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Abstract

Background A significant heart attack known as a myocardial infarction (MI) occurs when the blood supply to the heart is
suddenly interrupted, harming the heart muscles due to a lack of oxygen. The incidence of myocardial infarction is increas-
ing worldwide. A relationship between COVID-19 and myocardial infarction due to the recent COVID-19 pandemic has
also been revealed.

Objective We propose a biomarker and a method that can be used for the diagnosis of myocardial infarction, and an aptamer-
based approach.

Results For the diagnosis of myocardial infarction, an algorithm-based diagnosis method was developed using electrocar-
diogram data. A diagnosis method through biomarker detection was then developed.

Conclusion Myocardial infarction is a disease that is difficult to diagnose based on the aspect of a single factor. For this
reason, it is necessary to use a combination of various methods to diagnose myocardial infarction quickly and accurately. In
addition, new materials such as aptamers must be grafted and integrated into new ways.

Purpose of Review The incidence of myocardial infarction is increasing worldwide, and some studies are being conducted
on the association between COVID-19 and myocardial infarction. The key to properly treating myocardial infarction is early
detection, thus we aim to do this by offering both tools and techniques as well as the most recent diagnostic techniques.
Recent Findings Myocardial infarction is diagnosed using an electrocardiogram and echocardiogram, which utilize cardiac
signals. It is required to identify biomarkers of myocardial infarction and use biomarker-based ELISA, SPR, gold nanopar-
ticle, and aptamer technologies in order to correctly diagnose myocardial infarction.
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Introduction

Myocardial infarction (MI) is a form of severe heart attack
that damages the heart muscle due to a lack of oxygen due
to blockage of blood flow to the heart (Li 2020). MI occurs
when a coronary artery is occluded by thrombosis caused
by a burst or degraded atherosclerotic plaque, resulting in
myocardial necrosis (Shiffman et al. 2005). MI is caused
by a sudden blockage of coronary arteries. It has a sig-
nificant fatality rate. Patients may survive a heart attack.
However, the majority will suffer heart failure (HF) (Jin
et al. 2019).

Chest pain that radiates from the left arm to the neck,
shortness of breath, perspiration, nausea, vomiting, irreg-
ular heartbeat, anxiety, exhaustion, weakness, stress,
depression, and other causes are all signs of MI (Lu et al.
2015). For a long time, MI, one of the most frequent car-
diac illnesses, has posed a severe threat to human health
around the world. According to published data, the average
mortality rate of MI is around 27%, making it a leading
cause of death worldwide (Li 2020). High blood pressure,
smoking, and obesity have all been linked to the devel-
opment of MI in an epidemiological research (Jiao et al.
2018).

The coronavirus disease 2019 (COVID-19) outbreak
has quickly spread over the world (Rim 2021; Toscano
et al. 2021; Peltzer et al. 2022). COVID-19 has been found
in recent investigations to have the capacity to impact the
cardiovascular system directly or indirectly (Modin et al.
2020; Pinto and Cutlip 2020). Indeed, relevant cardiac
problems in COVID-19 patients with or without pre-
existing cardiovascular disease have been described in
various papers (Caldeira and Pinto 2021; Fardman et al.
2021; Shaw et al. 2022). The direct effects of COVID-19
infection on the cardiovascular system are more likely to
result in acute myocardial infarction, heart failure, and
life-threatening arrhythmias (Toscano et al. 2021). In one
investigation, patients with a new diagnosis of COVID-19
had a higher risk of acute MI than noninfected controls
(0.03 versus 0.01 percent; adjusted odds ratio: 1.22, 95%
CI: 1.08-1.38) (Katsoularis et al. 2021).

