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Background: Acute myocardial infarction (AMI) is a prevalent cardiovascular disease resulting from myocardial ischemia and
necrosis due to coronary artery occlusion. AMI is characterized by a sudden onset and high mortality, underscoring the signifi-
cance of early diagnosis and treatment for improving patient prognosis. This study endeavors to assess the utility of a combined
assessment involving serum brain natriuretic peptide (BNP), cardiac troponin-I (cTnI), and dynamic electrocardiogram (ECG)
in the early clinical diagnosis and prognosis prediction of AMI.
Methods: This paper constitutes a retrospective study. All enrolled patients underwent dynamic ECG examination. The study
compared the serum levels of BNP and cTnI, along with pertinent dynamic ECG parameters [turbulence slope (TS) and standard
deviation (SDNN) of the 24-hour interval between normal atrial depolarization and ventricular depolarization (R-R)], between
the observation group (AMI patients) and the control group (patients with unstable angina (UA)). To evaluate the early diagnostic
potential of AMI, we utilized receiver operating characteristic (ROC) curves to analyze serum BNP, cTnI, dynamic ECG, and
their combined utility. Furthermore, a follow-up period of 6 months was conducted for AMI patients to record major adverse
cardiovascular events (MACE).
Results: In the observation group, the serum levels of BNP and cTnI were significantly higher than those in the control group (p<
0.001), while dynamic ECG parameters, specifically TS and SDNN, were significantly lower in the observation group compared
to the control group (p< 0.001). The results obtained from the ROC curve analysis revealed that the area under the curve (AUC)
for BNP, cTnI, dynamic ECG, and their combination in early AMI diagnosis were 0.838, 0.887, 0.874, and 0.974, respectively.
The 95% confidence intervals (CI) were 0.781~0.884, 0.836~0.926, 0.822~0.915, and 0.942~0.991, respectively. Sensitivity values
were 64.29%, 82.14%, 91.07%, and 88.39%, and specificity values were 91.00%, 88.00%, 70.00%, and 98.00%, respectively.
Significantly, the combination of all three markers demonstrated superior efficacy in early AMI diagnosis compared to any single
index (p< 0.05). During the 6-month follow-up of 112 AMI patients, 22 experiencedMACE. TheMACE group exhibited notably
higher serum BNP and cTnI levels compared to the non-MACE group. Additionally, dynamic electrocardiogram parameters TS
and SDNN demonstrated a significant decrease (p < 0.05) in the MACE group.
Conclusions: The combined assessment of serum BNP, cTnI, and dynamic electrocardiogram enhances the early clinical diag-
nostic potential for AMI and holds value in assessing the prognosis of AMI patients.
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Introduction

Acute myocardial infarction (AMI) is a prevalent car-
diovascular disease, primarily caused by myocardial is-
chemia and necrosis resulting from coronary artery occlu-
sion [1]. Patients with AMI typically manifest characteris-
tic electrocardiographic changes, such as acute circulatory
dysfunction, severe and persistent chest pain, along with el-
evated serum myocardial enzymes [2,3]. Given its abrupt
onset and high mortality rate, early diagnosis and prompt

treatment of AMI are of paramount importance for patient
prognosis. Clinical diagnosis of AMI commonly relies on
serological markers and electrocardiograms. Among these,
cardiac troponin-I (cTnI) stands out as a crucial indicator
of myocardial injury, closely associated with the extent of
the damage, making it a pivotal serum marker for the clin-
ical diagnosis of AMI [4]. While cTnI boasts high sensi-
tivity in AMI diagnosis, it’s important to note that myocar-
dial damage can also occur in other clinical scenarios, such
as severe infections or trauma, which may lower the speci-
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ficity of cTnI. Therefore, it becomes imperative to com-
prehensively assess the presence of AMI by considering
other clinical manifestations and diagnostic examinations
[5]. Brain natriuretic peptide (BNP) is a neurohormone se-
creted by ventricular myocytes and released into the sys-
temic circulatory system when the ventricle undergoes di-
lation or experiences pressure overload [6]. Notably, BNP
levels demonstrate a rapid increase within the first 24 hours
following an acutemyocardial infarction, followed by a ten-
dency to stabilize. This characteristic renders BNP a valu-
able indicator for predicting the extent of ischemic injury
and damage to left ventricular function [7]. Dynamic elec-
trocardiogram (ECG) stands as an advanced cardiac electro-
physiological monitoring technique, capable of continuous
ECG signal recording over 24 hours and providing multi-
lead data [8]. Such examinations offer physicians a scien-
tifically grounded approach to enhance the accuracy of di-
agnosis and prognosis evaluation for various diseases. In
light of these considerations, this study conducted an anal-
ysis of the combined assessment of serum BNP, cTnI, and
dynamic ECG in the context of early clinical diagnosis and
prognosis assessment of AMI, shedding light on its practi-
cal applications in clinical settings.

