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A B S T R A C T 

Nowadays, problems in healthcare sector seem to be more crucial than ever. Among these, cardiovascular 

diseases (CVDs) play an important role, being for years a major threat to human health. In a bid to reduce 

the number of deaths due to heart diseases by taking precautions, science has turned to the development of 

devices able to offer early diagnosis of a heart failure. Recently, many biosensors have been developed 

based on cardiac biomarkers that can be detected in blood and predict the risk of heart failure. Of these, 

cardiac troponin is the best known, while C-reactive protein and myoglobin have also been used. Troponin 

is a complex of proteins found in the thin filaments of striated muscles and consists of three protein subunits, 

I, C and T. In case of myocardial malfunction, troponin is released into the blood. Consequently, the 

detection of elevated troponin levels at an early stage in human serum, is an indication of high risk of 

cardiovascular event enabling early medical intervention and treatment. In the present work, after the 

analysis of heart diseases, medical tests, troponin and its role in controlling myocardial health, there is an 

overview of the available biosensor platforms for cardiac biomarkers detection. 

 

                                                                    © 2022 Vasilopoulou Angeliki. Hosting by Science Repository.  

 

Introduction 

 

It is widely accepted that nowadays, healthcare sector is in a state of 

global turmoil. Science and technology are called to sustain medicine by 

consisting of a weapon to fight all life-threatening ailments and diseases. 

Cardiovascular diseases (CVDs) are the cause for about 18 million 

deaths each year, according to the World Health Organization. More than 

75% of them occur in low- and middle-income countries, where access 

to health care is limited. In fact, it is predicted that by 2030, 7 out of 10 

deaths worldwide will be the result of chronic diseases, with 

cardiovascular diseases accounting for the largest percentage of them [1, 

2].  

 

The risk factors for CVDs are numerous and unfortunately almost 

inevitable due to the modern lifestyle in urban areas. They are related to 

stress, fast pace of life, lack of physical exercise, poor diet, or drug abuse. 

The effects of these factors have an impact in human health causing high 

blood pressure, blood glucose, blood lipids or obesity and indicate a high 

risk of heart attack, heart failure and many other complications [3]. The 

prognosis for CVDs is crucial for both the healthcare sector and the 

global economy. However, early detection of vulnerable population 

groups and appropriate treatment can prevent premature death. In fact, a 

recent report by the US Centers for Disease Control and Prevention 

states that almost a quarter of all deaths caused by CVDs can be 

prevented if precautions are taken [4]. 

 

Therefore, there has been a growing demand for the development of 

portable, fast, easy-to-use and low-cost devices that are used to prevent 

cardiovascular diseases. In these circumstances, biosensors play an 

important role, as they enable early diagnosis with no need for a hospital 

visit associated with costly and time-consuming laboratory tests.  

 

Troponins have been introduced into laboratory testing and the diagnosis 

of heart disease as highly specific and sensitive biological markers of 

myocardial damage. They form a protein complex located in the 

myocardium and consist of subunits I, C and T. The detection of elevated 

troponin levels in the blood is the first and basic sign of myocardial 

damage. In this case, further medical tests and treatments should follow 

in order to avoid the risk of patient's life [5, 6].  

 

The present work, therefore, aspires to provide the essential information 

about CVDs, biological markers, medical examinations in order to 
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review the available detection techniques and considerations to create 

more practical biosensors that could help people of high-risk groups.  

 

Methods 

 

Scientific terms such as “biosensors”, “biomolecule detection 

techniques”, “cardiac biomarkers” and “troponin” were searched in 

PubMed, Google Scholar, ScienceDirect. The appropriate articles were 

studied and a bibliographic research was done to select the information 

and form the present review.  

 

Review of Literature 

 

I Cardiovascular Diseases and Medical Tests  

 

Among the cardiac disorders, many of them concern the heart itself, 

while others are related to pathology of the large vessels that are directly 

associated with it as well as its association with other pathological 

conditions. The most common CVDs are: [7] 

i. Heart attack: Interruption of blood supply to the heart muscle, 

resulting from blocked arteries [8]. 

ii. Angina: Chest pain resulting from the heart not receiving 

enough oxygen, a common symptom of coronary heart 

disease [9]. 

iii. Coronary artery disease (CAD): Hardening of the arteries 

that supply blood to the heart. Acute coronary syndromes 

include: [10] 

a. acute myocardial infarction (AMI) with ST-segment 

elevation (STEMI), 

b. acute myocardial infarction (AMI) without ST elevation 

(NSTEMI), 

c. unstable angina. 

