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Abstract
BACKGROUND
Chronic heart failure (CHF) is a serious and prevalent condition characterized by impaired cardiac function and inflammation. Standard therapy for CHF has limitations, prompting the exploration of alternative treatments. Recombinant human brain natriuretic peptide (BNP) has emerged as a potential therapy, with evidence suggesting that it can improve cardiac function and reduce inflammation in patients with CHF. However, further research is required to determine the efficacy and safety of lyophilized recombinant human BNP in CHF patients and its impact on microinflammatory status. This study aimed to investigate the effects of lyophilized recombinant human BNP therapy on CHF patients’ cardiac function and microinflammatory status.

AIM
To investigate the effects of freeze-dried recombinant human BNP therapy on cardiac function and microinflammatory status in patients with CHF.

METHODS
In total, 102 CHF patients admitted to our hospital from January 2021 to January 2022 were randomly assigned to control and observation groups (n = 51 patients/group). The control patients were treated with standard HF therapy for 3 d, whereas the observational patients were injected with the recombinant human BNP for 3 d. Clinical efficacy, inflammatory factor levels, myocardial damage, cardiac function before and after the treatment, and adverse reactions during treatment were compared between the two groups.

RESULTS
The overall clinical efficacy was higher in the observation group than in the control group. Compared with baseline, serum hypersensitive C-reactive protein, N-terminal proBNP, and troponin I level, and physical, emotional, social, and economic scores were lower in both groups after treatment, with greater reductions in levels and scores noted in the observation group than in the control group. The overall incidence of adverse reactions in the observation group was not significantly different compared with that in the control group (P > 0.05).

CONCLUSION
Freeze-dried recombinant human BNP therapy can improve heart function and enhance microinflammatory status, thereby improving overall quality of life without any obvious side effects. This therapy is safe and reliable.
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Core Tip: Lyophilized recombinant human brain natriuretic peptide therapy can improve heart function and reduce microinflammation in patients with chronic heart failure, which signifies its potential as a safe and effective treatment option.


INTRODUCTION
Chronic heart failure (CHF) is a complex syndrome in cardiovascular medicine. It mostly occurs in middle-aged and older people and often clinically manifests as symptoms such as insufficient tissue perfusion and impaired circulation. Most drugs currently used in clinics are cardiotonic, diuretic, and vasodilator drugs that can relieve clinical symptoms and achieve some therapeutic effects. However, they are ineffective in the prognosis of patients’ recovery. Therefore, more effective treatments are required to improve patient prognosis and increase patient survival rates[1-3]. The lyophilized recombinant human brain natriuretic peptide (BNP) is an exogenous peptide that is widely used in cardiovascular diseases. The main action mechanism of this recombinant BNP is to bind to relevant receptors in the body and regulate the imbalance of the vascular system, improve the heart’s pumping capacity, inhibit sympathetic excitability, regulate cardiac hemodynamics, inhibit myocardial remodeling, and improve the symptoms of patients with cardiovascular diseases[4,5]. The present study investigated the effects of lyophilized recombinant cardiovascular drugs. We also determined the clinical effects of the lyophilized recombinant human BNP in CHF patients.

MATERIALS AND METHODS
General data
From January 2021 to 2022, 102 Swiss French patients who had CHF Control group and were Observation group (n = 51 patients/group) were enrolled in the present study. The patients were randomly assigned to the control or observation group. The control group included 27 men and 24 women. The mean patient age was 63–80 years (71.42 ± 5.33 years). The length of their disease was 2–16 years (11.03 ± 2.67 years). The disease etiology in the control group was: cardiomyopathy in six patients, valvular and precordial diseases in four, and ischemic myocardial damage in 41. New York Heart Association (NYHA) classification[6]: There were 15 cases of grade IV, 26 cases of grade III and 10 cases of grade II.. The observation group included 26 men and 25 women. The mean age of these patients was 65–79 years (71.45 ± 5.28 years). The length of their disease was 3–15 years (11.05 ± 2.70) years. The disease etiology in the observation group was: cardiomyopathy in five, valvular and precordial diseases in five, and ischemic myocardial damage in 41. According to the NYHA classification, 17 patients had grade IV HF, 23 patients had grade III HF, and 11 patients had grade II HF. No significant difference was observed between the two groups (P < 0.05). This study was approved by the hospital’s medical ethics committee, and all patients and their family members signed written informed consent forms. Based on the guidelines for the diagnosis and treatment of HF[7-9], the patients were diagnosed as having CHF. We included patients with a diagnosis of CHF, as confirmed through Doppler ultrasound or 2D echocardiography, and who met the aforementioned diagnostic criteria; typical clinical symptoms such as weakness, fluid retention, and dyspnea; left ventricular ejection fraction (LVEF) ≤ 40%, and manifestations such as an enlarged left ventricle and increased left ventricular end-systolic volume; and NYHA classification of grade II–IV. Patients with immune system disorders; impaired liver and kidney function; allergy to the study drugs; malignant tumors; and potassium > 5.0 mmol/L were excluded.

