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Objective: To investigate the efficacy of recombinant human brain natriuretic peptide (thBNP) therapy after percutaneous coronary
intervention (PCI) in patients with acute myocardial infarction (AMI) and its impact on cardiac function.

Methods: In this retrospective controlled study, 104 AMI patients who underwent PCI at our hospital between September 2021 and
December 2024 were consecutively enrolled and assigned to groups based on the treatment period. The control group (n=52) (patients
admitted from September 2021 to December 2022) received standard guideline-directed medical therapy (GDMT), while the
observation group (n=52) (patients admitted from January 2023 to December 2024) received additional intravenous thBNP treatment
for 72 hours on top of GDMT. The therapeutic effects, cardiac ultrasound parameters (LVEF, LVEDD, LVESD, FS), key myocardial
injury markers (CK-MB, cTnl), inflammatory markers (IL-6, TNF-0, Hcy), and major adverse cardiovascular events (MACE)
incidence were compared. Multivariate regression analyses were performed to adjust for potential baseline confounders.

Results: The observation group demonstrated a significantly higher overall efficacy than the control group (94.23% vs 78.85%,
P<0.05). Post-treatment, both groups showed significant improvements in LVEF, FS, LVESD, and reductions in CK-MB, ¢Tnl, IL-6,
TNF-0, and Hey, with the observation group exhibiting more pronounced benefits (P<0.05). The between-group differences remained
significant after adjusting for baseline characteristics. The incidence of MACE during the 6-month follow-up was significantly lower in
the observation group (5.77% vs 19.23%, P<0.05).

Conclusion: Adjunctive thBNP therapy after PCI in AMI patients provides significant clinical benefits, including enhanced
improvement of cardiac function, reduced myocardial injury and inflammatory stress, and a lower risk of MACE. However, these
findings should be interpreted considering the study’s limitations, including its retrospective design and single-center nature. Future
prospective randomized trials are warranted for confirmation.
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Introduction

Acute myocardial infarction (AMI) refers to a clinical syndrome characterized by irreversible myocardial cell necrosis
caused by acute and persistent ischemia and hypoxia of the coronary arteries. It is one of the most critical clinical types of
coronary heart disease." With global population aging and changes in lifestyle, the incidence of AMI continues to rise,
seriously threatening patients’ lives and quality of life.>® Percutaneous coronary intervention (PCI), the preferred
treatment for AMI, can promptly reopen occluded coronary vessels, restore myocardial perfusion, and significantly
reduce early mortality and complication rates, and has been widely used in clinical practice.* However, despite PCI

significantly improving short-term outcomes in AMI patients, challenges remain after the procedure, including
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myocardial reperfusion injury, worsening cardiac function, ventricular remodeling, and activation of inflammatory
responses.” Reperfusion injury can lead to calcium overload, oxidative stress, release of inflammatory factors, and
other pathophysiological reactions, exacerbating myocardial cell apoptosis and necrosis, thus affecting left ventricular
remodeling and long-term cardiac function recovery.®’” Therefore, in addition to effective revascularization, how to
further reduce myocardial damage, improve cardiac function, and optimize long-term outcomes has become a key and
challenging issue in peri-PCI management of AMI.

Recombinant human brain natriuretic peptide (thBNP) is a recombinant polypeptide drug with the same amino acid
sequence as endogenous brain natriuretic peptide (BNP). BNP is mainly synthesized and secreted by ventricular
cardiomyocytes and plays a vital role in maintaining cardiovascular homeostasis through its natriuretic, diuretic,
vasodilatory, sympathetic-inhibiting, and anti-fibrotic effects.®” Since its introduction, rhBNP has been widely recog-
nized in the treatment of acute and chronic heart failure, demonstrating good cardioprotective effects by relieving pre-
and after-load, improving ventricular compliance, and reducing myocardial oxygen consumption.'®!" In addition, some
studies'? suggest that thBNP can inhibit ventricular remodeling, improve myocardial microcirculation, reduce biomar-
kers of myocardial cell injury, and exert certain anti-inflammatory effects. Therefore, it is considered potentially
beneficial for cardiac function recovery after PCI in AMI patients. A limited number of clinical studies have explored
the application of rhBNP in the AMI setting. For instance, some small-scale randomized trials have suggested potential
benefits of thBNP in improving hemodynamics and reducing infarct size in ST-segment elevation myocardial infarction
(STEMI) patients.'>'* However, other investigations have reported neutral findings regarding its impact on hard clinical
endpoints, and the evidence specifically focusing on its adjunctive use immediately after PCI remains inconclusive and
relatively scarce.'” This lack of consensus highlights the need for further investigation.

