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 Acute coronary syndrome (ACS) represents a spectrum of heart muscle oxygen 
deprivation (ischemia) which ranges from temporary tissue damage in angina to unstable angina 
with possible minor cell death and finally to a full-blown heart attack (myocardial infarction) 
with extensive tissue necrosis. Biochemical indicators of damage to the heart muscle remain 
crucial in the comprehensive evaluation and management of individuals with various forms of 
ACS. Diagnosing ACS accurately is crucial for optimal treatment. While existing biochemical 
markers play a vital role, searching for an ideal biomarker continues. Biochemical markers of 
myocardial injury are critical for the global assessment and treatment of individuals with these 
syndromes. The objective of the review, is to primarily evaluate the current understanding of 
ACS biomarkers rather than specifically to assess which biomarkers are most promising. The 
review emphasizes the importance of existing biochemical markers, the ongoing search for an 
ideal biomarker, and how these markers are crucial for the diagnosis and management of ACS. 
This review examines various biochemical markers associated with atherosclerosis, including 
matrixins, PAPP-A metalloproteinase, myeloperoxidase, microalbuminuria, cystatin, P-selectin, 
glycogen phosphorylase-BB, C-reactive protein marker, cluster of differentiation 40 (CD40L) 
marker, creatine kinase-myocardial band (CK-MB), and ischemia-modified albumin. Traditional 
biomarker Tn levels may not rise immediately during ischemia, but MPO levels increase 
earlier, aiding early ACS detection. MPO, produced during inflammation, offers predictive 
data surpassing troponins. IMA also rises faster than troponins, signaling myocardial ischemia 
before irreversible damage. hs-CRP provides insights into inflammation and cardiovascular 
risk, complementing troponins. MicroRNAs serve as precise biomarkers for ACS, surpassing 
troponins in detecting molecular changes linked to the disease. These biomarkers enhance 
early diagnosis and treatment. Clinically, Tn levels may not have significantly risen at the early 
stage of ischemia; however, other biomarkers should be considered for early detection and risk 
stratification. Elevated MPO and IMA levels can indicate myocardial ischemia and inflammation 
earlier than troponins. hs-CRP offers additional insights into systemic inflammation and 
cardiovascular risk. MicroRNAs provide detailed molecular data and may outperform troponins 
in identifying ACS, offering a more sensitive diagnostic approach. Further monitoring and 
treatment adjustments based on these biomarkers are advised. In conclusion, while troponins 
remain crucial in diagnosing ACS, novel biomarkers like MPO, IMA, hs-CRP, and microRNAs 
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offer earlier detection and better risk assessment. These markers provide additional insights 
into ischemia and inflammation, improving diagnostic accuracy and patient outcomes when 
used alongside traditional biomarkers.

Keywords: Acute Coronary Syndrome; C-reactive protein marker; Creatine Kinase-Myocardial 
Band (CK-MB); Ischemia Modified Albumin; Matrixins; Myocardial Infarction.

 Managing individuals with chest 
discomfort is a significant obstacle in emergency 
care, including identifying and treating their 
condition. Rapid diagnosis and initial risk 
assessment are crucial for identifying individuals 
for early therapy. The first evaluation of individuals 
experiencing chest pain relies on the analysis 
of clinical symptoms, physical-examination, 
electro-cardiogram (ECG), and determination of 
biochemical markers indicating damage to the heart 
muscle. The first diagnostic marker for myocardial 
infarction (MI), aspartate aminotransferase, was 
initially documented in 19541. Advancements in 
immunoassay technology, together with the use of 
more precise markers of myocardial damage, have 
made it possible to identify even lower amounts 
of myocardial necrosis. Biomarkers may provide 
other methods of categorizing individuals based on 
their risk, even if there is no increase in markers 
indicating damage to the heart muscle. This can 
allow for proactive treatment of these individuals. 
ACS include unbalanced angina, NSTEMI (non-
ST elevation myocardial infarction), and STEMI 
(ST-elevation-myocardial-infarction)2. These 
disorders might take diverse clinical manifestations 
and outcomes. Hence, it is vital to classify ACS 
into subcategories with distinct prognosis and 
treatment approaches at an early stage. Biomarkers 
are crucial and unquestionably essential in the 
identification and treatment of patients with ACS. 
In addition, they offer insights into the underlying 
mechanisms of disease and can be valuable in 
enhancing therapeutic approaches for patient 
management. Acute-myocardial-infarction (AMI) 
and unstable-angina (UA) are two substantial 
factors that contribute to mortality and impairment 
on a global scale. Early detection is crucial due to 
the highest risk of death and the greatest benefit 
from early revascularization occurring within 
the first few hours. Although clinical assessment, 