 

iv. Arrhythmia: Any change in the normal rhythm of the 

heartbeat [11]. 

v. Chronic or congestive heart failure: Inability of the heart to 

pump enough blood through the body to ensure a sufficient 

supply of oxygen [12]. 

vi. Hypertension (high blood pressure): Occurs when the blood 

pressure is constantly elevated, above the recommended 

limits [13]. 

vii. Stroke: Damage to nerve cells in the brain caused by lack of 

oxygen [14]. 

viii. Peripheral vascular disease (PVD): Hardening of the arteries 

leading away from the heart, usually in the legs, lower arms 

or arms [15]. 

 

Acute myocardial infarction, in particular, is the most common form of 

heart disease and the leading cause of morbidity and mortality 

worldwide. Despite continuous efforts to improve the pharmacological 

and invasive treatment of myocardial infarction, it is widely accepted 

that the condition for the success of any treatment is the timely 

recognition of its symptoms and the immediate start of treatment. In 

these cases, even a few hours can save lives [16]. 

 

The tests and techniques for detecting heart disease that are followed in 

each case depend on the condition of each patient. In addition to blood 

tests for biomarker values and chest x-rays, tests for diagnosing heart 

disease often include: 

i. Electrocardiogram (ECG or ECG or ECG): The ECG is a 

quick and painless examination performed either at rest or 

during exercise and records the electrical potential produced 

by the myocardium during its contraction [17].  

ii. Holter Monitor: The Holter monitor is a portable ECG device 

that continuously records heart rate, usually for 24 to 72 

hours, and is used to detect problems that are not detected 

during an ECG examination [18]. 

iii. Echocardiogram: Non-invasive examination that uses sound 

waves to produce detailed images of the structure of the heart 

[19]. 

iv. Stress Test: During cardiac examinations and imaging, an 

increase in heart rate is caused by exercise or medication to 

check the response of the heart. 

v. Cardiac computed tomography (CT) scan: the patient lies on 

a table inside a cylindrical machine and an X-ray tube inside 

the machine rotates around the body collecting images of the 

heart and chest [20]. 

vi. Cardiac MRI: Using a magnetic field and computer-

generated radio waves, detailed images of the heart are 

produced [21]. 

1.  

It should be noticed that the development of increasingly sensitive and 

tissue-specific myocardial biomarkers and sensitive imaging techniques 

allows the detection of myocardial damage even at a very early stage 

[22]. 

 

II Cardiac Biomarkers and Troponin 

 

Cardiac enzymes have played a major role in the clinical treatment of 

patients with precardiac pain for many decades. In combination with 

some of the above techniques and the patient's history, they diagnose 

heart disease and help in monitoring the patient's course [23]. These 

enzymes are released into the circulation with the necrosis of myocardial 

fibers. Their levels in the blood increase within a few hours of the OEM 

invasion and gradually decrease over the next few days (Figure 1). The 

most common of them are: creatine kinase (CK-MB), cardiac I or T 

troponin (cTn), aspartic aminotransferase (AST) and lactic 

dehydrogenase (LDH). Hence, only cardiac troponin has been used to 

direct therapeutic interventions. Its concentration begins to increase 

rapidly within 3-4 hours after the onset of OEM, and remains high for 

up to 14 days, which is why its serum level is said to be more closely 

related to its degree of progression compared to other enzymes [24]. 

 

Thus, in recent years, troponins have been proposed in laboratory testing 

as highly specific and sensitive biological markers of myocardial 

damage [23]. Troponin is a protein complex found in the heart muscle. 

It is usually not found in the blood in high concentration. When the 

myocardial fibers are damaged, troponin is released into the 

bloodstream. As heart damage increases, more troponin is released into 

the bloodstream. High levels of troponin in the blood may indicate the 

presence or recent presence of a heart attack [25]. 