Materials and Methods

Design and Procedures
A total of 112 AMI patients who were admitted to our

hospital betweenMay 2020 and January 2023 were selected
as the observation group. In addition, 100 patients diag-
nosed with unstable angina (UA) were chosen as the con-
trol group for this retrospective study. The purpose of this
study was to compare the observation group consisting of
AMI patients, with the control group consisting of patients
with unstable angina (UA) pectoris, whowere admitted dur-
ing the same period. The assessment involved comparing
the levels of serum BNP and cTnI, as well as related dy-
namic ECG parameters, which included turbulence slope
(TS) and the standard deviation (SDNN) of the 24-hour in-
terval between normal atrial depolarization and ventricular
depolarization (R-R).

Setting and Participants
The eligibility and exclusion criteria for patients were

assessed based on their inclusion status. Following a metic-
ulous screening process, the participants were randomly as-
signed. Inclusion criteria encompassed the following: (1)
Age ranging from 40 to 75 years; (2) Meeting the clini-
cal diagnostic criteria for AMI and UA as outlined in ref-
erences [9,10], which included having at least two of the
following three criteria: a clinical history of ischemic chest
pain, dynamic evolution of the electrocardiogram, and dy-
namic changes in serum myocardial marker concentration
indicative of myocardial necrosis; (3) Availability of com-
plete clinical data; (4) Demonstrating good compliance and

a commitment to follow-up. On the other hand, exclusion
criteria included: (1) Patients with severe hepatic or renal
insufficiency; (2) Patients with a history of brain trauma
or other cerebrovascular diseases; (3) Patients with infec-
tions or immune system disorders; (4) Patients diagnosed
with malignant tumors. No subjects were dropped from the
study, and approval for this researchwas granted by the hos-
pital’s ethics committee.

Observation Indexes
Sample Collection and Testing

Upon admission, 5 mL of fasting venous blood was
collected from all patients in the morning. Following cen-
trifugation, the supernatant was carefully collected and sub-
sequently stored in a freezer at –80 °C. Serum BNP and
cTnI expression levels were assessed using electrochemilu-
minescence, and the procedure was executed in accordance
with the provided instructions.

Treatment Procedure
All patients underwent percutaneous coronary inter-

vention (PCI) treatment and received oral administration
of 300 mg aspirin (Shandong Xinhua Pharmaceutical Co.,
Ltd., Shandong, China, Sinopharmate code: H37022905)
and 300 mg clopidogrel (Shenzhen Xinritai Pharmaceutical
Co., Ltd., Shenzhen, China, H20120018). Intraoperatively,
a 10,000 U dose of regular heparin (Wuhan Biochemical
Pharmaceutical Co., Ltd., Wuhan, China, Sinopharmary
code: H20123352) was administered. The embolized ar-
teries were located based on the placement of ECG leads
and the extent of vascular blockage. Balloons appropriate
for the patient’s specific conditions were chosen to dilate
constricted and occluded lumens. This was followed by
intravascular stent implantation, with post-dilation assess-
ments, including evaluating residual stenosis, distal coro-
nary artery blood flow, and the presence of intimal dissec-
tion or tears. Throughout the procedure, close monitoring
of the patient’s heart rate and blood pressure, as well as
vigilant observation of changes in ultrasound electrocardio-
grams, were maintained. Any patient issues were promptly
identified and addressed with symptomatic treatment. Fol-
lowing surgery, patients were placed on oral doses of clopi-
dogrel and aspirin, both at 75 mg per day, in addition to a 7-
day course of heparin injections (5000 U). Surgical success
criteria included local residual stenosis <20%, a thrombol-
ysis in myocardial infarction (TIMI) blood flow rating of
grade 3, and the absence of PCI-related complications.