However, clinical studies on the combined use of thBNP in AMI patients after PCI remain relatively limited, and its
specific therapeutic effects on cardiac function, myocardial injury, and inflammatory responses are still under debate.
Consequently, there is a clear gap in evidence regarding the comprehensive evaluation of rhBNP’s effects on multi-
dimensional outcomes including cardiac function parameters, biomarker profiles, and inflammatory stress in a real-world
PCI cohort. Hence, further exploration of the clinical value of thBNP as adjuvant therapy after PCI is of significant
importance. Based on the above considerations, this study retrospectively analyzed clinical data from 104 AMI patients
who underwent PCI in our hospital. It aimed to assess the practical efficacy of thBNP as an adjuvant therapy post-
operatively and to provide more reliable theoretical support and practical reference for the comprehensive management
of AMI patients after intervention.

Materials and Methods
Study Subjects

This study was a single-center, retrospective controlled study. A total of 104 patients with AMI who underwent PCI at
Qinhuangdao Hospital of Traditional Chinese Medicine from September 2021 to December 2024 were consecutively
enrolled. The assignment to groups was based on the temporal sequence of admission and a shift in clinical practice.
Specifically, patients admitted from September 2021 to December 2022 constituted the control group (n=52), reflecting
the standard care prior to the increased use of rthBNP at our institution. Patients admitted from January 2023 to
December 2024, during which period adjunctive thBNP therapy was more routinely considered for eligible AMI patients
post-PCI, constituted the observation group (n=52).

All patients met the diagnostic criteria for AMI outlined in the 2023 European Society of Cardiology (ESC)
Guidelines for the Management of Acute Coronary Syndromes (ACS)'® and underwent coronary angiography and PCI
during the index hospitalization. The inclusion criteria were: (1) Age 18-80 years; (2) Underwent emergency PCI within
12 hours of symptom onset; (3) Initiated the study medication regimen within 48 hours after PCI; (4) Complete clinical
data, including cardiac ultrasound and laboratory test results. The exclusion criteria were: (1) Severe hepatic (Child-Pugh
class C) or renal insufficiency (eGFR < 30 mL/min/1.73m?) or active malignancy; (2) Active systemic infection,
rheumatic autoimmune disease, or other chronic inflammatory states; (3) Cardiogenic shock or mechanical complications
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(eg, ventricular septal rupture); (4) Severe valvular heart disease, congenital heart disease, or life-threatening arrhyth-
mias; (5) Known hypersensitivity or contraindication to any study drug; (6) Pregnancy or lactation.

This study was approved by the Ethics Committee of Qinhuangdao Hospital of Traditional Chinese Medicine
(Approval No. XNWKYLC2408). Written informed consent was obtained from all participants, and the study was
conducted in accordance with the ethical principles outlined in the Declaration of Helsinki.

Treatment Methods
All patients received standardized guideline-directed medical therapy (GDMT) after PCI, in accordance with contem-
porary guidelines.'* The standard regimen included:

Antiplatelet Therapy

Dual antiplatelet therapy with aspirin enteric-coated tablets (100 mg/d, Bayer Healthcare Co., Ltd., NMPA Approval No.
J20130089) combined with either clopidogrel tablets (75 mg/d, Sanofi Pharmaceutical Co., Ltd., NMPA No. H20000673) or
ticagrelor tablets (90 mg twice daily, AstraZeneca, NMPA No. H20130069), chosen based on ischemic/bleeding risk profile.

Statin Therapy
High-intensity statin therapy with atorvastatin calcium tablets (20-40 mg/d, Pfizer Inc., NMPA No. H20051408) initiated
within 24 hours.

Beta-Blockers
Metoprolol sustained-release tablets were initiated or up-titrated as tolerated, starting at 47.5 mg/d, with a target dose of
95-190 mg/d (AstraZeneca, NMPA No. H20191031), contingent on heart rate (>50 bpm) and systolic blood pressure
(>100 mmHg).