Myocardial infarction is caused by factors such as age,
cigarettes, and cholesterol that affect cardiovascular dis-
ease in general (Lu et al. 2015). Cardiovascular disorders
are the greatest cause of death in humans, with about 20
million people dying each year from acute cardiovascu-
lar events around the world. Every year, the global inci-
dence of myocardial infarction rises (Wu 2021). Because
of the high frequency of risk factors, 865,000 Americans
are diagnosed with MI each year, with 180,000 dying
from it (Shiffman et al. 2005). In addition, after the
recent COVID-19 pandemic, a decrease in the number of
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patients with acute cardiovascular disease was observed
in the early stages of COVID-19, but the mortality rate
from cardiovascular causes appeared to increase (Solomon
et al. 2021; Aktaa et al. 2022). Patients are hesitant to
visit hospitals as a result of COVID-19. The number and
death of patients with cardiovascular disease have grown
after they resumed hospital care (Fox et al. 2022). The
high prevalence of MI places a financial burden on both
families and society. It also has an impact on the quality
of life of MI patients (Wu 2021). Patients with sudden
onset chest discomfort regularly visit the emergency room,
yet only 15-20 percent of them have an acute myocar-
dial infarction (Neumann et al. 2017). A patient's risk of
mortality is doubled if a myocardial infarction diagnosis
is missed (Graff et al. 2006). Missing a diagnosis of myo-
cardial infarction might make the condition worse as some
medications can add to the overall cardiovascular burden
(Mladénka et al. 2018). Thus, it is necessary to accurately
diagnose myocardial infarction and prevent the wrong use
of drugs so that they do not cause toxicity to the heart. In
addition, it is necessary to diagnose myocardial infarc-
tion early and respond quickly to increase the chance of
survival of patients (Aylward 1996). Since the prognosis
is poor at the time of onset without specific symptoms,
an efficient method for diagnosing MI is required (Fig. 1)
(Bruyninckx et al. 2008).

Myocardial infarction diagnosis based on cardiac
signals

Myocardial infarction symptoms are typically asymptomatic.
Medical exams are often ineffective in detecting them. As a
result, abnormally intense chest pain and changes in blood
heart-related indicators as a result of ECG measures are used
to identify it.

An electrocardiogram (ECG) is one of the most basic
and quick procedures for assessing the heart. ECG plays
an important role in the early diagnosis and evaluation of
individuals with chest discomfort. An ECG is performed
as a standard procedure for MI diagnosis because of its low
cost, excellent safety, and quick reporting. Although ECG
is the most common method of diagnosing acute MI, only
50-57% of patients with acute MI can be diagnosed accu-
rately (Upasham et al. 2018; Khan et al. 2020).

To diagnose MI through ECG measurement, deep learn-
ing-based diagnostic research using electrocardiogram meas-
urement big data of patients is also being conducted. Based
on ECG results of MI patients and normal people, a deep
learning algorithm for diagnosing myocardial infarction was
developed and an automatic diagnosis model was developed.
In the case of myocardial infarction diagnosis using deep
learning, since some myocardial infarction patients have
multivascular disease, an approach to a new algorithm is
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required to derive accurate results from these patients. In
addition, there is difficulty in diagnosing MI using only ECG
because NSTE-ACS patients do not show the typical ECG
pattern of MI. Diagnosis of non-ST elevation acute coronary
syndrome (NSTE-ACS) requires a comprehensive evaluation
of changes in molecular markers such as ECG and troponin
(Birnbaum and Drew 2003; Zhang et al. 2019; Cho et al.
2020; Chen 2021).

Echocardiography is a test that uses sound waves to cre-
ate a real-time image of the heart. The resulting heart image
is called echocardiography (Corya et al. 1975). Echocardi-
ography is a way to monitor how the heart and valves are
functioning (Mollema et al. 2009). It is tested for signs of
heart problems. It is also used to diagnose cardiovascular
diseases such as MI (Gibson et al. 1982). Echocardiogra-
phy is an ideal method for assessing patients with MI since
it is a quick, noninvasive, portable, and inexpensive imag-
ing modality (MI). The functional result of coronary artery
disease (CAD), evaluation of global and segmental wall
motion, and MI consequences are all part of the echocardio-
graphic examination (Flachskampf et al. 2011). In the case
of electrocardiography and echocardiography, since diseases
are diagnosed by subjective diagnosis based on patterns that
appear, big data-based algorithmic approaches are increas-
ingly used to improve accuracy. For an accurate diagnosis
of myocardial infarction, it is necessary to diagnose using
an objective numerical value in a way of confirming changes
in biomarkers.