Dynamic ECG Detection
In AMI patients, holter electrocardiography is not rou-

tinely performed prior to PCI. Instead, a 12-lead dynamic
ECG was utilized for patient assessment, allowing them to
be in either a standing or sitting position. Before attach-
ing the necessary electrodes, the skin areas were meticu-
lously cleanedwith 75% alcohol-soaked gauze. These areas
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Table 1. Baseline characteristics in two groups (x̄ ± s).
Grouping Observation

group (n = 112)
Control group
(n = 100)

Males 67 55
Females 45 45
Average age 66.83 ± 9.47 66.12 ± 9.04
Smoking (cases) 42 38
Hypertension (cases) 74 61
Diabetes mellitus (cases) 28 25
Hyperlipidemia (cases) 35 30

Table 2. Serum levels of BNP and cTnI in two groups (x̄ ± s).
Grouping BNP (pg/mL) cTnI (pg/L)

Observation group (n = 112) 161.73 ± 63.28 2.20 ± 0.68
Control group (n = 100) 97.64 ± 28.82 0.87 ± 0.33
t 9.302 17.776
p <0.001 <0.001
BNP, brain natriuretic peptide; cTnI, cardiac troponin-I.

encompassed the anterior chest, subclavian fossa, bilateral
upper limbs, bilateral lower limbs, and the region bilater-
ally subcostal, approximately 1 cm from the midline of the
clavicle. Following proper skin preparation, the electrode
pieces were secured, and the patient wore the ECG recorder.
ECG signals were continuously recorded from 8:00 am to
8:00 am the following day, providing a full 24-hour dataset.
Subsequently, various indicators such as turbulence slope
(TS) and the standard deviation (SDNN) of the 24-hour in-
terval between normal atrial depolarization and ventricular
depolarization (R-R) were meticulously analyzed.

Follow-up

The follow-up duration extended for a period of 6
months, during which no attrition of clinical patients oc-
curred. Throughout this follow-up period, the incidence
of major adverse cardiovascular events (MACE) [11] was
diligently recorded among AMI patients. Subsequently, pa-
tients were categorized into two distinct groups, namely the
MACE group and the non-MACE group, based on the oc-
currence of these adverse events. A comprehensive analysis
was then conducted to investigate the correlations between
serum BNP, cTnI, Holter monitor parameters, and the pres-
ence of MACE.

Statistics
SPSS 27.0 software (IBM Corp., Armonk, NY, USA)

was used to analyze the data. The measurement data were
consistent with normal distribution and the variance was
uniform, expressed by x̄ ± s. The comparison between the
two groups was tested by independent sample t value. The
counting data was represented by [n (%)] and tested using
χ2. The diagnostic value of serum BNP, cTnI, Holter mon-

Table 3. Two groups of dynamic ECG parameters (x̄ ± s).
Grouping TS (ms/RRI) SDNN (ms)

Observation group (n = 112) 1.92 ± 0.80 68.64 ± 16.17
Control group (n = 100) 3.10 ± 1.19 91.22 ± 19.44
t 8.552 9.227
p <0.001 <0.001
ECG, electrocardiogram; TS, turbulence slope; RRI, R-R inter-
vals; SDNN, standard deviation.

itor and their combination in the early stage of AMI was
analyzed by receiver operating characteristic (ROC) curve;
The difference with p < 0.05 was statistically significant.