RAAS Inhibitors

An ACEI (eg, perindopril tablets, starting at 4 mg/d, Sanofi, NMPA No. H20040106) or ARB (eg, valsartan capsules,
starting at 80 mg/d, Novartis, NMPA No. H20040210) was initiated within 24 hours and titrated to the maximum
tolerated dose based on blood pressure and renal function.

Symptomatic Support

Intravenous furosemide (2040 mg, Jiangsu Hengrui Pharmaceuticals Co., Ltd., NMPA No. H32021056) for volume
overload or intravenous nitroglycerin injection (5 mg/ampoule, Tianjin Jinyao Group, NMPA No. H12020558) for
persistent angina, as clinically required.

In addition to the above standard therapy, the observation group received intravenous recombinant human brain
natriuretic peptide (rhBNP; trade name: Xinhuosu, Shenzhen Tai Kang Biological Products Co., Ltd., NMPA No.
S20050036) initiated within 24 hours post-PCI. The administration followed a standardized protocol: an intravenous
bolus of 1.5 pg/kg over 90 seconds, followed by a continuous infusion of 0.0075-0.01 pg-kg '*min~" for 72 hours. Vital
signs, urine output, and adverse events were closely monitored.

Observation Indicators

Therapeutic Efficacy

After 4 weeks of treatment, efficacy was evaluated based on symptom relief, improvement in cardiac function, and ECG
changes, and classified as follows: Markedly effective: significant chest pain relief, LVEF increased >10%, ECG nearly
normal; Effective: symptom relief, LVEF increased 5—10%, partial ST-segment recovery; Ineffective: no improvement or
worsening of symptoms, LVEF increased <5%, no significant ECG changes. Total effective rate = (markedly effective +
effective) / total cases x 100%.

Cardiac Ultrasound Indices
Before and after treatment, cardiac color Doppler ultrasound (Philips IE33 model) was used to measure LVEF, LVEDD,
LVESD, and FS levels.
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Myocardial Injury Biomarkers
Before and after treatment, 5 mL of fasting cubital venous blood was collected in the morning. CK-MB, ¢TnT, ¢Tnl, and
H-FABP levels were measured using ELISA.

Inflammatory Stress Indicators
Before and after treatment, residual serum samples were used to measure I1L-6, IL-8, and TNF-a levels using ELISA, and

Hcy levels were measured using radioimmunoassay.

Follow-Up and MACE Monitoring
All patients were followed for 6 months postoperatively. Major adverse cardiovascular events (MACE) were assessed,
including cardiac death, recurrent myocardial infarction, recurrent angina, recurrent heart failure, in-stent thrombosis, and

target vessel revascularization.

Statistical Methods

Data were analyzed using SPSS 26.0. Continuous data with normal distribution are presented as mean + standard
deviation (mean + sd)). Between-group comparisons used independent samples t-tests, and within-group pre-post
comparisons used paired t-tests. Categorical data are presented as n (%) and were compared using the x> test or
Fisher’s exact test. To account for potential baseline confounding, analysis of covariance (ANCOVA) was employed
for continuous outcomes, adjusting for baseline values, age, and infarct location. For the MACE outcome, a multivariable
Cox proportional hazards regression model was used, adjusting for key covariates including age, gender, history of

diabetes, baseline LVEF, and multi-vessel disease. A two-sided P-value < 0.05 was considered statistically significant.

Results

Comparison of Baseline Data
There were no statistically significant differences between the two groups in terms of gender, age, cardiac function
classification, comorbidities, and time from onset to admission (P>0.05), indicating comparability. See Table 1.

Comparison of Therapeutic Effects
After treatment, the observation group showed significantly better overall efficacy compared to the control group (total
effective rate: 94.23% vs 78.85%, P<0.05), as shown in Table 2.