 

The troponin protein complex (cTn) plays a critical role in regulating 

myocyte contraction. This complex consists of three subunits that 

regulate the actin-myosin interaction, troponins C, T and I (Figure 2). 

Troponin-I (‘Inhibitory’) inhibits actin-myosin interaction. Troponin-C 

(‘Calcium-binding’) binds calcium thus regulating actin-myosin 

inhibition. Tropomyosin-binding (Tropomyosin-binding) binds 
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tropomyosin. Troponins are found at regular intervals along actin 

filaments. In the presence of potential, the intracellular calcium 

concentration increases and calcium binds to troponin-C. This leads to a 

change in the modulation of troponin-I and tropomyosin, thus removing 

the inhibition of the actin-myosin interaction. This process also occurs 

in the skeletal muscle, except for the heart muscle, but not in the smooth 

muscle [5, 24]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Release of troponins T and I, CK-MB, AST, LDH [24]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Cardiac Troponin complex [24]. 

 

Troponins have isoforms found exclusively in myocardial cells (cTnT, 

cTnI and cTnC) but the homology between skeletal and cardiac troponin 

is 60% for troponin I, 90% for T and over 90% for C. This is the reason 

why troponin C is not used as a cardiac biomarker, while troponin I has 

a specificity advantage over T [23]. 

 

Lately, troponins have been widely used in clinical practice. However, it 

should be noted that elevated troponin levels are not sufficient to 

diagnose a heart condition. The doctor also takes into account the 

patient's other symptoms, as well as the results of other diagnostic tests, 

such as a physical exam and electrocardiogram, to make a diagnosis. 

Troponins can provide clinical assistance in the diagnosis of myocardial 

infarction, the prognosis and the evaluation of the effectiveness of 

treatment [23]. 

 

Troponins appear elevated in any case of myocardial damage (e.g., 

myocarditis, chemotoxicity from chemotherapy, heart failure, 

pulmonary embolism) and not only in CAD. It takes 4-6 hours from the 

onset of symptoms in order to sensitively diagnose myocardial damage 

based on troponin rise. Troponin levels remain high for 10-14 days [23]. 

Studies have shown that many heart diseases can lead to an increase in 

troponin due to myocardial injury, which makes the interpretation and 

specificity of a positive test more difficult, requiring further diagnosis 

and treatment [26]. However, it should be noted that the quality criteria 

of the troponin test in this study showed excellent sensitivity and 

excellent negative diagnostic value in all subgroups making it suitable to 

rule out acute myocardial infarction. 

 

Finding elevated cTnT or cTnI values in patients with a clinical picture 

of unstable angina has prognostic value, as well. In patients with ST-

elevation electrocardiogram, even when the cardiac enzyme creatine 

kinase CK-MB remains normal, elevated cTnT or cTnI values are 

associated with an increased risk of death, myocardial infarction, and 

ischaemic recurrence. In contrast, patients with angina pain who have 

normal troponin levels on two consecutive measurements 4-6 hours apart 

(and at least 6 hours after the onset of symptoms) are a low-risk group 

for relapses [23]. Several studies have already suggested that a single 

cTnI or cTnT measure is sufficient to safely exclude CAD and identify 
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patients with low risk for adverse cardiac events during a 30-day follow-

up [27, 28]. Studies data highlighted the role of cTn as a measure of 

cardiovascular health, after identifying a uniform, optimized 

concentration limit that safely identified the low-risk group. Thus, high-

risk patients can be treated immediately while the exit of low-risk 

patients from the emergency department reduces overcrowding and costs 

for health centers. 

 

III Cardiac Biomolecule Detection Techniques  

 

Over the last decades, great progress has been made in the detection and 

measurement of substances, especially in the field of biosensor 

development. A biosensor is a device for identifying a biological target 

molecule and consists of two components: a biological recognition 

element and a signal conversion unit, the physicochemical converter, 

which produces the information. The biological recognition element 

determines the degree of selectivity of the biosensor, while the 

sensitivity of the biosensor is greatly influenced by the inverter. In this 

part, sensors based on optical, magnetic, capacitive and amperometric 

detection techniques for cardiac biomarkers are presented.  