Results

Basic Data and Serum BNP and cTnI Levels
In the observation group, there were 67 male and 45

female patients, with an average age of (66.83 ± 9.47)
years, ranging from 40 to 75 years. Additionally, 42 of
them had a history of smoking, 74 had hypertension, 28
had diabetes mellitus, and 35 had hyperlipidemia. In the
control group, there were 55 male and 45 female patients,
with an average age of 66.12 ± 9.04 years, within the age
range of 42 to 75 years. Among them, 38 had a history of
smoking, and there were 61 cases of hypertension, 25 cases
of diabetes, and 30 cases of hyperlipidemia. There were
no significant differences in terms of gender, age, smoking
history, and the presence of comorbidities between the two
groups (p> 0.05). See Table 1. However, in comparison to
the control group, the observation group exhibited signifi-
cantly higher levels of serum BNP and cTnI (p < 0.0.001)
(refer to Table 2).

Dynamic ECG Parameters
Versus the control group, the dynamic ECG parame-

ters TS and SDNN of the observation group were lower (p
< 0.001) (Table 3).

The Efficacy of Serum BNP, cTnI, Dynamic
Electrocardiogram and Combined Detection in the
Early Diagnosis of AMI

The ROC curve analysis revealed that the area under
the curve (AUC) for serum BNP, cTnI, and dynamic ECG
in the early diagnosis of AMI were 0.838, 0.887, and 0.874,
respectively. Notably, when all three markers were com-
bined for diagnosis, the AUC value reached an impressive
0.974. The 95% confidence intervals (CI) for these AUC
values were 0.781~0.884, 0.836~0.926, 0.822~0.915, and
0.942~0.991, respectively. The corresponding sensitivities
were 64.29%, 82.14%, 91.07%, and 88.39%, while speci-
ficities were 91.00%, 88.00%, 70.00%, and 98.00%, in the
same order. Importantly, the combined diagnosis of AMI
exhibited significantly superior efficacy compared to the in-
dividual markers of BNP, cTnI, and dynamic ECG (p <

0.05) (refer to Table 4 and Fig. 1).
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Table 4. The efficacy of serum BNP, cTnI, dynamic ECG and combined detection in the early diagnosis of AMI.
Indexes Cutoff AUC Youden index 95% CI Sensitivity Specificity

BNP 136.66 pg/mL 0.838 0.553 0.781~0.884 64.29 91.00
cTnI 1.19 pg/L 0.887 0.701 0.836~0.926 82.14 88.00
Dynamic ECG / 0.874 0.611 0.822~0.915 91.07 70.00
Combination of the three / 0.974 0.864 0.942~0.991 88.39 98.00
AMI, Acute myocardial infarction; AUC, area under the curve; CI, confidence intervals.

Table 5. Serum BNP, cTnI and dynamic electrocardiogram parameters in MACE group and non-MACE group (x̄ ± s).
Grouping BNP (pg/mL) cTnI (pg/L) TS (ms/RRI) SDNN (ms)

MACE group (n = 22) 195.26 ± 75.14 2.75 ± 0.73 1.67 ± 0.65 60.55 ± 14.36
Non-MACE group (n = 90) 153.53 ± 68.70 2.07 ± 0.59 1.98 ± 0.64 70.62 ± 18.13
t 2.507 4.618 2.031 2.423
p 0.014 <0.001 0.045 0.017
MACE, major adverse cardiovascular events.

Fig. 1. Receiver operating characteristic (ROC) curve of
serum BNP, cTnI, dynamic electrocardiogram and combined
detection in the diagnosis of early AMI.

Occurrence of Major Cardiovascular Adverse Events
in Patients with AMI

Throughout the 6-month follow-up period, 22 AMI
patients experienced MACE, designating them as the
MACE group. These events included 7 cases of angina
pectoris, 10 cases of recurrent myocardial infarction, and 2
cases of heart failure. In contrast, 90 patients in the non-
MACE group did not encounter MACE. It’s noteworthy
that when comparing the two groups, the MACE group ex-
hibited higher levels of serum BNP and cTnI, along with
lower values for dynamic ECG parameters TS and SDNN
(p < 0.05) (refer to Table 5).