Table | Comparison of Baseline Data (x & s, n[%])

Control (n=52) | Observation (n=52) tix® P
Gender - - 0.155 0.693
Male 30 (57.69) 28 (53.85) - -
Female 22 (42.31) 24 (46.15) - -
Age (years) 61.59+5.37 60.94+5.78 0.594 0.553
Cardiac function class - - 0.157 0.691
Class | 31 (59.62) 29 (55.77) - -
Class Il 15 (28.85) 17 (32.69) - -
Class Il 6 (11.54) 6 (11.54) - -
Comorbidities - - - -
Hypertension 33 (63.46) 31 (59.62) 0.162 0.686
Hyperlipidemia 27 (51.92) 28 (53.85) 0.038 0.844
Diabetes mellitus 17 (32.69) 15 (28.85) 0.180 0.670
Time from onset to admission (h) 5.96+2.08 6.23%1.89 0.692 0.490
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Table 2 Comparison of Therapeutic Effects [n (%)]

Therapeutic Effect | Control (n=52) | Observation (n=52) x? P
Significant Effect 20 (38.46) 23 (44.23) - -
Effective 21 (40.38) 26 (50.00) - -
Ineffective Il (21.15) 3 (5.77) - -
Total Effective Rate 41 (78.85) 49 (94.23) 5.282 0.021

Comparison of Echocardiographic Parameters
After treatment, both groups showed significant increases in LVEF, LVEDD, and FS, and a significant decrease in

LVESD. The improvement was more pronounced in the observation group (P<0.05), see Figure 1.

Comparison of Myocardial Injury Markers
After treatment, both groups exhibited significantly reduced levels of CK-MB, cTnT, c¢Tnl, and H-FABP compared to
before treatment, with greater reductions observed in the observation group (P<0.05), see Figure 2.

Comparison of Inflammatory Stress Markers
After treatment, IL-6, IL-8, TNF-a, and Hcy levels significantly decreased in both groups compared to pre-treatment
levels, with more substantial improvements observed in the observation group (P<0.05), see Figure 3.
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Figure | Comparison of Echocardiographic Parameters (Mean * SD).
Notes: P < 0.05 vs pre-treatment within the same group. *P < 0.05 for between-group comparison after adjustment for baseline, age, and infarct location (ANCOVA).
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Figure 2 Comparison of Myocardial Injury Markers (Mean + SD).
Notes: #P < 0.05 vs pre-treatment within the same group. *P < 0.05 for between-group comparison after adjustment for baseline, age, and infarct location (ANCOVA).

Comparison of MACE Incidence

During the 6-month postoperative follow-up, the observation group had a significantly lower incidence of MACE compared
to the control group (5.77% vs 19.23%, P<0.05). To further validate this finding, a multivariable Cox proportional hazards
regression model was employed, adjusting for age, gender, history of diabetes, baseline LVEF, and multi-vessel disease.
This adjusted analysis confirmed that patients in the observation group had a significantly lower risk of MACE compared to
the control group (Hazard Ratio [HR] = 0.28, 95% Confidence Interval [CI]: 0.08-0.99, P = 0.048), see Table 3.

Discussion
Acute myocardial infarction (AMI) remains a formidable challenge in clinical practice due to its sudden onset and

potential for high morbidity and mortality.'"> While PCI is the established standard for achieving timely coronary
reperfusion and reducing acute-phase mortality, the long-term prognosis is often compromised by issues such as
reperfusion injury, persistent inflammatory activation, and adverse left ventricular (LV) remodeling.'”'® Our study
demonstrates that the early adjunctive use of thBNP post-PCI yields superior clinical outcomes compared to standard
therapy alone. The observation group exhibited a significantly higher total effective rate, alongside more pronounced
improvements in LVEF, FS, and LVESD. These findings suggest that hBNP not only enhances LV systolic function but
may also mitigate pathological ventricular remodeling, likely attributable to its multi-faceted mechanisms of action.
The beneficial effects of thBNP are rooted in its comprehensive physiological roles. As an endogenous neuroendo-
crine hormone, rhBNP promotes vasodilation and natriuresis while suppressing the renin-angiotensin-aldosterone system
(RAAS) via the NPR-A/cGMP pathway.'**° This results in reduced cardiac preload and afterload, improved myocardial
compliance, and alleviation of volume overload,?! creating a hemodynamic environment conducive to cardiac recovery

and resistance to remodeling.
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Figure 3 Comparison of Inflammatory Stress Markers (Mean + SD).
Notes: P < 0.05 vs pre-treatment within the same group. *P < 0.05 for between-group comparison after adjustment for baseline, age, and infarct location (ANCOVA).

