence indicates that hypertension
affects approximately half of patients presenting with AMI and significantly increases the risk of recurrent cardiovascular
events [1]. Large registry studies have likewise identified hypertension as a major modifiable risk factor in this population [2].
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Admission blood pressure also appears to have prognostic significance, with lower values inversely associated with long-term
survival [3]. The coexistence of hypertension and AMI may exert additive or synergistic adverse effects on cardiac structure
and function by accelerating ventricular remodeling and promoting progressive deterioration in myocardial performance.
Specifically, the chronic hemodynamic load imposed by hypertension, together with acute ischemic injury, facilitates left
ventricular hypertrophy, myocardial fibrosis, and maladaptive changes in ventricular geometry. These processes can further
impair systolic and diastolic function and contribute to a less favorable clinical course [4]. This interaction may be particularly
consequential in very elderly patients, in whom it contributes to a complex and potentially paradoxical risk profile for
mechanical complications [5]. Accordingly, the management of older patients with both AMI and hypertension remains
challenging because the combined pathophysiological effects of these conditions may attenuate the benefits of conventional
post-AMI treatment and adversely affect functional recovery and survival [6, 7].

Inhibition of the renin–angiotensin–aldosterone system is a cornerstone of pharmacological treatment after AMI because of
its established role in limiting adverse ventricular remodeling and improving prognosis. Angiotensin receptor blockers (ARBs),
including valsartan, are widely used for this purpose and have been associated with reductions in mortality and cardiovascular
events in patients with heart failure and atrial fibrillation [8, 9]. Nevertheless, the effectiveness of conventional renin–
angiotensin–aldosterone system inhibitors (RAASi) remains suboptimal in some clinical populations. For example, among
patients with heart failure with reduced ejection fraction (HFrEF), only 47.1% were receiving at least 50% of the recommended
target ARB dose at the 6-month follow-up [10]. In addition, preclinical evidence showing that combined treatment with
valsartan and spironolactone can substantially attenuate myocardial dysfunction suggests that complementary therapeutic
strategies may be needed to overcome the limitations of renin–angiotensin–aldosterone system inhibition alone [11]. These
considerations have stimulated interest in therapies capable of simultaneously modulating multiple neurohormonal pathways
and thereby providing broader cardiovascular protection.

Angiotensin receptor–neprilysin inhibitors (ARNIs), particularly sacubitril/valsartan, have consequently emerged as an
important therapeutic class that provides more comprehensive neurohormonal modulation than conventional ARB therapy
[12]. Sacubitril/valsartan has demonstrated superiority over traditional RAASi in reducing hospitalization for heart failure and
cardiovascular mortality across a broad range of left ventricular ejection fractions [13]. Although its efficacy in HFrEF is well
established, the comparative effects of sacubitril/valsartan on systemic inflammation and adverse cardiovascular outcomes
in older patients with AMI and concomitant hypertension remain insufficiently characterized. Most previous studies have
focused on younger patients with chronic heart failure or have relied on composite outcomes that may not fully reflect the
distinct risk–benefit profile of very elderly patients, including octogenarians [14]. Furthermore, prospective randomized trials
directly comparing the safety of ARNIs and ARBs during the early post-AMI period are limited, particularly with respect to
clinically important outcomes such as hypotension and major adverse cardiovascular events (MACE) after primary
percutaneous coronary intervention (PCI) [15]. The use of potent blood pressure-lowering therapies in this setting is
additionally complicated by continued debate regarding a possible J-shaped relationship between blood pressure and
prognosis after AMI [16]. Consequently, it remains uncertain whether the potentially superior antiremodeling and anti-
inflammatory effects of ARNIs confer a meaningful net clinical benefit over ARBs without producing an unacceptable increase
in treatment-related adverse events among older hypertensive patients during the immediate post-AMI period.