Treatment
The control group was administered standardized anti-HF treatment, namely oral metoprolol tartrate tablets (Yantai Ju Xian Pharmaceutical Co., Ltd., Guoxin H37022364, specification: 25 mg/tablet) at an initial dose of 12.5 mg/time twice daily. Then, according to the severity of the patient’s condition, the dose was adjusted’up to a maximum of 200 mg/d; spironolactone tablets (Shanghai Fuda Pharmaceutical Co. Ltd., Guo medicine Quan Zhi H31020841, specification: 20 mg/tablet) at a dose of 20 mg/time once daily; and olmesartanate tablets (Beijing Fuyuan Pharmaceutical Co., Ltd., Guo medicine Quan Zhi H20061312, specification: 20 mg/tablet) at a dose of 20 mg/time once daily for conventional cardiotonic, diuretic, and vasodilator treatment, respectively. The observation group was administered the recombinant human BNP injection (Chengdu Nordicom Bio-Pharmaceutical Co., Ltd., State Drug Quantification S20050033, specification: 0.5 mg/500 U/bottle) on top of the control group, that is, 0.5 mg BNP was added to 50 mL saline for intravenous infusion. The initial dose intravenously injected was 1.5 μg/kg, followed by 0.0075 μg/kg/min intravenously for 72 h. Both groups were treated continuously for 3 d.

Observation index 
Clinical efficacy: The focus needs to be on the internal disease during the comparison between before and after treatments[10-13]. Effective: clinical dyspnea and other symptoms disappeared, serum creatinine and BNP levels were normal, and NYHA-classified HF status improved by grade II or above. Effective: clinical dyspnea and other symptoms, and serum creatinine and BNP levels improved significantly, and the NYHA-classified HF status improved by grade I. Ineffective: clinical dyspnea and other symptoms, and serum creatinine and BNP levels did not improve. The NYHA classification remained almost unchanged. Total effective rate = (effective + effective) cases/total cases × 100%. 

Inflammatory response and myocardial injury index: Before including this patients in the study, he was sent to the laboratory to determine the high-sensitivity C-reactive protein (hs-CRP), NT proBNP, and troponin I (cTnI) levels. 

Cardiac function: LVEF and output per beat (SV) were measured before and after treatment using a Philips EPIQ7C ultrasound device for comparison between the two groups. 

Quality of life: The value of life in both groups was determined before using the LHFQ scale for heart disease[14-16]. This scale consists of four main dimensions: physical, emotional, social, and economic, with a total score of 40, 25, 20, and 20 for each dimension, respectively. 

Adverse reactions: No adverse reactions were observed during treatment, including headache, nausea, and hypotension.

Statistical analysis
SPSS 20.0 software was used for data analysis. The data were calculated using the hex 2 test [settings (%)], and the t test (mean ± SD). P < 0.05 was considered statistically significant.

RESULTS
Comparison of clinical outcomes between the two patient groups
As shown in Table 1, the overall clinical efficacy of the treatment was significantly higher in the observation group than in the control group (P < 0.05).

Comparison of inflammatory response and myocardial injury indicators between the two patient groups
As shown in Table 2, compared with the pretreatment period, serum hs-CRP, NT-proBNP, and cTnI levels were lower in both groups after treatment. The serum hs-CRP, NT-proBNP, and cTnI levels were significantly lower in the observation group than in the control group (P < 0.05).

Comparison of cardiac function between the two patient groups
As shown in Table 3, compared with the pretreatment period, LVEF and SV increased in both groups after treatment. LVEF and SV were significantly larger in the observation group than in the control group (P < 0.05).

Comparison of quality of life between the two patient groups
As presented in Table 4, compared to the pretreatment period, physical, emotional, social, and economic scores were lower in both groups after treatment, with the observation group exhibiting significantly lower scores than the control group (P < 0.05).

Comparison of adverse reactions between the two patient groups
No significant difference in the overall incidence of adverse reactions was observed between the observation and control groups during treatment (P > 0.05; Table 5).