Beyond hemodynamic improvement, our data indicate a significant reduction in myocardial injury biomarkers (CK-
MB, cTnl, H-FABP) with rhBNP therapy. This cardioprotective effect is consistent with its potential to attenuate
ischemia-reperfusion injury. Previous experimental and clinical studies have suggested that thBNP can ameliorate
calcium overload, suppress oxidative stress, and reduce cardiomyocyte apoptosis.**** Furthermore, its ability to enhance
endothelial function and nitric oxide bioavailability may contribute to microvascular protection following PCI.'#**

The inflammatory cascade post-AMI is a key driver of ongoing myocardial damage and remodeling.*>*° In our study, the
observation group showed markedly greater reductions in inflammatory cytokines (IL-6, TNF-o)) and homocysteine (Hcy).
The anti-inflammatory properties of thBNP are supported by earlier work showing its capacity to inhibit neutrophil infiltration
and pro-inflammatory cytokine release.””*® The reduction in Hcy, an independent risk factor for endothelial dysfunction and

cardiovascular events,” further suggests a role for hBNP in stabilizing vascular endothelium.

Table 3 Comparison of MACE Incidence [n (%)]

MACE Control (n=52) | Observation (n=52) x? P
Cardiogenic death 1 (1.92) 0 (0.00) - -
Recurrent myocardial infarction 2 (3.85) 1(1.92) - -
Recurrent angina 3 (5.77) 1(1.92) - -
Recurrent heart failure 2 (3.85) 1 (1.92) - -
In-stent thrombosis 1(1.92) 0 (0.00) - -
Target vessel revascularization 2 (3.85) 0 (0.00) - -
Total incidence rate 10 (19.23) 3 (5.77) 4307 0.037
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The most clinically significant finding was the reduction in 6-month MACE incidence with thBNP therapy. This

130

aligns with a growing body of evidence from other studies. For instance, a meta-analysis by Fang et al”" reported that

rhBNP infusion in AMI patients was associated with improved LVEF and reduced risk of heart failure hospitalization.

Similarly, a randomized trial by Yao et al’'

found that peri-PCI thBNP administration led to smaller infarct sizes and
lower composite MACE rates at 30 days. Our results, which remain significant after multivariate adjustment, reinforce
and extend these findings to a medium-term follow-up period, underscoring the potential of ThBNP to confer lasting

cardiovascular benefits by simultaneously addressing myocardial injury, inflammation, and remodeling.

Limitations

This study has several limitations that should be acknowledged. First, its single-center, retrospective nature inherently
carries risks of selection and unmeasured confounding bias, despite our statistical adjustments. Second, the relatively
small sample size may limit the statistical power to detect differences in individual, less frequent MACE components.
Third, the 6-month follow-up period is insufficient to evaluate the long-term impact of thBNP on hard endpoints such as
all-cause mortality or the progression of heart failure. Fourth, the absence of advanced imaging assessments (eg, cardiac
magnetic resonance for myocardial salvage or fibrosis) prevents a more nuanced understanding of its effects on
ventricular remodeling. Finally, as noted by a reviewer, the generalizability of our findings may be limited by the lack
of racial and ethnic diversity in our patient sample, which was recruited from a single geographic region.

Conclusion

In conclusion, this study suggests that adjunctive therapy with recombinant human brain natriuretic peptide (thBNP)
following PCI in patients with AMI is associated with improved left ventricular function, reduced levels of myocardial
injury and inflammatory stress biomarkers, and a lower incidence of major adverse cardiovascular events at 6 months
compared to standard medical therapy alone. The multifaceted pharmacological profile of rhBNP, encompassing
vasodilation, natriuresis, load reduction, and anti-inflammatory effects, underscores its potential clinical value in this
setting. However, these findings and their implications must be interpreted in the context of the study’s limitations,
including its retrospective design, potential for unmeasured confounding, and the absence of long-term follow-up beyond
six months. Consequently, claims regarding long-term cardiac protection require validation. The promising results herein
warrant verification in large-scale, multi-center, prospective randomized controlled trials to robustly establish the
efficacy, safety, and optimal role of rhBNP within standardized AMI treatment pathways.

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