A comprehensive assessment of therapeutic benefit in this population should extend beyond conventional measures of
cardiac function. Ventricular remodeling, reflected by alterations in left ventricular geometry and performance, is a major
determinant of heart failure progression but has not been evaluated consistently as a primary outcome in comparative studies
of ARNIs and ARBs after AMI [17]. Likewise, the inflammatory cascade is critically involved in myocardial injury, healing, and
subsequent adverse outcomes after ischemia, yet inflammatory biomarkers are frequently assessed in isolation rather than as
part of an integrated evaluation of treatment efficacy [18]. The effects of these interventions on short-term MACE, including
cardiac death and rehospitalization for heart failure, have also often been examined only as secondary or exploratory
outcomes, thereby limiting the strength of the evidence regarding their broader prognostic value [19]. Studies that concurrently
evaluate left ventricular functional recovery, reverse remodeling, systemic inflammation, and early cardiovascular events are
therefore needed to more fully characterize the clinical effects of sacubitril/valsartan in this setting.
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Against this background, the present prospective, randomized, controlled trial was designed to directly compare the efficacy
and safety of early sacubitril/valsartan initiation with those of valsartan in patients aged ≥ 65 years with AMI and hypertension
following PCI. The study hypothesis was that sacubitril/valsartan would provide greater improvements in cardiac function and
short-term clinical outcomes than valsartan over a 12-week treatment period. Previous investigations have not specifically
examined the simultaneous and systematic recovery of left ventricular function, reversal of ventricular remodeling, and
changes in inflammatory biomarkers within this timeframe in older patients with AMI and comorbid hypertension [20, 21].
Management of blood pressure after AMI is particularly complex because therapeutic targets may be influenced by the
potential J-shaped association, while adequate neurohormonal modulation remains essential for promoting favorable
ventricular remodeling [16]. In addition, the interaction between hypertension-related systemic inflammation and the local
myocardial inflammatory response to infarction provides a strong rationale for assessing inflammatory biomarkers in this
population [22]. This study therefore sought to address these unresolved questions by providing an integrated evaluation of
early sacubitril/valsartan therapy in a clinically vulnerable, high-risk subgroup and to generate evidence that may inform
optimization of post-infarction treatment strategies.

Materials and Methods

1.1 Study Design and Ethical Considerations
This prospective, randomized, controlled study was approved by the Ethics Committee of The First People’s Hospital of
Shangqiu (approval no. HS2021005). Written informed consent was obtained from all participants or their authorized family
members before enrollment. The trial was registered with the Chinese Clinical Trial Registry under registration number
ChiCTR2300074600.

This prospective randomized controlled trial was designed, conducted and reported strictly in accordance with the
Consolidated Standards of Reporting Trials (CONSORT) 2025 guidelines for randomized controlled trials. All core items
required by the CONSORT statement have been fully supplemented and clarified throughout the manuscript to ensure
transparent and complete reporting of trial methodology, participant flow, outcomes and safety data.

1.2 Study Population
Consecutive patients aged ≥ 65 years with AMI and concomitant hypertension who were admitted to the Department of
Cardiology at The First People’s Hospital of Shangqiu between October 2021 and October 2025 were screened for eligibility. All
enrolled patients had successfully undergone percutaneous coronary intervention (PCI). The inclusion criteria were as follows:
(1) AMI diagnosed according to the Fourth Universal Definition of Myocardial Infarction; (2) a documented history of essential
hypertension or newly diagnosed hypertension after hospital admission, defined as systolic blood pressure ≥ 140 mmHg
and/or diastolic blood pressure ≥ 90 mmHg; (3) age ≥ 65 years; and (4) PCI performed within 12 hours after AMI onset. The
exclusion criteria were as follows: (1) a history of myocardial infarction, heart failure, or severe valvular heart disease; (2)
severe hepatic or renal dysfunction, defined as an alanine aminotransferase level > 3 times the upper limit of normal or an
estimated glomerular filtration rate < 30 mL/min/1.73 m²; (3) known hypersensitivity to sacubitril/valsartan, valsartan, or
another angiotensin receptor–neprilysin inhibitor; and (4) a severe psychiatric disorder or inability to adhere to the scheduled
follow-up procedures.

1.3 Treatment Regimens and Randomization
Before PCI, all patients received loading doses of antiplatelet therapy consisting of aspirin 300 mg plus either clopidogrel 600
mg or ticagrelor 180 mg, together with intravenous unfractionated heparin 70–100 U/kg. PCI was performed within 12 hours
of AMI onset in both groups, and intervention was restricted to the culprit vessel. The decision to perform thrombus aspiration
or intracoronary thrombolysis was made by the treating operator according to lesion complexity and thrombus burden. After
PCI, patients received aspirin 100 mg/day and either clopidogrel 75 mg/day or ticagrelor 90 mg twice daily. Statins and beta-
blockers were also administered as standard therapy unless contraindicated. Participants were subsequently randomized in a
1:1 ratio using a random-number table to one of the following treatment groups:

Page 4/16



The sacubitril/valsartan group included 100 patients. Sacubitril/valsartan tablets were administered orally within 24 hours
after PCI at an initial dose of 25–50 mg twice daily. The dose was subsequently titrated according to blood pressure and
tolerability to a maximum tolerated dose of 100–200 mg twice daily. The tablets had a labeled strength of 100 mg and were
manufactured by Beijing Novartis Pharmaceutical Co., Ltd., under National Drug Approval Number J20171054.