Molecular-based Ml detection
Cardiac biomarker-based Ml detection

The enzyme (EC 2.7.3.2) known as creatine kinase (CK),
often referred to as creatine phosphokinase (CPK) or phos-
phocreatine kinase, is present in a range of tissues and cells
(Aujla et al. 2019). CK catalyzes the conversion of creatine
to phosphocreatine (PCr) and adenosine diphosphate (ADP)
using adenosine triphosphate (ATP). Creatine kinase is
measured in blood tests as a sign of CK-rich tissue dam-
age in conditions such MI (heart attack), rhabdomyolysis
(severe muscle breakdown), muscular dystrophy, autoim-
mune myositides, and acute kidney injury (Moghadam-Kia
et al. 2016; Rashid et al. 2019). Creatin MB isoforms (CK-
MB) levels can also be used to detect MI because an elevated
CK-MB level is linked to myocarditis and electrical cardio-
version (Wilson Tang et al. 2007).

Myoglobin (abbreviated Mb or MB) is an iron-and oxy-
gen-binding protein found in cardiac and skeletal muscle
tissues of vertebrates in general. It is practically present in
all mammals. Myoglobin is only found in the bloodstream
following a muscle injury in humans (Ghani et al. 2000).
Myoglobin determination in combination with the detection
of other biochemical markers could be particularly valuable
for early triage of patients with MI (Winter et al. 2000).
Because myoglobin is a sensitive marker for muscle injury,
it could be used to detect a heart attack in patients who
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are experiencing chest pain (Weber et al. 2005). However,
because increased myoglobin level has a low specificity for
detecting acute myocardial infarction (AMI), other factors
such as CK-MB, cardiac troponin, ECG, and clinical symp-
toms should be considered in the diagnosis.

Troponin, also referred to as the troponin complex, is a
collection of three regulatory proteins (troponin C, troponin
I, and troponin T) involved in skeletal and cardiac muscle
contraction but not smooth muscle contraction (Ramachan-
dran et al. 2013). Cardiovascular I and T troponin subtypes
are sensitive and specific indications of heart muscle dam-
age (myocardium). Blood levels of troponin are measured
in patients with acute coronary syndrome or chest pain to
differentiate between unstable angina and myocardial infarc-
tion (heart attack) (Molina and Segura 1984). A myocardial
infarction victim will have a damaged patch of the heart
muscle and elevated levels of cardiac troponin in their blood
(Antman et al. 1996). Coronary vasospasm, a kind of myo-
cardial infarction characterized by significant constriction
of heart blood arteries, can also cause troponin. Troponin
levels can stay elevated for up to two weeks after a myocar-
dial infarction (January et al. 2014). Cardiac troponin is now
the sole recognized biomarker that can influence a change in
the care of a patient with acute coronary syndrome (Reiter
et al. 2013).

Copeptin, also known as CT-proAVP, is a 39-amino-acid
peptide generated from the C-terminus of arginine vasopres-
sin pre-pro-hormone, neurophysin II, and copeptin (Nickel
et al. 2012). The AVP gene encodes arginine vasopressin
(AVP), also known as antidiuretic hormone (ADH). AVP
is involved in many cardiovascular and renal pathways. It is
linked to a variety of disorders (Mueller et al. 2018). As a
result, while measuring AVP would be beneficial, it is not
usually done in clinical practice due to its short half-life,
which makes it difficult to quantify (Lui et al. 2015). Copep-
tin rapidly rises in a variety of acute conditions, including
acute myocardial infarction (Keller et al. 2010). However,
because copeptin is raised early in AMI and cardiac troponin
(cTn) (a structural protein of cardiomyocytes) is released
into the circulation in a time-dependent manner, its usage in
a dual-marker method alongside cTn has a solid pathophysi-
ological basis (Khan et al. 2007; Raskovalova et al. 2014).
This method has been thoroughly tested to rule out AMI as a
means of overcoming cTn release delays, particularly when
less sensitive conventional cTn assays are used. Copeptin
cannot be used to rule out AMI because it is increased in so
many circumstances (Raskovalova et al. 2014).