Discussion

The pathogenesis of AMI primarily stems from coro-
nary atherosclerosis, which results in the obstruction of
coronary blood flow due to thrombosis. This, in turn,

swiftly diminishes the blood supply to cardiomyocytes,
leading to ischemic necrosis of these heart muscle cells
[12,13]. Furthermore, a sharp increase in oxygen demand
by cardiomyocytes and the possibility of coronary artery
spasms can also contribute to ischemic necrosis [14,15].
The hallmark symptoms of AMI patients often encompass
persistent and severe chest pain, accompanied by elevated
body temperature. In severe instances, patients may ex-
perience arrhythmias, heart failure, and, in the most criti-
cal cases, even shock. Notably, chest pain is the predomi-
nant initial symptom of angina pectoris in the early stages
of AMI, which can potentially lead to the underdiagnosis
or misdiagnosis of AMI patients, thereby impacting their
prognosis [16]. Hence, the importance of early diagnosis
and treatment for AMI cannot be overstated. These mea-
sures have the potential to reduce myocardial necrosis, de-
crease the likelihood of complications, and ultimately en-
hance the prognosis of AMI patients.

The results of the study indicated that the levels of
serum BNP and cTnI in the observation group were sig-
nificantly higher compared to the control group. Addi-
tionally, the parameters TS and SDNN in the observation
group were notably lower than those in the control group.
These findings underscore the potential of serum BNP,
cTnI, and dynamic ECG as valuable tools for the early di-
agnosis of AMI. BNP, a hormone produced by ventricu-
lar myocytes, serves a dual role by not only inhibiting the
renin-angiotensin-aldosterone system but also promoting
the dilation of glomerular arteries and blood vessels [17].
When AMI occurs, the myocardium undergoes ischemic
and necrotic changes, leading to reduced contractility and
decreased compliance. Consequently, myocardial stretch-
ing, elevated heart rate, and increased atrial and ventricular
volume and wall tension load ensue. In response to this
negative feedback, the body initiates the synthesis and se-
cretion of substantial amounts of BNP [18].

A related study [19] has demonstrated a positive cor-
relation between the increase in serum BNP levels and the
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size and severity of myocardial infarction. Notably, even
before abnormal left ventricular systolic function manifests
in patients with non-ST segment elevation myocardial in-
farction, their serum BNP levels significantly rise. This
suggests that BNP is intricately linked to the early stages
of myocardial infarction and can serve as an adjunct di-
agnostic indicator for early AMI [20]. In contrast, cTnI
stands as a commonplace serum marker for clinically de-
tecting myocardial cell injury, playing a pivotal role in the
diagnosis of AMI [21,22]. Furthermore, 24-hour dynamic
ECG has become a common clinical cardiology examina-
tion method in recent years. Previous studies have unveiled
a substantial correlation between the heart rate turbulence
index TO and TS, and the degree of coronary artery disease.
Among these, TS exhibits the strongest correlation and can
serve as an effective indicator for predicting the extent of
coronary artery disease and identifying high-risk patients
[23]. Additionally, SDNN, a parameter of heart rate vari-
ability, represents a crucial index reflecting the equilibrium
between sympathetic and vagus nerve activity, and is asso-
ciated with myocardial injury in AMI patients [24]. Both
TS and SDNN hold valuable reference value in AMI diag-
nosis, consistent with the outcomes of prior research [25].