The valsartan group included 100 patients. Valsartan capsules were administered orally within 24 hours after PCI at an initial
dose of 40–80 mg once daily. The dose was subsequently titrated according to blood pressure and tolerability to 80–160 mg
once daily. The capsules had a labeled strength of 80 mg and were manufactured by Beijing Novartis Pharmaceutical Co., Ltd.,
under National Drug Approval Number H20040217.

Both treatment regimens were continued until completion of the 12-week study period.

1.4 Outcomes and Follow-up
The primary outcome was the overall efficacy rate after 12 weeks of treatment. Treatment was considered effective when the
patient achieved either an increase in left ventricular ejection fraction (LVEF) of ≥ 5% from baseline or an improvement of ≥ 1
New York Heart Association functional class from baseline. Secondary outcomes included echocardiographic indices,
inflammatory biomarkers, and clinical adverse events. Echocardiographic outcomes comprised LVEF and left ventricular end-
diastolic diameter. Inflammatory biomarkers included high-sensitivity C-reactive protein (hs-CRP), interleukin-6 (IL-6), and
tumor necrosis factor-α (TNF-α). Safety and clinical outcomes included hypotension, defined as systolic blood pressure < 90
mmHg, and major adverse cardiovascular events, comprising cardiac death, nonfatal myocardial infarction, and
rehospitalization for heart failure. All patients underwent echocardiographic assessment and laboratory testing at baseline
and after 12 weeks of treatment. Follow-up was conducted through outpatient visits or telephone interviews over 12 weeks,
corresponding to 90 days. Losses to follow-up and all clinical events occurring during the follow-up period were recorded.

1.5 Statistical Analysis
Statistical analyses were performed using SPSS version 26.0. Normally distributed continuous variables were presented as the
mean ± standard deviation and were compared between groups using independent-samples t tests. Non-normally distributed
continuous variables were presented as the median and interquartile range and were compared using the Mann–Whitney U
test. Categorical variables were presented as numbers and percentages and were compared using the chi-square test or
Fisher’s exact test, as appropriate. Ordinal variables were analyzed using rank-sum tests. Repeated-measures data were
evaluated using repeated-measures analysis of variance. The Greenhouse–Geisser correction was applied when necessary,
and post hoc pairwise comparisons were adjusted using the Bonferroni method. Time-to-event outcomes were analyzed using
the Kaplan–Meier method, and survival distributions were compared using the log-rank test. All statistical tests were two-
sided, and P < 0.05 was considered statistically significant.

Results

2.1 Baseline Characteristics
Baseline demographic and clinical characteristics were well balanced between the treatment groups. No statistically
significant between-group differences were observed in age, sex, body mass index, time from symptom onset, New York Heart
Association functional class, infarct location, smoking status, or history of type 2 diabetes mellitus (P > 0.05), indicating
comparability of the groups before treatment (Table 1).

2.2 Clinical Efficacy
After 12 weeks of treatment, the overall efficacy rate was significantly higher in the sacubitril/valsartan group than in the
valsartan group. A treatment response was observed in 91 of 100 patients receiving sacubitril/valsartan, corresponding to an
overall efficacy rate of 91%, compared with 79 of 100 patients receiving valsartan, corresponding to a rate of 79% (χ² = 5.647,
P = 0.017; Table 2).

Page 5/16



2.3 Cardiac Function and Ventricular Remodeling
At baseline, LVEF, left ventricular end-diastolic diameter (LVEDD), and N-terminal pro-B-type natriuretic peptide (NT-proBNP)
levels did not differ significantly between the two groups (all P > 0.05). At both 4 and 12 weeks after treatment initiation, LVEF
increased, whereas LVEDD and NT-proBNP levels decreased in both groups. However, patients treated with sacubitril/valsartan
exhibited significantly greater improvements in LVEF and significantly larger reductions in LVEDD and NT-proBNP than those
treated with valsartan (all P < 0.05; Table 3).