Cardiac myocytes can release a tiny cytoplasmic pro-
tein (15 kDa) called heart-type Fatty Acid-Binding Pro-
tein (H-FABP) (Kleine et al. 1992; Watanabe et al. 1993).
H-FABP, like other nine FABPs discovered so far, is engaged
in active fatty acid metabolism, transporting fatty acids from
the cell membrane to the mitochondria for oxidation (Jin
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et al. 2019). Previously, isolated rat hearts were found to
emit heart-type FABP (H-FABP) at a rate or amount similar
to lactate dehydrogenase after cellular damage (LDH) (Glatz
et al. 1988; Ecollan et al. 2007). H-FABP is primarily found
in the myocardium. It is rapidly released from the cytosol
into circulation following myocardial damage (Tanaka et al.
1991). This property, along with the enhanced permeability
of the endothelial barrier to small proteins, enables H-FABP
to exhibit significant release early after myocardial necrosis,
making it easier to detect H-FABP and providing a higher
capacity for early AMI diagnosis (Li et al. 2010).

Currently, myocardial infarction is diagnosed using vari-
ous biomarkers related to heart disease. Due to the recent
COVID-19 pandemic, the number of patients with myocar-
dial infarction is increasing. As a result of measuring tro-
ponin levels in COVID-19 patients in a recent study, out of
11,159 patients hospitalized for COVID-19, 6248 had tro-
ponin levels evaluated within 48 h and 4426 (71%) patients
were normal. In addition, 919 (15%) had mild elevations and
902 (14%) had severe elevations of troponin (Majure et al.
2021). Moreover, patients with elevated troponin levels had
an increased mortality rate than those with normal levels
(Piccioni et al. 2020; Ali 2021). These levels were not asso-
ciated with cardiovascular complications or elevations of
inflammatory markers. Based on these results, to diagnose
myocardial infarction, it is necessary to accurately diagnose
MI using various markers in combination.

Predictive test after myocardial infarction
diagnosis

Currently, after a diagnosis of cardiovascular disease such
as myocardial infarction, major risk factors related to cardio-
vascular disease must be regularly measured and managed.
Various parameters such as LDL cholesterol, and lipoprotein
that might be caused by blood vessel obstruction in heart
disease must be monitored on a regular basis.

Cholesterol is one of the factors that can affect blood
vessels. Among cholesterols, LDL and HLD are repre-
sentative factors (Kanter et al. 2012). The majority of cho-
lesterol is LDL (low-density lipoprotein), also known as
"bad" cholesterol. High levels of LDL cholesterol increase
your risk of heart disease and stroke. The "good" choles-
terol, HDL (high-density lipoprotein), absorbs cholesterol
and transports it back to the liver. It is then flushed from
the body by the liver. High levels of HDL cholesterol can
reduce your risk of heart disease and stroke. When the
body has too much LDL cholesterol, plaque can form on
walls of blood vessels (Lu et al. 2015). Plaque builds up
in blood vessels over time, narrowing them and blocking
blood flow. Angina (chest pain) or a heart attack can be
caused by obstructing blood flow to the heart. Although
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many patients with MI have normal HDL-C levels, stud-
ies suggest that a low blood concentration of HDL is the
largest independent risk factor for CAD, resulting in an
elevated risk of MI and stroke (Boden 2000). HDL tends
to decrease in many patients with acute myocardial infarc-
tion. Blood HDL level below 40 mg/dL may be an effec-
tive warning signal for the development of atherosclerosis
(Khan et al. 2013; Ramirez and Hu 2015).