In this study, the ROC curve analysis revealed that the
AUC values for serum BNP, cTnI, and dynamic ECG in
the early diagnosis of AMI were 0.838, 0.887, and 0.874,
respectively. These results indicate that they can be uti-
lized as reliable indicators for the early diagnosis of AMI.
Furthermore, when these three markers were combined for
diagnosis, the AUC value significantly increased to 0.974,
yielding a sensitivity of 88.93% and a specificity of 98.00%.
This suggests that combining serum BNP and cTnI with dy-
namic ECG can enhance the specificity and diagnostic ac-
curacy in the early diagnosis of AMI. Studies have demon-
strated that the rate of BNP increase is most rapid within
the first 12 to 20 hours of the early stages of AMI. After-
ward, this increase slows down between 20 to 24 hours,
eventually peaking at the 24-hour mark following the on-
set of symptoms [26,27]. Hence, BNP holds substantial
value in the early diagnosis of AMI. It is well-established
that myocardial injury in AMI patients occurs subsequent
to myocardial ischemia. Therefore, the increase in serum
cTnI levels tends to lag behind BNP, but it persists for a
relatively longer duration. However, it’s important to note
that myocardial injury induced by factors other than AMI
can also result in elevated cTnI levels. As such, cTnI is not
generally employed as a standalone early diagnostic marker
for AMI [28,29]. Moreover, AMI can contribute to a de-
crease in heart rate variability, which subsequently leads to
reduced sympathetic nerve activity and tension, along with
a decrease in TS and SDNN [30]. Consequently, combining
dynamic ECG detection with serum markers BNP and cTnI
results in a more comprehensive and precise early diagnosis
of AMI, thus enhancing its clinical diagnostic value.

Furthermore, this study has also uncovered notable
differences in serum BNP, cTnI levels, and dynamic ECG
parameters TS and SDNN among AMI patients with vary-
ing prognoses. The levels of serum BNP and cTnI in the
MACE group are significantly higher than those in the non-
MACE group, while TS and SDNN are significantly lower.
These findings indicate that serum BNP, cTnI, and dynamic
ECG can also serve as indicators of AMI prognosis, which
aligns with the conclusions drawn by Xin XW et al. [31].

Conclusions

In conclusion, the combined detection of serum BNP,
cTnI, and dynamic ECG holds significant value in both the
early diagnosis and prognosis evaluation of AMI. Signifi-
cantly, the combination of all three markers demonstrated
superior efficacy in early AMI diagnosis compared to any
single index.

Availability of Data and Materials

The data used to support the findings of this study are
available from the corresponding author upon request.

Author Contributions

QXY contributed to the conception of the study and
performed the study. SYY helped to collect the data
and performed data collection and manuscript preparation
with constructive suggestions. QXY and SYY wrote the
manuscript. Both authors are responsible for all aspects of
their work, ensuring that issues relating to the accuracy or
completeness of any part of their work are properly inves-
tigated and resolved. Both authors have reviewed and ap-
proved the manuscript.

Ethics Approval and Consent to Participate

This study has been approved by the ethics committee
of The First People’s Hospital of Chun’an County (2023-
04-12-19), in compliance with the Declaration of Helsinki.
All patients and their families give informed consent.

Acknowledgment

Not applicable.

Funding

This research received no external funding.

Conflict of Interest

The authors declare no conflict of interest.

https://www.discovmed.com/


603

References

[1] Hodzic E, DrakovacA, Begic E. Troponin and CRP as Indicators
of Possible Ventricular Arrhythmias in Myocardial Infarction
of the Anterior and Inferior Walls of the Heart. Materia Socio-
medica. 2018; 30: 185–188.

[2] Bettin M, KoopmannM, Mönnig G, Pott C. Delayed occurrence
of an accelerated idioventricular rhythm with alternating bundle
branch block after myocardial infarction as predictor of sudden
cardiac arrest: a case report. European Heart Journal. Case Re-
ports. 2020; 4: 1–7.

[3] Damluji AA, van Diepen S, Katz JN, Menon V, Tamis-Holland
JE, Bakitas M, et al. Mechanical Complications of Acute My-
ocardial Infarction: A Scientific Statement From the American
Heart Association. Circulation. 2021; 144: e16–e35.

[4] Chaulin AM, Duplyakova PD, Bikbaeva GR, Tukhbatova
AA, Grigorieva EV, Duplyakov DV. Concentration of high-
sensitivity cardiac troponin I in the oral fluid in patients with
acute myocardial infarction: a pilot study. Russian Journal of
Cardiology. 2020; 25: 3814.