Table 3
Cardiac function and ventricular remodeling parameters by treatment group, mean ± standard deviation

Group n LVEF (%) LVEDD (mm) NT-proBNP (pg/ml)

Pre-
treatment

4
weeks

12
weeks

Pre-
treatment

4
weeks

12
weeks

Pre-
treatment

4 weeks 12
weeks

Observation 100 38.11 ± 
4.39

40.67 
± 4.22

42.22 
± 3.96

50.83 ± 
2.45

49.58 
± 1.67

49.91 
± 2.24

3267.67 
± 116.66

2124.46 
± 80.93

1236.08 
± 74.85

Control 100 38.44 ± 
4.92

42.37 
± 4.19

46.50 
± 3.33

51.05 ± 
2.43

50.41 
± 1.86

49.25 
± 1.86

3275.84 
± 116.95

1651.67 
± 68.03

876.81 
± 61.74

t   0. 500 2.859 8.266 0.638 3.321 2.289 0.495 44.720 18.948

P   0. 617 0.005 < 
0.001

0. 524 0. 001 0.023 0. 621 < 0. 001 < 0. 001

2.4 Inflammatory Biomarkers
Baseline concentrations of hs-CRP, IL-6, and IL-1β were comparable between the treatment groups, with no statistically
significant differences observed before treatment (P > 0.05). At 4 and 12 weeks, all three inflammatory biomarkers decreased
in both groups. The reductions were significantly greater in the sacubitril/valsartan group than in the valsartan group at both
follow-up assessments (all P < 0.001; Table 4).

Table 4
Inflammatory biomarker levels by treatment group, mean ± standard deviation

Group n Hs-CRP (ng/mL) IL-6 (pg/mL) IL-1β (pg/mL)

Pre-
treatment

4
weeks

12
weeks

Pre-
treatment

4
weeks

12
weeks

Pre-
treatment

4
weeks

12
weeks

Observation 100 42.62 ± 
3.71

28.14 
± 2.50

21.23 
± 2.01

14.38 ± 
1.00

10.16 
± 0.57

0.49 ± 
0.09

21.11 ± 
2.48

15.68 
± 1.37

10.74 
± 0.75

Control 100 42.11 ± 
3.47

16.65 
± 2.64

10.90 
± 2.65

14.42 ± 
0.97

6.08 ± 
0.54

0.43 ± 
0.06

20.76 ± 
2.36

10.58 
± 1.04

7.36 ± 
0.47

t   1.009 31.553 30.980 0.263 51.982 5.985 1.024 29.670 38.324

P   0 .314 < 0
.001

< 0
.001

0 .793 < 
0.001

< 
0.001

0 .307 < 0
.001

< 0
.001

2.5 Hypotension and Major Adverse Cardiovascular Events
During follow-up, hypotension occurred in 12 patients in the sacubitril/valsartan group and 5 patients in the valsartan group.
Although hypotension was numerically more frequent with sacubitril/valsartan, the between-group difference was not
statistically significant ( RR = 2.40, 95% CI = 0.88–6.56, χ² = 3.150, P = 0.076). MACE occurred in 5 patients receiving
sacubitril/valsartan and 14 patients receiving valsartan. This difference was statistically significant and favored
sacubitril/valsartan (RR = 0.36, 95% CI = 0.13–0.95, χ² = 4.939, P = 0.026).

2.6 Kaplan–Meier Survival Analysis
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Kaplan–Meier curves were generated using all-cause mortality as the time-to-event endpoint. Over the 90-day follow-up period,
3 of the 100 patients assigned to valsartan and 2 of the 100 patients assigned to sacubitril/valsartan were lost to follow-up.
The mean survival time was 86.23 days in the valsartan group and 88.62 days in the sacubitril/valsartan group. Kaplan–Meier
analysis showed a significantly higher survival probability among patients treated with sacubitril/valsartan than among those
treated with valsartan (χ² = 4.906, P = 0.027; Fig. 1).