 

i Optical Biosensors 

 

Optical detection and measurement techniques have the ability to 

accurately obtain all the clinical properties of individual microparticles 

rapidly. Optical biosensors offer significant benefits over conventional 

analytical techniques as they allow the immediate, real-time detection of 

many biological and chemical substances. Their advantages are high 

specialization and sensitivity, fast detection. However, each of their 

numerous applications has its own requirements concerning the 

concentration, the production accuracy, the reuse time or the system 

cleaning. 

 

Optical detection is performed based on the interaction of the visual field 

with a bio-recognition element. Optical sensors are based on the change 

in phase, polarization or frequency of the incoming light and this change 

is related to the detection or measurement process. An optical biosensor, 

in other words, is a compact analytical device that contains a bio-

recognition element integrated in an optical transducer system. The main 

purpose of the sensor is to generate a signal proportional to the 

concentration of a measured substance called an analyte. Various 

biological materials such as enzymes, antibodies, antigens, receptors, 

nucleic acids and tissues can be used as bio-recognition elements (Figure 

3) [28]. Optical techniques can be divided into two categories: label-free 

and label-based. In the former, the detected signal is generated directly 

by the interaction of the analysed material with the inverter. Instead, the 

second category involves the use of a label and the optical signal is then 

generated by a colorimetric, fluorescent or luminous method [29]. 

Various optical biosensors have already been used to detect cardiac 

markers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Schematic diagram of an optical biosensor [28]. 

 

An important application is that of Surface plasmon resonance 

biosensors (SPR). A plasmon is a quantum of oscillations in the plasma. 

The SPR effect, i.e., the surface resonance of plasmons, occurs on the 

surface of a conductive material (usually metal) at the interface of two 

media (e.g., glass and liquid) when it is illuminated by polarized light at 

a certain angle. This creates surface plasmons (and oscillations) and 

consequently a reduction in the intensity of the reflected light at a 

specific angle known as the resonant angle. By measuring the change in 

reflectance, angle or wavelengths over time, it is possible to obtain the 

sensor diagram. SPR devices provide direct, real-time and unlabeled 

changes in the refractive index on the sensor surface that are proportional 

to the biomolecule concentration. In a practical experiment one 

interaction component, e.g. the ligant is permanently attached to the 

surface of the chip and the other interacting component, e.g. the analyte 

or target substance, as it flows over the surface, binds to the ligant [29]. 

In 2007, Dutra and Kubo proposed an SPR sensor in which streptavidin 

was immobilized and used to bind anti-troponin T antibodies to detect 

human cardiac troponin T [30]. The system was able to measure cTnT 

without dilution of human serum and with good specificity.  

 

Troponin I was also attempted to be measured by a fluorescence 

detection biosensor. In this type of sensor, the biological elements are 

labeled with fluorescent labels or dyes, and the presence of target 

molecules is determined when a change in fluorescence intensity or 

colour occurs. The colorimetric measurement is immediately visible, but 

the sensitivity and cost-effectiveness are much lower. In 2011, Song and 

colleagues used antibody-labeled fluoro-microspheres [31]. The cTnI 

target antigen was added to the cTnI capture antibody that was 

immobilized on the surface of the chip and then the antigen antibody was 

blocked. The immobilized cTnI was ligated to the antibody conjugated 

to the fluoro-microspheres, and the ligated fluoro-microspheres 
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conjugates were measured directly using a conventional fluorescence 

microscope. 

 

Recently, biosensors based on luminescence methods have also been 

developed for the detection of cardiac biomarkers and have been 

categorized into two types, chemiluminescence (CL) and 

electroluminescence (ECL). Electrochemiluminescence is the 

production of luminosity during the electrochemical reaction. In 2013, 

Li and colleagues reported the ability of a non-labeled ECL biosensor to 

detect cTnI by using gold nanoparticles that acted on bright light as 

antibody vectors [32]. Anti-cTnI antibodies, conjugated to the 

nanoparticles, were concentrated on a modified streptavidin-coated 

electrode. The molecules activated the electrode surface to generate ECL 

signals and were attached to the modified electrode to identify the cTnI 

target. The ECL reaction formed electron transport interactions and the 

intensity of the ECL was dependent on the cTnI concentration. 