DISCUSSION
CHF is a complex cardiovascular disease associated with a complex etiology. In CHF, the blood pumping capacity of the heart is reduced because of myocardial remodeling. To improve this condition, a series of compensatory mechanisms are initiated in the body that increases myocardial oxygen consumption and myocardial hypertrophy[17]. Conventional drugs can improve hemodynamics and promote respiratory function recovery, but the use of these drugs is limited by their lack of neuroendocrine regulation and their inability to inhibit myocardial remodeling.
The synthetic exogenous B-type natriuretic peptide, lyophilized recombinant human BNP, can bind to relevant receptors in the body, dilate blood vessels, participate in sodium excretion and diuresis, and improve hemodynamics [18]. The LHFQ scale can visually reflect the quality of life of patients. The higher the LHFQ score is, the better the quality of life is; that is, an improvement in patient-specific symptoms. The results revealed that critical attributes in the observation group were higher than those in the control group and the physical, emotional, social[19].
The inflammatory response can contribute to CHF progression. The higher the inflammatory factor levels in the body, the faster the disease progression. This is mainly because inflammatory factors promote cardiac remodeling and coronary atherosclerosis in CHF patients. NT-proBNP and cTnI indicate the extent of myocardial injury. They are positively correlated with the degree of myocardial injury. High expression of cTnI, a myocardial regulatory protein, in serum, indicates myocardial damage and hypoxia. High expression increases the permeability of myocardial cell membranes and worsens patients’ clinical symptoms of CHF. If LVEF and SV, which are ultrasound indices for clinically evaluating cardiac function, are abnormal in CHF patients, the heart’s pumping function is abnormal and the excitatory contraction of cardiomyocytes is inhibited, which eventually aggravates the clinical symptoms[20]. Lyophilized recombinant human BNP can promote mitochondrial metabolism in cardiomyocytes and enhance the use of ATP in cardiomyocytes, thereby regulating the contractile function of cardiomyocytes, improving the heart’s pumping function, reducing the degree of hypoxic injury in cardiomyocytes, and promoting cardiac function recovery. In addition, the recombinant human BNP can act on the renin–angiotensin–aldosterone mechanism, inhibit norepinephrine and aldosterone secretion and release in the body, reduce the load on cardiomyocytes, protect coronary artery cells, inhibit endothelial cell apoptosis. The study revealed that the treatment of myocardial cells was effective in reducing the load on myocardial cells. The aforementioned treatment also protected coronary artery cells and inhibited endothelial cell apoptosis, thereby correcting acute compensatory dysregulation of the body, relieving the body’s stress response, inhibiting inflammatory factor secretion and release, and reducing the degree of myocardial damage. 

CONCLUSION
Lyophilized recombinant human BNP therapy can enhance cardiac function, improve the microinflammatory status of the body, and thus enhance the overall quality of life without causing any significant adverse effects. This therapy is safe and reliable and worthy of clinical promotion and application. The shortcomings of this study are that it included only a small population, which was not representative. Additional studies with a larger sample size and a population with a greater age span are warranted to improve the accuracy and reliability of the results.

ARTICLE HIGHLIGHTS
Research background
Chronic heart failure (CHF) needs effective treatment, and the lyophilized recombinant human brain natriuretic peptide (BNP) has the potential to improve heart function and inhibit myocardial remodeling.

Research motivation
This study explored the potential of lyophilized recombinant human BNP therapy as a safe and effective treatment for CHF patients and to determine its ability to improve the clinical outcomes and overall quality of life in these patients.

Research objectives
This study aimed to investigate the effects of freeze-dried recombinant human BNP therapy on cardiac function and microinflammatory status in CHF patients and compare the clinical efficacy, inflammatory factor levels, myocardial damage, cardiac function, and adverse reactions with those of standard HF therapy.

Research methods
A total of 102 CHF patients were randomly assigned to the control or observation group, and both groups received treatment for 3 d. The control group received standard HF therapy, and the observation group received recombinant human BNP therapy. Clinical efficacy, inflammatory factor levels, myocardial damage, cardiac function, and adverse reactions were compared between the two groups before and after treatment.

Research results
After treatment, the observation group exhibited higher overall clinical efficacy than the control group. Serum high sensitivity C-reactive protein, N-terminal proBNP, and troponin I levels were lower in both groups after than before treatment, with greater reductions noted in the observation group. Physical, emotional, social, and economic scores were also lower in both groups after than before treatment, with greater improvements noted in the observation group. No significant difference was observed in the incidence of adverse reactions between the two groups. These findings suggest that freeze-dried recombinant human BNP therapy is safe and reliable and can improve heart function and reduce microinflammation in CHF patients.