[Figure 1. Kaplan–Meier survival curves by treatment group]

Discussion
The present study demonstrates that, among older patients with AMI and concomitant hypertension who underwent PCI, early
initiation of sacubitril/valsartan was associated with greater improvements in cardiac function, more favorable ventricular
remodeling, and larger reductions in systemic inflammatory activity than valsartan alone. These findings are consistent with a
growing body of evidence suggesting that sacubitril/valsartan provides broader cardiovascular benefits than conventional
angiotensin receptor blockade across a range of clinical settings [23]. The therapeutic effects of sacubitril/valsartan derive
from its dual mechanism of action, which combines renin–angiotensin–aldosterone system (RAAS) inhibition with neprilysin
blockade. This approach enhances the biological activity of natriuretic peptides and thereby promotes vasodilation,
natriuresis, and inhibition of myocardial fibrosis and hypertrophy [24]. Preclinical investigations have further shown that
sacubitril/valsartan may confer superior cardiovascular protection in heart failure by increasing nitric oxide bioavailability [25]
and attenuating pressure overload-induced cardiac remodeling through suppression of pyruvate dehydrogenase kinase 4
signaling [26]. In experimental models of hypertension, sacubitril/valsartan has also improved ventricular remodeling and
reduced susceptibility to atrial fibrillation more effectively than valsartan alone, with these benefits attributed to favorable
effects on both electrical and structural remodeling [27]. Evidence from clinical populations supports these observations. In
perimenopausal women with hypertension, sacubitril/valsartan reduced left ventricular mass index and downregulated
fibrosis-associated mediators, including transforming growth factor-β and α-smooth muscle actin [28]. Similarly, the REVERSE-
LVH trial demonstrated a greater reduction in myocardial interstitial fibrosis volume with sacubitril/valsartan than with
valsartan despite comparable blood pressure control [29]. Collectively, these findings support the interpretation that the
clinical effects of sacubitril/valsartan extend beyond blood pressure lowering and may be mediated, at least in part, by direct
antifibrotic and anti-inflammatory actions that are particularly relevant during post-AMI myocardial healing [30].

The structural and functional improvements observed in the sacubitril/valsartan group, including greater recovery of LVEF and
a larger reduction in LVEDD, are consistent with more effective attenuation of myocardial fibrosis, ventricular dilation, and
maladaptive remodeling. These results accord with both experimental and clinical evidence indicating that angiotensin
receptor–neprilysin inhibitor (ARNI) therapy exerts stronger antifibrotic and reverse-remodeling effects than RAAS blockade
alone. In a post-myocardial infarction heart failure model, dual inhibition of the angiotensin II type 1 receptor and neprilysin
prevented interstitial fibrosis in the remote myocardium and reduced cardiomyocyte hypertrophy more effectively than
valsartan monotherapy [31]. The antifibrotic effects of sacubitril/valsartan have been proposed to represent direct myocardial
protection that is at least partly independent of its hemodynamic actions [32]. Improvement in LVEF is a well-established
indicator of reverse cardiac remodeling during ARNI therapy and is generally attributed to attenuation of adverse structural
changes within the ventricle [33]. Similar functional and anatomical recovery has been reported across several clinical
contexts. For example, among patients who developed new-onset heart failure after valvular surgery, ARNI therapy produced
significantly greater improvements in LVEF and reductions in LVEDD than comparator treatment [34]. Meta-analyses of
randomized trials have likewise shown that early ARNI initiation after AMI is more effective than ARB therapy in increasing
LVEF and reducing left ventricular dimensions [35]. Favorable changes in ventricular geometry and systolic performance may
represent an important mechanistic pathway through which sacubitril/valsartan lowers the risk of major adverse
cardiovascular events and hospitalization for heart failure [36, 37]. By more effectively interrupting the pathological remodeling
process that contributes to progressive clinical deterioration after myocardial injury, sacubitril/valsartan may translate
structural cardiac recovery into improved short-term and longer-term prognosis [38].
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The favorable effects of sacubitril/valsartan on cardiac function and ventricular remodeling observed in the present study are
broadly consistent with findings from the PARADIGM-HF and PARAGON-HF trials, which established the therapeutic role of
sacubitril/valsartan in heart failure across reduced and preserved ejection fraction phenotypes. Although the mechanisms
underlying these benefits have not been fully elucidated, simultaneous inhibition of neprilysin and the angiotensin II type 1
receptor is likely to provide complementary neurohormonal effects. Neprilysin inhibition increases the bioavailability of
natriuretic and other vasoactive peptides, thereby promoting vasodilation, attenuating sympathetic activation, and exerting
antifibrotic and antihypertrophic effects. These actions extend beyond those of valsartan alone, which primarily inhibits the
RAAS [39]. The greater improvement in LVEF and reduction in LVEDD observed with sacubitril/valsartan in the present study
are consistent with this broader pharmacological profile. The significantly lower concentrations of inflammatory biomarkers,
including hs-CRP, IL-6, and TNF-α, in the sacubitril/valsartan group are also clinically relevant, as experimental evidence
suggests that neprilysin inhibition may attenuate the inflammatory response triggered by myocardial ischemia [40]. Although
hypotension occurred more frequently in the sacubitril/valsartan group, the difference was not statistically significant. This
numerical increase is biologically plausible given the more potent vasodilatory effects of angiotensin receptor–neprilysin
inhibition and is consistent with findings from large comparative studies of sacubitril/valsartan and ARBs [41, 42].