which includes a thorough review of chest pain 
features, and the 12-lead ECG are essential 
tools3, they lack sufficient accuracy when used 
individually. Consequently, it is essential to test 
a biomarker that indicates and measures damage 
to heart muscle cells in all individuals who show 
signs of ACS. Cardiac biomarkers are crucial in 
diagnosing ACS, especially when there is a lack of 
additional diagnostic evidence, for example unusual 
cardiac chest discomfort or non-specific ECG 
abnormalities. Numerous bio-markers, including 
troponin, CK, CK-MB, LDH, and myoglobin4, 
have been identified as valuable diagnostic tools in 
ACS. Troponins serve as indicators of myocardial 
necrosis, whereas CRP and MPO replicate the 
inflammatory progression. Vasodilator peptides, on 
the other hand, suggest neuro-hormonal initiation 
and hemo-dynamic anxiety. The development of 
cardiac-biomarkers exhibits not only offered a 
distinct understanding of the illness progression, 
but also serves as a crucial factor in defining ACS. 
Biochemical markers are critical for evaluating 
most individuals with nonspecific or unclear 
symptoms and an inconclusive ECG. Analysis 
of ECG for a suspected MI individual, reveals 
significant changes in the ST-segment elevation. 
Individuals with 1millivolt (mV) in adjacent 
leads, exhibit symptoms, or have a new left bundle 
extend block should receive immediate reperfusion 
therapy5. These markers are one of the two criteria 
used to diagnose a MI. The classification of the MI 
definition depends on the cardiac symptoms, ECG 
abnormalities, and biomarker response exhibited by 
the patients. ST elevation MI refers to an abnormal 
increase in the ST segment of the ECG together 
with characteristic chest pain and an increase in 
cardiac enzymes. A NSTEMI is characterized by 
cardiac chest discomfort accompanied by elevated 
cardiac enzymes, but without an ST-segment-
elevation. However, it might exhibit ST depression, 
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T inversion, or ambiguous alterations. UA refers 
to the occurrence of cardiac chest discomfort 
while at rest, without any increase in enzymes, 
but with a significant likelihood of experiencing 
a heart attack in the future6. Cardiac troponin is a 
biomarker that is now utilized to diagnose ACS. 
Troponin is a cardiac protein secreted into the 
bloodstream in response to myocardial injury, 
that occurs after a heart attack. This marker is 
both sensitive and selective for detecting heart 
damage. High-sensitivity troponin assays are 
highly valuable in the diagnosis of ACS due to 
their ability to detect even minuscule quantities of 
troponin in the bloodstream7. This enables earlier 
identification and intervention. Troponin is a 
trimeric multifaceted residing of three regulatory 
proteins (Troponin-C, Troponin-I, and Troponin-T) 
that are existing in both skeletal and cardiac muscle. 
It has a vital function in controlling muscular 
contraction. Troponin plays a role in controlling 
muscle contraction in the setting of cardiac muscle, 
specifically in relation to the regulation of calcium-
mediated contraction. Troponin-I (TnI) and 
Troponin-T (TnT) are exclusively found in cardiac 
muscle. Cardiac muscle cells produce troponin 
into the bloodstream when they are damaged, 
for example, after a heart attack (MI). Troponins 
are often regarded as the most reliable biomarker 
for identifying MI. The levels of troponin start to 
increase within a few hours following the start of 
damage to the heart muscle, reaching their highest 
point after 24-48 hours. This enables the timely 
identification of cardiac muscle injury. Elevated 
levels of troponin are linked to bigger instances of 
MI and an increased likelihood of sequelae, such as 
heart failure and mortality8. In addition to troponin, 
other biomarkers such as creatine kinase-MB (CK-
MB) and myoglobin can be evaluated to aid in the 
diagnosis and treatment of ACS. However, troponin 
is typically regarded as the main biomarker 
due to its superior sensitivity and specificity 
in detecting cardiac damage. Biomarkers aid 
healthcare providers in evaluating the magnitude 
and seriousness of cardiac injury and informing 
therapy choices9. This comprehensive analysis 
examines a range of biomarkers that surpass the 
traditional troponins commonly employed in 
the diagnosis of ACS. The following markers in 
this review have been investigated: CRP Marker, 
CD40 L Marker, Brain-type Natriuretic Peptide 