Apolipoprotein Al (Apo-Al) is a prominent component
of HDL particles. It is involved in lipid metabolism in a
unique way (Frank and Marcel 2000). Apolipoprotein B is
the principal apolipoprotein found in chylomicrons, VLDL,
Lp(a), IDL, and LDL particles are responsible for trans-
porting lipids, particularly cholesterol, throughout the body
to all cells and organs. The primary protein component of
low-density lipoprotein is apolipoprotein B (Bodde et al.
2019). LDL has varying amounts of cholesterol. However,
each lipoprotein has only one protein, ApoB. Hence, ApoB
is a better predictor of the number of LDL particles than
LDL-C (Talmud et al. 2002; Walldius et al. 2021; Yaseen
et al. 2021). In a previous study, 175,553 participants were
recruited to confirm the link between apoB and apoA-I and
myocardial infarction. Concentrations of apoB, apoA-I, total
cholesterol, and triglycerides, the apoB/apoA-I ratio, LDL-
cholesterol concentrations, and HDL-cholesterol concentra-
tions were measured. In both men and women, apoB and
apoB/apoA-I ratios were highly and positively associated
with an elevated risk of fatal myocardial infarction (Walldius
et al. 2001).

As it has been discovered that cardiovascular disorders
such as myocardial infarction have an essential inflamma-
tory component, C-reactive protein (CRP), an acute phase
reactant as a downstream marker of inflammation, has been
associated with the degree of heart damage in the initial
phase of MI (Sakkinen et al. 2002; Gulhar et al. 2018).
Increased concentrations of IL-6, which is produced by
macrophages and adipocytes in response to a variety of
acute and chronic inflammatory conditions such as bacte-
rial, viral, or fungal infections, rheumatic and other inflam-
matory diseases, malignancy, and tissue injury and necrosis,
can cause acute phase response (Vanhaverbeke et al. 2018).
Since 2010, hsCRP (high sensitivity CRP) plasma concen-
tration has been employed as a biomarker for disease prog-
nosis in patients at intermediate risk for CVDs (Castro et al.
2018). In patients with a history of MI, C-reactive protein
is a well-known measure of cardiovascular risk (Pagidipati
et al. 2018; Lucci et al. 2020). There is mounting evidence
that hs-CRP is a key indicator of cardiovascular risk. It is
linked to the pathogenesis of atherosclerosis, making it use-
ful for both primary and secondary prevention (Silva and
Lacerda 2012). Therefore, hsCRP level can also be seen as a
factor that requires continuous monitoring after the onset of
cardiovascular diseases such as myocardial infarction.

Biomarker-based myocardial infarction diagnosis
method

Many degenerative processes occur after the commencement
of MI (such as the death of myocardial cells). They can pro-
gress into different diseases depending on the patient's status
(Li 2020). Pathological events such as necrosis, inflamma-
tion, hemodynamic stress, and thrombosis are linked to the
release of intracellular components into the bloodstream in
higher concentrations than usual in cardiovascular disease.
They are considered possible biomarkers (Martinez et al.
2019; Jaffe et al. 2021). In the case of myocardial infarc-
tion, its symptoms are unclear. When MI is not recognized
in time, the treatment time will be missed. In general, the
primary diagnosis of MI is made when pain in the arm, neck,
or chest continues for more than 30 min. The diagnosis is
made by checking changes in various factors, including basic
examination, electrocardiogram measurement, and blood. To
diagnose myocardial infarction at an early stage, studies have
been actively conducted to find biomarkers that are meaning-
ful in the diagnosis of myocardial infarction.

When myocardial infarction progressed, gene expres-
sion characteristics of a patient are analyzed to determine
changes in various factors. In this study, 30,905 samples
were analyzed. The MCFS method was applied for ranking
analysis using the expression profile of the patient sample
and the IFS method for SVM was used using the acquired
feature list. Through this, 134 characteristics were selected.
Factors capable of detecting myocardial infarction were
selected through cluster analysis (Fig. 2). It was feasible to
identify genes with elevated expression levels (DCK and
RNU4-7P) and genes with decreased expression levels
(KLHLS, HCLS1, MOB3A, IL17RA, ETF1, ZFAS1, CRK,
MXDI1, UBXN2B, FCAR and EXTL3) in post-MI by big
data analysis of gene expression features. The mechanisms
of MI can be revealed by analyzing changes in expression
pattern (Fig. 2A). Interaction networks were revealed in
some genes using gene interaction analysis of 134 distinctive
genes acquired from big data analysis, and the genes IL1R1,
TLR2, and TLR4 exhibited connections with MI (Fig. 2B)
(Li 2020). Factors closely related to a particular disease can
be identified through big data and interaction analysis, and
it will be applicable to other diseases.