The marked reductions in hs-CRP, IL-6, and TNF-α observed in patients receiving sacubitril/valsartan further suggest that
attenuation of systemic inflammation may contribute to the associated improvements in cardiac function and ventricular
remodeling. Inflammation is a central mediator of adverse remodeling after myocardial infarction, and elevated concentrations
of proinflammatory cytokines have been associated with impaired myocardial recovery and poorer clinical outcomes. The
present clinical findings are consistent with preclinical studies indicating that ARNI therapy suppresses the expression of
inflammatory mediators. Experimental evidence suggests that sacubitril/valsartan may attenuate myocardial remodeling
through inhibition of the MAPK/ERK signaling pathway, which regulates inflammatory cytokine transcription [40]. In an animal
model of post-myocardial infarction heart failure, sacubitril/valsartan also limited left ventricular contractile dysfunction and
interstitial fibrosis more effectively than valsartan alone, supporting a potentially stronger combined antifibrotic and anti-
inflammatory effect [31]. This benefit is likely attributable to its dual mechanism, comprising RAAS inhibition through valsartan
and augmentation of the natriuretic peptide system through sacubitril-mediated neprilysin inhibition [43]. Because RAAS
activation promotes NF-κB signaling and downstream inflammatory responses, its suppression may reduce inflammatory
cytokine production. The lower inflammatory burden observed in the sacubitril/valsartan group therefore provides a plausible
pathophysiologic link between treatment and the concurrent improvements in systolic function and left ventricular
dimensions, underscoring the importance of inflammatory regulation during post-infarction myocardial healing.

The potential clinical importance of these findings is further supported by evidence associating the anti-inflammatory and
antifibrotic effects of sacubitril/valsartan with improved long-term outcomes. A meta-analysis of patients with AMI found that
early initiation of ARNI therapy was associated with lower risks of major adverse cardiovascular events and rehospitalization
for heart failure, consistent with the direction of the findings observed in the present study [35]. In addition, PARADIGM-HF
demonstrated that sacubitril/valsartan reduced the risk of sudden cardiac death, an effect that may be partly mediated by
favorable changes in myocardial fibrosis and electrical remodeling [44]. Recent reviews have also highlighted the potential
antiarrhythmic properties of sacubitril/valsartan, suggesting that neprilysin inhibition may stabilize the myocardial substrate
and reduce susceptibility to ventricular arrhythmias [45]. This mechanism is particularly relevant after AMI, when malignant
arrhythmias remain an important cause of mortality. Sacubitril/valsartan may additionally confer renoprotective effects, which
have been reported to vary according to dose in patients with heart failure and may be especially beneficial in older
hypertensive patients, among whom renal impairment is common [46]. Improvements in renal function reported in previous
studies may contribute to better overall cardiovascular outcomes, given that renal dysfunction is a well-established predictor
of poor prognosis after AMI [47].