[5] Sandoval Y, Nowak R, deFilippi CR, Christenson RH, Pea-
cockWF,McCord J, et al. Myocardial Infarction Risk Stratifica-
tion With a Single Measurement of High-Sensitivity Troponin I.
Journal of the American College of Cardiology. 2019; 74: 271–
282.

[6] Bełtowski J. Short-term follow-up BNP level and risk stratifica-
tion after myocardial infarction. International Journal of Cardi-
ology. 2019; 291: 173–174.

[7] Greenberg B, Peterson ED, Berger JS, Laliberté F, Zhao Q, Ger-
main G, et al. Ejection fraction, B-type natriuretic peptide and
risk of stroke and acute myocardial infarction among patients
with heart failure. Clinical Cardiology. 2019; 42: 277–284.

[8] Zhang Y, Wang J, Xu Y. Value of heart rate variability on dy-
namic electrocardiogram in predicting ventricular fibrillation in
elderly acute myocardial infarction patients. Annals of Palliative
Medicine. 2020; 9: 3488–3494.

[9] Gillum RF, Fortmann SP, Prineas RJ, Kottke TE. International
diagnostic criteria for acute myocardial infarction and acute
stroke. American Heart Journal. 1984; 108: 150–158.

[10] Chinese Medical Association Branch. Diagnosis and treatment
of unstable angina pectoris. Chinese Journal of Cardiology.
2000; 6: 409–412.

[11] Yang Y, Wu D, Wang H, Wang Y. Prognostic value of global
longitudinal strain in hypertrophic cardiomyopathy: A system-
atic review and meta-analysis. Clinical Cardiology. 2022; 45:
1184–1191.

[12] Samsky MD, Morrow DA, Proudfoot AG, Hochman JS, Thiele
H, Rao SV. Cardiogenic Shock After Acute Myocardial Infarc-
tion: A Review. JAMA. 2021; 326: 1840–1850.

[13] Roth GA, Forouzanfar MH, Moran AE, Barber R, Nguyen G,
Feigin VL, et al. Demographic and epidemiologic drivers of
global cardiovascular mortality. The New England Journal of
Medicine. 2015; 372: 1333–1341.

[14] Gami BN, Patel DS, Haridas N, Chauhan KP, Shah H, Trivedi
A. Utility of Heart-type Fatty Acid Binding Protein as a New
Biochemical Marker for the Early Diagnosis of Acute Coronary
Syndrome. Journal of Clinical and Diagnostic Research. 2015;
9: BC22–BC24.

[15] Røsjø H, VarpulaM, Hagve TA, Karlsson S, Ruokonen E, Pettilä
V, et al. Circulating high sensitivity troponin T in severe sepsis
and septic shock: distribution, associated factors, and relation to
outcome. Intensive Care Medicine. 2011; 37: 77–85.

[16] Verdoia M, Schaffer A, Barbieri L, Di Giovine G, Bellomo
G, Marino P, et al. Impact of neutrophil-to-lymphocyte ratio

on periprocedural myocardial infarction in patients undergo-
ing non-urgent percutaneous coronary revascularisation. Nether-
lands Heart Journal. 2016; 24: 462–474.

[17] Bassan F, Bassan R, Esporcatte R, Santos B, Tura B. Very Long-
Term Prognostic Role of Admission BNP in Non-ST Segment
Elevation Acute Coronary Syndrome. Arquivos Brasileiros De
Cardiologia. 2016; 106: 218–225.

[18] Hubers SA, Schirger JA, Sangaralingham SJ, Chen Y, Burnett
JC, Jr, Hodge D, et al. B-type natriuretic peptide and cardiac re-
modelling after myocardial infarction: a randomised trial. Heart.
2021; 107: 396–402.

[19] Zhang SH, Liu HL, Mao L, Lin BH, Ma C. Predictive value
of serum carbohydrate antigen 125 and brain natriuretic peptide
levels in the occurrence and severity of heart failure after my-
ocardial infarction. Chinese Journal of Arteriosclerosis. 2019;
1: 55–60.