Although many studies have been conducted to detect fac-
tors that change due to the occurrence of myocardial infarc-
tion, research on materials for detecting these factors is also
important. If the specificity and sensitivity of a material for
diagnosis are low, even if a disease occurs, it cannot be rec-
ognized. Thus, research on the development of a material is
also important.

An immunoassay using antibodies specific to the bio-
marker is commonly used to detect biomarkers circulating
in the bloodstream (Bagyinszky et al. 2014; Ma et al. 2021).
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Fig.2 Heatmaps and Gene Networks for 134 Genes Chosen from all
Myocardial Infarction Samples. A Gene Heat Map Results. Samples
are shown in the column, while genes are in the rows. Green (DO rep-
resents acute MI), red (D30 represents 30-days post-MI), and blue
(Y1 indicates 1-year post-MI) were used to color different phases of
samples. It could be shown that samples from different time points
had different expression patterns. There was a comparable cluster

Therefore, various antibodies have been developed to detect
biomarkers of myocardial infarction investigated above. An
on-site diagnosis system is also being developed based on
antibodies (Fathil et al. 2015).

For the diagnosis of myocardial infarction, a study was
conducted on materials and methods for detecting major bio-
markers that appeared in the onset of myocardial infarction.
An antibody-based ELISA method was attempted using an
antibody specific for biomarkers (Curley et al. 1989; Chiu
et al. 1999; Panag and Goyal 2012; Rojas et al. 2018). In
addition, studies have been conducted to detect biomarkers
using magnetic nanoparticles (Yang et al. 2008; Seo et al.
2017), gold nanoparticles (GNP) (Sharma et al. 2018), or
Surface Plasmon Resonance (SPR) technique (Wang et al.
2015; Ferreira et al. 2021) (Fig. 3). Most biomarkers for
myocardial infarction are composed of proteins. Thus, anti-
body-based approaches are mainly used to detect biomark-
ers. However, a variety of methods and materials are needed
to accurately diagnose and deal with myocardial infarction
(Table 1).

ELISA is a biochemical assay that uses antibodies and
an enzyme-mediated color change to determine whether a
sample contains antigen or antibody (Gan and Patel 2013;
Chepukosi et al. 2021). The detection of very minute
amounts of antigens is possible because basic immunology
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with highly expressed genes at each time point. B These gene con-
nections were obtained from a STRING database protein—protein
interaction network and drawn using STRING's online drawing
tool. Red circles indicate factors associated with myocardial infarc-
tion (Li, Ming, et al. "Identification of post-myocardial infarction
blood expression signatures using multiple feature selection strate-
gies." Frontiers in Physiology (2020): 483)

idea such as an antigen attaching to its specific antibody is
used to diagnose diseases. In some cases, CST4 overexpres-
sion in gastrointestinal cancer was found using an ELISA
test to diagnose the disease, with a sensitivity of 69 percent
and a specificity of roughly 85 percent (Dou et al. 2018).
Additionally, ELISA approach was used to identify and diag-
nose IgM/IgG produced in response to viral invasion to treat
COVID-19 (Adams 2020; Tripathi and Agrawal 2020). For
the diagnosis of myocardial infarction, an ELISA method
grafted with various materials was tried. A dynamic and
quasi-homogeneous ELISA has been reported based on the
combined use of bioconjugated magnetic nanochains (MNC)
and gold nanoparticle (AuNP) probes (Kumar et al. 2021;
Lietal. 2021a).

Surface plasmon resonance (SPR) is a technique for
detecting resonant oscillations of conduction electrons at
the interface of negative and positive permittivity materials.
Such oscillations are induced by incident light. The adsorp-
tion of a substance on a gold, silver, or metal nanoparticle
surface is often measured. Based on the SPR technique, it
was applied to detect the biomarker CD133 for diagnosing
leukemia patients (Fathi et al. 1863). Additionally, SPR was
used to detect food allergies using antigenic compounds
found in milk, peanuts, eggs, etc. (Zhou et al. 2019). For the
diagnosis of myocardial infarction biomarkers, research has
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been conducted by grafting them onto biomarkers such as
troponin and CK (Dutra and Kubota 2007; Fathil et al. 2015;
Pawula et al. 2016; Ferreira et al. 2021) (Fig. 4).