 

Surface-enhanced Raman scattering biosensors (SERS), is a technique 

that amplifies the vibration spectra of a molecule by several orders of 

magnitude. Amplification occurs on a metal surface that has nanoscale 

roughness and the molecules adsorbed on this surface can be amplified. 

The typical metals used are gold and silver. Surface preparation can be 

provided by electrochemical curing, metal coating of a nanostructured 

substrate or deposition of metal nanoparticles. In 2014, Chon et al. 

developed a SERS sensor for cTnI and CK-MB detection [33]. 

 

ii Magnetic Biosensors  

 

Recently, magnetic techniques for detecting, measuring and identifying 

substances have emerged as a promising new technology platform for 

various sensors. These methods are generally based on observing the 

magnetic field of a magnetically labeled biomolecule that interacts with 

a complementary biomolecule attached to a sensor. Magnetic biosensors 

have several advantages. They are distinguished for their stability over 

time which is extremely important for labeling tests on tissues and 

organs while at the same time they do not present noise effects [34]. 

 

Magnetic nanobeads-MNBs or magnetic nanoparticles-MNPs are 

commonly used in magnetic biosensors. The magnetic core gives super-

paramagnetic properties to MNBs, which cause them to move along 

dynamic lines under the influence of an external magnetic field and 

disperse after its removal. The polymer shell imparts to MNBs various 

functions that allow them to be further modified with various desired 

biochemical materials for specific binding to biological targets. 

Magnetic nanospheres are characterized by excellent paramagnetic 

properties, highly specialized surface area, rapid reactions, good 

biological compatibility and these advantages are the reason why they 

have often been reported for biological labeling, signal amplification, or 

both in various biosensors [35]. 

 

Magnetic Side Flow Sensors include a magnetic strip and a magnetic 

reader. A sample falls onto the sample pad of magnetic strip and flows 

through the coupling pad loaded with modified antibody capture MNBs. 

The targets bind to the MNBs to form the magnetic targets. The magnetic 

targets are then captured by detection antibodies that are immobilized on 

the test line, while the non-targets flow through the strip and are 

absorbed by the absorbent pad (Figure 4). The quantification is done with 

the magnetic reader consisting of an activation coil, a differential 

detection coil and a microcontroller. Magnetic side flow biosensors have 

been reported to detect viruses, bacteria and biomarkers as being 

distinguished for their rapid detection, easy operation and low cost [35]. 

It should be noticed that the sensitivity of a side flow test for the 

detection of troponin I by immobilizing antibodies to magnetic beads 

under optimized conditions has also been studied [36].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Magnetic Side Flow Sensor with conventional magnetic strip [35]. 

 

iii Capacitive Biosensors  

 

Capacitance appears in the capacitor, an electrical element consisting of 

two separate plates, between which there is a dielectric material. In 

general, this concept describes how two conductive objects with a gap 

between them respond to a voltage difference applied to them. 

Capacitive sensors operation is based on changes in dielectric properties, 

charge distribution, dimension or shape, when the target (e.g., antigen / 

antibody complex) appears on the surface of an electrode [37]. Actually, 

in capacitive sensors, when a target molecule attaches to the receptor, 
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the displacement of counter ions around the electrode leads to a change 

in capacitance. The greater the number of targets attached to the receptor, 

the greater the change in capacitance [38-40].  

 

A key advantage of capacitive sensors over other detection approaches 

is their ability to detect different types of materials, without any wear. 

They are also highly sensitive and have been used successfully in the 

field of substance detection as biosensors for the detection of proteins, 

nucleotides, saccharides or small organic molecules. However, they are 

affected by environmental conditions and require electronic signal 

reading and processing circuits suitable for any application. Their special 

disadvantage compared to other types of direct biosensors is that the 

immobilization of the bio-recognition layer is more critical. If it is not 

sufficiently insulated, ions can move through the mattress causing the 

system to short circuit, leading to a reduction or absence of the signal 

[37]. 