[20] Liu BY,Wang SM, Zhang FM, Liu S. Difference of BNP in non-
ST-segment elevation myocardial infarction and unstable angina
in early differential diagnosis and prognosis of risk assessment.
The Journal of Practical Medicine. 2017; 33: 3956–3959.

[21] Gibbs J, deFilippi C, Peacock F, Mahler S, Nowak R, Christen-
son R, et al. The utility of risk scores when evaluating for acute
myocardial infarction using high-sensitivity cardiac troponin I.
American Heart Journal. 2020; 227: 1–8.

[22] Mu XF, Zhao X, Ren LL, Wang L, GU C, Wang X, et al. Clini-
cal observation of recombinant human brain natriuretic peptide
in patients with acute left heart failure complicated with acute
myocardial infarction after percutaneous coronary intervention.
Chinese Journal of Interventional Cardiology. 2016; 24: 32–36.

[23] Kusuki H, Tsuchiya Y, Mizutani Y, Nishio M, Oikawa S, Na-
gata R, et al. QT Variability Index is Correlated with Autonomic
Nerve Activity in Healthy Children. Pediatric Cardiology. 2020;
41: 1432–1437.

[24] Huang J, Qian J, Yao W, Wang N, Zhang Z, Cao C, et al. Va-
gus nerve stimulation reverses ventricular electrophysiological
changes induced by hypersympathetic nerve activity. Experi-
mental Physiology. 2015; 100: 239–248.

[25] Umnov IN, Bobrov AL, Alekhin MN. Contrast Echocardiogra-
phy with a Quantitative Assessment of Myocardial Perfusion in
Patients with Previous Q-Wave Myocardial Infarction. Kardi-
ologiia. 2020; 60: 17–23.

[26] Chen Y, Tao Y, Zhang L, Xu W, Zhou X. Diagnostic and prog-
nostic value of biomarkers in acute myocardial infarction. Post-
graduate Medical Journal. 2019; 95: 210–216.

[27] Ding M, Li M, Yang H. Clinical diagnostic value of combined
detection of IMA, D-D and MCP-1 in acute myocardial infarc-
tion. Experimental and Therapeutic Medicine. 2021; 21: 457.

[28] Lu XC, Lu JZ. Expression level and prognostic value of serum
cystatin C, brain natriuretic peptide and interleukin-33 in pa-
tients with acute myocardial infarction. The Chinese Journal of
Clinical Pharmacology. 2022; 38: 2124–2127. (In Chinese)

[29] Arslan M, Dedic A, Boersma E, Dubois EA. Serial high-
sensitivity cardiac troponin T measurements to rule out acute
myocardial infarction and a single high baseline measurement
for swift rule-in: A systematic review and meta-analysis. Euro-
pean Heart Journal. Acute Cardiovascular Care. 2020; 9: 14–22.

[30] Fan LB, Fan QH, Fan S, Zhou J, Du WQ. Diagnostic value of
24h Holter monitor parameters in patients with acute myocar-
dial infarction with malignant ventricular arrhythmia. Shandong
Medical Journal. 2023; 63: 65–68. (In Chinese)

[31] Xin XW, Dong YN, Sun LY. The Relationship between Heart
Rate Variability Pareters of Electrocardiogram and Myocardial
IIlj ury in Patients with AMI and Analysis of Joint PredictiVe
Prognosis Imaging Science and Photochemistry. Image Science
and Photochemistry. 2021; 39: 625–630. (In Chinese)

https://www.discovmed.com/

	Introduction
	Materials and Methods
	Design and Procedures
	Setting and Participants
	Observation Indexes
	Sample Collection and Testing
	Treatment Procedure
	Dynamic ECG Detection
	Follow-up

	Statistics

	Results
	Basic Data and Serum BNP and cTnI Levels 
	Dynamic ECG Parameters
	The Efficacy of Serum BNP, cTnI, Dynamic Electrocardiogram and Combined Detection in the Early Diagnosis of AMI
	Occurrence of Major Cardiovascular Adverse Events in Patients with AMI

	Discussion
	Conclusions
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