Aptamers are DNA and RNA oligonucleotide compounds
(high binding affinity) that can build loop-like three-dimen-
sional structures to detect various structural properties of
target substances (Lee et al. 2015a; Sekhon et al. 2017; Sek-
hon et al. 2019). They are also called ‘Chemical antibody’
due to their characteristic of specifically binding to a target
substance. Aptamers are screened using SELEX (systematic
evolution of ligands by exponential enrichment). Unbound
substances are repeatedly removed (10-15 times) to gener-
ate substances with the highest binding affinity to the target
substance (Song et al. 2017; Li et al. 2021b). Aptamers have
broad target selectivity (proteins, ions, chemicals, heavy
metals and cells) (Shin et al. 2020, 2022). They are inexpen-
sive and simple to manufacture (Shin et al. 2018a; Sekhon
et al. 2021). In addition, an aptamer is composed of nucleic
acids such as DNA and RNA, making it easy to modify.
Therefore, it can be applied as an aptamer-based sandwich

DNAzyme

assay platform. It has a feature that can be applied as a strip
sensor for real-time detection (Lee et al. 2015b; Shin et al.
2018b). An aptamer has been used to create a point-of-care
(POC) diagnostic sensor that can find cortisol in saliva. The
aptamer-based diagnostic sensor has a detection limit of
0.37 ng/mL and can detect cortisol concentrations between
0.5 and 15 ng/mL (Dalirirad et al. 2020). Additionally, an
aptamer that binds to the spike trimer antigen was chosen
and employed for diagnosis to identify SARS-COV-2. This
aptamer can detect an antigen at a concentration of at least
2 nM. Sensitivity and specificity for infected and uninfected
people were 91 and 98 percent, respectively (Gupta et al.
2021).

As a result, an aptamer for troponin I, one of the bio-
markers of myocardial infarction, has been developed lately
(Zhang et al. 2020). Without the need of labeling, pre-con-
centration, or amplification stages, the developed aptamer
can detect Tnl in the range of 0.03—2.0 ng mL~'. When 89
human samples were used to test Tnl detection performance
of aptamers, diagnostic sensitivity and specificity were 100
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Table 1 Detection Methods of Myocardial Infarction

Detection method Materials Biomarker Detection range Ref
(Limit)
Enzyme-linked immuno- Enzyme immunoassay CK-MB 0.25-1.44 ng/mL Kato et al. (1985)
sorbent assay (ELISA)
ELISA CK-MB 0.6-3.5 ng/mL Delanghe et al. (1990); Zhu et al.
Myoglobin 8-80 ng/mL (2007); Li et al. (2021a)
Troponin I 60 pg/mL
ELISA Copeptin 19.5 pmol/mL Zhu et al. (2011); Wang et al.
(2019)
ELISA H-FABP 0.39-164.58 ng/mL.  Dellas et al. (2014); Das (2016)
1.25-250 ng/mL
Surface Plasmon Resonance Surface plasmon resonance CK-MB 0.209 ng/mL Ferreira et al. (2021)
Surface plasmon resonance Troponin I 2.50 ng/mL Wei et al. (2003)
Nanoparticle Gold-SPE CK-MB 0.19-28.8 ug/mL Moreira et al. (2014)
Enzymatic silver deposition CK-MB 0.001-0.01 ng/mL.  Haque et al. (2015)
Electrochemical impedance CM 10-500 ng/mL Geng et al. (2017)
immunosensor using Gold
nanoparticle
Magnetic nanoparticle CK-MB, TroponinI — Yang et al. (2008)
Aptamer-gold conjugates Troponin I 24 pg/mL Zhang et al. (2020)
Aptamer Aptamer-gold electrode Troponin I 0.03-2.0 ng/mL Negahdary et al. (2018)
Aptamer Troponin I 2.4 pg/mL Zhang et al. (2020)
Aptasensor Troponin I 1.2 ng/mL Shu-Hai et al. (2014)
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Fig.4 SPR-based myocardial infarction biomarker diagnosis method.
A A sandwich assay SPR immunosensor with gold nanoparticles
attached to a detection antibody for signal amplification is shown
schematically. Sensorgram of binding experiments on active surfaces
utilizing AuNP-modified detector antibodies. B Amplification of the
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and 81%, respectively (Negahdary et al. 2018). In addition,
one study was done to choose an aptamer specific to Tro-
ponin among myocardial infarction biomarkers and to build
a diagnostic sensor to which it was attached for the diagnosis
of myocardial infarction (Jo et al. 2015; Grabowska et al.
2018) (Fig. 5).