Research conclusions
Freeze-dried recombinant human BNP therapy effectively improves heart function, reduces microinflammation, and enhances the overall quality of life of CHF patients. It causes no significant adverse reactions. These results suggest that this therapy can potentially be used as a safe and reliable treatment for CHF, and further studies are warranted to explore its long-term efficacy and safety.

Research perspectives
Future studies can focus on exploring the long-term efficacy and safety of freeze-dried recombinant human BNP therapy in CHF patients, as well as on investigating its potential use in combination with other therapies for improving clinical outcomes. Additional studies may be warranted to explore the underlying mechanisms to clarify how this therapy improves heart function and reduces microinflammation.
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Table 1 Comparison of the clinical outcomes between the two study groups, n (%)
	Group
	Visible effect
	Effective
	Invalid
	Total validity

	Control group (n = 51)
	15 (29.41)
	19 (37.25)
	17 (33.33)
	34 (66.67)

	Observation group (n = 51)
	25 (49.02)
	20 (39.22)
	6 (11.76)
	45 (88.24)

	χ2 value
	
	
	
	6.793

	P value
	
	
	
	0.009




Table 2 Comparison of the inflammatory response and myocardial injury indicators between the two study groups (mean ± SD)
	Group
	hs-CRP (mg/L)
	NT-proBNP (pg/mL)
	cTnI (mg/L)

	
	Before treatment
	After treatment
	Before treatment
	After treatment
	Before treatment
	After treatment

	Control group (n = 51)
	15.23 ± 1.57
	8.78 ± 0.94a
	1548.67 ± 255.81
	953.18 ± 115.55a
	0.24 ± 0.07
	0.18 ± 0.03a

	Observation group (n = 51)
	15.32 ± 1.41
	4.11 ± 0.65a
	1564.74 ± 256.92
	764.85 ± 86.74a
	0.23 ± 0.05
	[bookmark: OLE_LINK23]0.04 ± 0.01a

	t value
	0.305
	29.182
	0.317
	9.309
	0.830
	31.616

	P value
	0.761
	< 0.001
	0.752
	< 0.001
	0.408
	< 0.001


aP < 0.05 vs pretreatment. 
hs-CRP: High sensitivity C-reactive protein; BNP: Brain natriuretic peptide; cTnI: Troponin I.



Table 3 Comparison of the cardiac functions between the two study groups (mean ± SD)
	Group
	LVEF (%)
	SV (mL)

	
	Before treatment
	After treatment
	Before treatment
	After treatment

	Control group (n = 51)
	31.43 ± 4.54
	51.71 ± 7.98a
	44.28 ± 6.52
	52.85 ± 6.58a

	Observation group (n = 51)
	30.32 ± 4.45
	58.13 ± 7.62a
	43.65 ± 6.47
	76.47 ± 8.24a

	t value
	1.247
	4.155
	0.490
	15.996

	P value
	0.215
	< 0.001
	0.625
	< 0.001


aP < 0.05 vs pretreatment. 
LVEF: Left ventricular ejection fraction; SV: Stroke volume.

Table 4 Comparison of the quality of life between the two groups (mean ± SD, score)
	Group
	Physical strength
	Emotions
	Society
	Economy

	
	Before treatment
	After treatment
	Before treatment
	After treatment
	Before treatment
	After treatment
	Before treatment
	After treatment

	Control group (n = 51)
	34.48 ± 3.56
	22.72 ± 2.93a
	[bookmark: OLE_LINK1]17.42 ± 2.14
	7.12 ± 1.81a
	12.23 ± 2.54
	7.84 ± 1.52a
	10.25 ± 1.23
	6.52 ± 1.28a

	Observation group (n = 51)
	34.35 ± 3.41
	17.15 ± 2.64a
	17.63 ± 2.25
	5.83 ± 1.24a
	12.62 ± 2.45
	5.41 ± 1.24a
	10.36 ± 1.25
	4.25 ± 0.57a

	t value
	0.188
	10.086
	0.483
	4.199
	0.789
	8.847
	0.448
	11.570

	P value
	0.851
	< 0.001
	0.630
	< 0.001
	0.432
	< 0.001
	0.655
	< 0.001


aP < 0.05 vs pretreatment.



Table 5 Comparison of the adverse reactions between the two study groups, n (%)
	Group
	Headaches
	Nausea
	Low blood pressure
	Total occurrence of adverse reactions

	Control group (n = 51)
	1 (1.96)
	1 (1.96)
	1 (1.96)
	3 (5.88)

	Observation group (n = 51)
	0 (0.00)
	1 (1.96)
	1 (1.96)
	2 (3.92)

	χ2 value
	
	
	
	0.000

	P value
	
	
	
	1.000
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