Limitations
Several limitations should be considered when interpreting the present findings. First, this was a single-center trial with a
relatively modest sample size, which may limit the external validity and generalizability of the results. Larger multicenter
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studies are therefore required to confirm these observations across more diverse clinical settings and patient populations.
Second, the 12-week follow-up period was adequate for evaluating early therapeutic effects but may have been insufficient to
capture late adverse events, sustained changes in ventricular remodeling, or longer-term clinical outcomes. Studies
incorporating extended follow-up are needed to determine whether the observed benefits persist over time. Furthermore, the
composite primary endpoint, which combined improvement in LVEF with improvement in NYHA functional class, may not have
captured the full spectrum of clinically meaningful recovery. Future investigations should incorporate more granular and
patient-centered outcomes, including health-related quality of life and biomarkers of myocardial fibrosis [48, 49]. The exclusion
of patients with severe comorbid conditions, including cardiogenic shock or advanced renal dysfunction, also restricts the
applicability of the findings to these particularly high-risk groups [50]. Although established treatment regimens were used, the
possibility of residual confounding cannot be excluded, particularly with respect to interoperator variation in procedural
technique and differences in medication adherence after hospital discharge [51]. Finally, although a statistically significant
between-group difference in MACE was observed, the study was not specifically powered for this secondary outcome.
Accordingly, this result should be interpreted cautiously and confirmed in larger, prospectively designed studies capable of
evaluating both clinical events and the mechanisms underlying differential effects on systemic inflammation and ventricular
remodeling [52].

Additional methodological issues may have affected the internal validity of the study. Although participants were randomly
assigned to treatment, neither patients nor treating clinicians were blinded, introducing the potential for performance and
detection bias. Knowledge of treatment allocation may have influenced patient behavior, clinical decision-making, or the
assessment of outcomes, particularly those with subjective components [53]. The pragmatic, open-label design may therefore
have affected interpretation of certain endpoints, and the absence of blinded endpoint adjudication or a double-dummy
strategy represents an important limitation because these approaches are commonly used to reduce bias in pharmacological
trials [54]. The drug-titration protocol also warrants consideration. Doses of sacubitril/valsartan and valsartan were adjusted
according to office blood pressure measurements and physician judgment rather than a prespecified, protocol-driven titration
algorithm or individualized therapeutic drug monitoring. Although blood pressure-guided titration reflects routine clinical
practice [55], it does not account for interindividual pharmacokinetic variability or ensure that patients receive biologically
equivalent or individually optimized doses. Consequently, differences in dose exposure may have influenced both comparative
efficacy and safety outcomes.

Future research should further define the role of sacubitril/valsartan after AMI. Larger, multicenter, double-blind, randomized
controlled trials with longer follow-up periods are needed to determine whether early treatment improves mortality and
reduces hospitalization for heart failure over the long term. Additional studies should evaluate clinically relevant subgroups,
including patients with heart failure with preserved ejection fraction or those with mildly to moderately reduced ejection
fraction, for whom the current evidence remains less definitive [56]. Potential drug–drug interactions, particularly with
antiplatelet agents routinely administered after PCI, also require further investigation to optimize treatment safety and efficacy
[57]. The use of sacubitril/valsartan in patients with advanced kidney disease or those receiving dialysis warrants particular
attention because preliminary evidence suggests possible benefit accompanied by an increased risk of hyperkalemia [58, 59].
Incorporating advanced imaging techniques, including cardiac magnetic resonance imaging, may also permit more precise
quantification of myocardial fibrosis and ventricular remodeling and provide deeper mechanistic insight into the effects of
treatment [60].

Conclusion
Early initiation of sacubitril/valsartan after PCI in older patients with AMI and hypertension was associated with greater
improvement in cardiac function, more favorable ventricular remodeling, lower inflammatory biomarker levels, and fewer short-
term major adverse cardiovascular events than valsartan, without a statistically significant increase in hypotension. These
findings suggest that early angiotensin receptor–neprilysin inhibition may represent a promising therapeutic strategy for this
vulnerable population. However, given the single-center design, limited sample size, short follow-up, and lack of power for
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major adverse cardiovascular events, larger multicenter trials with longer-term follow-up are required to confirm the durability,
safety, and prognostic significance of these results.
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Table 1 and 2
Table 1 and 2 are available in the Supplementary Files section.

Figures

Figure 1

Kaplan–Meier survival curves by treatment group
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Figure 2

Figure 1. CONSORT 2025 flow diagram of participant recruitment, randomization, follow-up, and analysis.
Abbreviations: ITT, intention-to-treat.
Note: Missing data due to loss to follow-up (2 in the sacubitril/valsartan group and 3 in the valsartan group) were handled
using appropriate statistical models without excluding participants from the primary ITT analysis. All 200 randomized
participants were included in the final analysis according to their original assigned groups.
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