Conclusion

With the recent outbreak of the COVID-19 pandemic, the
mortality rate due to myocardial infarction is increasing due
to a decrease in the frequency of hospital visits. The inci-
dence of myocardial infarction is also increasing in COVID-
19 patients (Rattka et al. 2021). Myocardial infarction is
caused by various factors such as diet and living environ-
ment (Lu et al. 2015). Blood vessels are clogged by various
factors. Thus, blood flowing into the heart decreases (Muse
et al. 2017). As there are no clear symptoms, factors and

Fig.5 Aptamer-based Myocar-

dial Infarction Biomarker Diag-

nosis Method. A The detection A
of cTnl is depicted in this dia-
gram. cTnl is introduced after
cTnl aptamer is immobilized on
the surface of the gold working
electrode. The drop in SWV
signal was used to determine
the concentration of ¢Tnl. (Jo,
Hunho, et al. "Electrochemical
aptasensor of cardiac troponin I
for the early diagnosis of acute
myocardial infarction." Ana- (,,
Iytical chemistry 87.19 (2015):

9869-9875.) B Integration

of aptamers to N3-modified d '
DNA aptamers (II) utilizing
Cu()-catalyzed click chemis- - <Tnl

try and (IV) passivation using

synthetic pyrene-PEG (green

layer) (Grabowska, Iwona, et al. B
"Electrochemical aptamer-based J
biosensors for the detection

of cardiac biomarkers." ACS
omega 3.9 (2018): 12,010-
12,018)
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methods for diagnosing and monitoring myocardial infarc-
tion are required (Bruyninckx et al. 2008).

In this review, various biomarker factors and diagnostic
methods for diagnosing myocardial infarction were summa-
rized. Here, we investigated biomarker factors that could
change when myocardial infarction occurred. We also sum-
marized biomarkers used for diagnosis and methods that
could derive new biomarkers. In addition, we investigated
biomarker factors that could be monitored to prevent recur-
rence after a diagnosis of myocardial infarction. Among
diagnostic methods of myocardial infarction, electrocardio-
gram measurement and diagnostic methods using biomark-
ers were investigated.

Currently, due to the development of big data and algo-
rithms, an algorithm-based analysis method using electro-
cardiogram data of myocardial infarction patients is being
performed to diagnose myocardial infarction (Zhang et al.
2019; Cho et al. 2020; Chen 2021). In addition, as a bio-
marker-based molecular diagnostic method, antibodies and
aptamers against factors were developed using biomarkers of
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myocardial infarction (such as Creatine kinase, myoglobin,
Troponin, Copeptin, and H-FABP), ELISA, strip sensor, and
nanoparticle using the same (Delanghe et al. 1990; Zhu et al.
2007; Li et al. 2021a). Research has been conducted to diag-
nose myocardial infarction by grafting with other techniques.

Myocardial infarction is a disease that needs to be
diagnosed early and dealt with quickly (Lu et al. 2015).
To increase the accuracy of diagnosis, the sensitivity and
specificity of detection technology must be improved. Using
a range of chemicals and technologies like ELISA, SPR,
and Aptamer that are used to detect diseases in a sophis-
ticated manner, it is vital to reliably and quickly identify
myocardial infarction. To prevent myocardial infarction and
improve diagnosis, a technique for removing factors involved
in blocking blood vessels is required.
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