(BNP), Plasma N-terminal pro-BNP, Creatine 
kinase-myocardial band (CK-MB), and Ischemia 
modified albumin (IMA). These biomarkers offer 
valuable information about several aspects of ACS 
pathophysiology, including inflammation, necrosis, 
cardiac pump malfunction, and ischemia. While 
troponins are still crucial in diagnosing ACS, 
exploring other biomarkers has the potential to 
improve diagnostic accuracy and increase risk 
evaluation. 
Cardiac muscle contraction constituents
 Muscle  ce l ls  consis t  of  severa l 
components, each playing a critical role. While 
certain components have a physiological function, 
others primarily serve a structural purpose. 
Myoglobin, with a molecular weight of 17.8 
kDa, is responsible for transporting oxygen. Cell 
enzymes enable energy-related processes, while 
troponins (Tns) and their related compounds have 
a structural and physiological function in muscle 
movement. The process of muscle retrenchment at 
the molecular level is driven by the hydrolysis of 
adenosine triphosphate (ATP)10. Actin is the second 
most prevalent contractile protein, behind myosin, 
among all myofibrillar proteins. The troponin 
complex consists of three subunits, namely TnI, 
Troponin C (TnC), and TnT. TnT attaches the 
assembly to the tropomyosin filament, TnI hinders 
the actomyosin ATPase, and TnC binds calcium 
and functions to control the complex formation. 
Tropomyosin, the Tn subunits, and myosin exist 
in various isoforms. There are distinct isoforms of 
TnT and TnI, specifically for slow twitch skeletal 
muscle fibers, fast twitch skeletal muscle fibers, and 
cardiac muscle (cTnI and cTnT)11. There is also a 
specific proportion of TnC in cardiac muscle called 
cardiac TnC. While it is true that there are different 
isoforms of troponin subunits for different muscle 
fibers, the presence of distinct isoforms does 
not necessarily mean that they play a significant 
role in controlling complex formation or muscle 
function. Additionally, the specific proportion of 
TnC in cardiac muscle may not be as crucial as 
other factors in regulating muscle contraction.
Ideal biomarkers
 Before adopting a novel biomarker 
for ACS, it is essential to assess certain crucial 
parameters to ascertain its efficacy in clinical 
settings. This includes examining three primary 
factors: analytical performance, clinical originality, 
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and therapeutic influence12. Analytical performance 
is essential, and the biomarker measurement needs 
to be precise and capable of being replicated. 
This necessitates well established analytical 
techniques and a meticulous assessment of pre-
analytical variables such as sample durability. 
It is also necessary to establish reference ranges 
for the whole population and certain groups of 
individuals13. Clinical originality refers that the 
biomarker should not just replicate or duplicate 
current information. It should exhibit a robust and 
consistent correlation with ACS outcomes across 
several investigations and enhance or augment 
current diagnostics for identifying or categorizing 
ACS individuals. The use of verified decision 
limits (Normal ranges), which are predetermined 
thresholds for interpretation, is essential for precise 
clinical implementation14. Therapeutic influence 
refers that the biomarker should facilitate improved 
individual care and treatment. It should surpass 
current diagnostic tests regarding precision and 
the ability to identify risks. It is necessary to 
provide data demonstrating the related risk altered 
via treatment and improves outcomes15. Through 
a thorough evaluation of these three factors, we 
can ascertain if a suggested biomarker is ideal for 
enhancing the identification and treatment of ACS. 
In addition, the biomarker should also be easily 
measurable and reproducible in different clinical 
settings to ensure widespread use and effectiveness. 
Furthermore, it is important to consider the cost-
effectiveness of implementing the biomarker in 
routine clinical practice. By carefully evaluating 
these criteria, healthcare providers can determine 
the true value of a potential biomarker for ACS and 
its impact on patient care. Ultimately, the successful 
integration of a biomarker into clinical practice 
can lead to more accurate diagnoses, personalized 
treatment plans, and improved outcomes for 
patients with ACS.
Inflammatory biomarkers
C-reactive Protein Marker (CRP)
 CRP’s prognostic and severity determining 
ACS have been extensively investigated across 
several contexts. The main underlying physiological 
event in ACS is believed to be the rupture of a 
plaque in the artery, followed by a blood clot 
(thrombus). For individuals who have survived 
acute myocardial infarction (AMI), measuring 
blood levels of CRP and SAA might help predict 