 

One of the most common types of capacitive sensors used for substance 

detection, are the interdigitated electrodes (IDE), where the electrodes 

are in the form of a comb topology. These sensors are known as 

"interdigitated" or equivalent, "microstrip", "comb", "interdigital". The 

capacitance of an IDE sensor is given by the equation C = (η ∙ ε ∙ l ∙ t) / 

d, where η is the number of fingers, ε is the permeability, l is the length 

of the electrodes, t is the thickness of the electrodes and d is the distance 

between them. Of course, this capacitance calculation cannot be applied 

when nanoscale electrodes are used. Interdigitated capacitive sensor 

applications have been widely used in food inspection, humidity sensors, 

biosensor applications (direct detection of neurotransmitters, glucose, 

HIV antibodies), etc. as they stand out for their easy and low-cost 

construction but also for their high sensitivity [41].  

 

At this point, it should be mentioned that a sensor chip consisting of 

interdigitated capacitor arrays has been developed to detect cardiac 

troponin-I (cTn-I). The chip was fabricated on a borosilicate glass 

substrate using reverse image photolithography (for pattern transfer) and 

DC sputtering (for gold deposition). The IDC surface was activated 

using GPTMS to immobilize antibodies. Antibody-antigen binding to 

the IDC surface resulted in a change in IDC sensor capacity. This change 

is directly related to the concentration of antigen that binds to the surface 

and aids in quantification. Specific and sensitive detection of cTn-I in 

real human serum was achieved with anti-cTn-I antibody immobilized 

on the IDC surface with a detection range of 50pg-1500 pg / ml 

respectively [42]. 

 

iv Amperometric Biosensors  

 

Amperometry is the detection of the presence of ions in a solution based 

on the change in electric current. Such applications usually require a 

working electrode (microelectrode), a reference electrode, an auxiliary 

electrode, a voltage source and a device for measuring current and 

voltage. The amperometric method is based on the measurements of the 

changes in current passing through the electrode system over time, 

relative to the potential applied to the operating electrode. More 

specifically, amperometric biosensors operate by generating current 

when a potential is applied between two electrodes. The analyte is 

involved in a redox reaction followed by the measurement of current in 

an electrochemical cell. It has been shown that almost all biochemicals 

can now be detected amperometrically by their enzyme-catalyzed 

electro-oxidation or electro-reduction or their involvement in a bio-

affinity reaction that allows electro-oxidation or electro-reduction. The 

analyte being measured or the biomolecule involved is changing the 

oxidation state at the electrode and the electron transfer signal being 

measured is proportional to the amount of redox active substances at the 

electrode. In amperometry, changes in current are directly monitored as 

a function of time [43]. 

 

It should be noted that an amperometric sensor has also been used to 

detect cardiac troponin I, using carbon electrodes coated with a graphene 

oxide derivative as a switching element [44]. This carboxylic acid 

enriched nanomaterial allowed the easy and high immobilization of the 

capture molecules on the electrode surface. The bioassay interface was 

mounted by covalently linking an aptamer to the electrode surface. The 

detection approach was based on the recognition of cTnI by the aptamer. 

The sensor was used for large-scale detection from 1.0 pg/mL to 1.0 

μg/ml with a detection limit of 0.6 pg/mL. It showed high specificity, 

reproducibility and stability while it was also useful for the 

quantification of cTnI in human serum samples. 

 

Conclusion and Future Perspectives 

 

Preventing heart disease and reducing the number of deaths due to it, is 

a key issue that has been of concern to the global community for years. 

It is, therefore, a challenge for engineering science and technology, to 

contribute to medicine providing new tools and devices that could play 

a crucial role in tackling such serious health problems. It is essential to 

develop smart and sensitive diagnostic methods able to detect cardiac 

biomarkers even at low concentrations in order to prevent CVDs. Early 

diagnosis leads to an increase in the human survival rate by saving 

patients’ lives. In this context, biosensors seem to be a great economical 

and smart solution, facilitating people's lives in many ways. In this 

review, an attempt was made to summarize the available biosensing 

platforms for cardiac biomarkers detection. It appeared that recently 

developed sensors can fulfill their demands but they need to be expanded 

to surpass their malfunctions and disadvantages in order to be widely 

used. Funding support mechanisms are needed to facilitate moving such 

devices, from research and experimental stage to the commercial 

applications and make them available to everyone, especially to people 

at high-risk groups. 
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