the likelihood of another cardiac episode while 
still in the hospital16. The serum CRP levels in the 
early stages of an AMI may provide information 
about the severity of the heart muscle damage and 
the body’s response. Hence, it is recommended 
to postpone the assessment of CRP levels for a 
minimum of four to six weeks after MI to allow 
for the subsidence of the acute phase response. 
Elevated levels of CRP upon admission and before 
being discharged from the hospital indicate a more 
unfavorable short and long term probability for 
ACS17. Measuring CRP may provide additional 
valuable information for individuals with normal 
cardiac troponins. Specifically, an elevated CRP 
level is linked to a possible outcome, regardless 
of troponin elevated levels. To stratify risk early, 
it is advisable to collect blood samples for CRP 
measurement as soon as possible ideally within 
8 hours after the symptoms appear. Those who 
have high levels of CRP in their blood when they 
leave the hospital are more likely to have recurring 
symptoms or a second MI compared to those with 
normal CRP levels at discharge18. Hepatocytes are 
the primary producers of CRP, which is mostly 
regulated by inflammatory cytokines. CRP, an 
acute-phase reactant, has been suggested as a 
possible marker for ACS. The advancement of high 
sensitivity CRP (hsCRP) examines has facilitated 
research on the utilization of CRP for forecasting 
heart artery disease. These assays can extent short 
levels of CRP in the bloodstream even when there 
is no obvious inflammatory event. The initial CRP 
level was a momentous extrapolative factor for 
both premature and delayed mortality death in 
individuals with ACS undergoing an initial hostile 
approach, particularly in individuals who tested 
positive for cTnT19.
Cluster of differentiation 40 (CD40 L) Marker
 CD40L is a marker for CD 40. The 
CD40-CD40L complex is crucial in ACS’s genesis, 
progression, and prognosis. ACS individuals 
have increased plasma concentrations of the 
proinflammatory and prothrombotic cytokine 
CD40 ligand (sCD40L)20. Higher levels of soluble 
CD40 ligand (sCD40L) in the blood suggest a 
greater likelihood of experiencing cardiovascular 
events in the future among women who seem to 
be in good health. Preeminent plasma stages of 
sCD40L classify individuals with ACS at higher 
hazard of demise and recurrent MI, autonomous 
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Fig. 1. Cardiac Pump Dysfunction Biomarkers Features

of other extrapolative variables, including cTnI 
and CRP. Elevated levels of blood-soluble CD40L 
in individuals with unstable coronary artery 
disease are indicative of an independent and more 
possibility of significant contrary cardiovascular 
events. Initiating statin treatment promptly 
after ACS mitigates the risk linked to increased 
sCD40L21. 
Necrosis biomarkers
Troponin(Tn)
 TnT enables increased ability to identify 
myocardial injury and exhibits more specificity 
for myocardial tissue compared to classic “cardiac 
enzymes” like creatine kinase (CK) or its CKMB. 
cTnI and cTnT are polypeptides that regulate the 
communication between actin and myosin in the 
heart, via modulation of calcium signaling22. Tn 
I is a slighter molecule than Tn T. Their use in 
diagnosing AMI is vital. The coronary variants of 
these polypeptides are derived from distinct genetic 
factor, making them potentially exclusive to the 
heart. To ensure precise readings, every laboratory 
needs to verify the accuracy and reproducibility 
of the troponin test during the first analysis and 
periodically thereafter to confirm the performance 

of the assay23. Existing tests quantify troponin 
levels in nano-grams per milliliter, but upcoming 
examines can identify amounts in pico-grams 
per milliliter. Tns are widely recognized as the 
most reliable method for diagnosing ACS. The 
presence of elevated cTn levels and corresponding 
clinical evidence serve as a reliable indicator of 
myocardial injury due to the high specificity of 
cTn. Several researches have proven the predictive 
significance of increased troponins in individuals 
with ST segment elevation in MI. The GUSTO-
III study examined 12,666 individuals diagnosed 
with STEMI who were treated with thrombolytic 
treatment24. 
Limitations of Tn
• Tn levels can increase in situations other 
than ACS, including myocarditis, heart failure, 
pulmonary embolism, renal failure, and severe 
sepsis.
• Chronic renal disease patients may exhibit 
persistently high levels of troponin, even when 
there are no acute cardiac events occurring. It can 
be difficult to differentiate between sudden and 
long-lasting increases and appropriately interpret 
troponin data.
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Table 1. Advantage of Novel Biomarkers for ACS than conventional biomarkers55, 56

Features of Biomarkers Novel Biomarkers Conventional Troponin Biomarkers

Early identification of cardiac damage hs-cTn The detection of myocardial damage 
  may be delayed.
Enhanced risk categorization  Galectin-3, ST2 Restricted capacity for categorizing 
  danger
Increased precision Heart-type fatty acid- May experience non-specific 
 binding protein (H-FABP),  increases
 Myeloperoxidase (MPO) 
Improved differentiation between  BNP, CRP Restricted capacity to distinguish 
cardiac and non-cardiac causes  between cardiac and non-cardiac 
  origins
Potential for individualized medical  miRNAs Restricted customization determined 
treatment based on distinct biomarker   by troponin levels
profiles
Capability to identify persistent  IMA, Soluble ST2 Primarily suggestive of acute 
damage to the heart muscle in long-term   damage to the heart muscle
medical situations
Reduce the occurrence of incorrect  Heart-type fatty acid-binding  Elevated incidence of false positives 
positive results protein (H-FABP), Myoglobin in specific demographic groups
Increased predictive significance Galectin-3 The prognostic value may be 
  restricted in certain instances.
Possibility of intervening sooner based  miRNAs Intervention decisions frequently 
on changes in biomarkers  depend on individual troponin values.

• Patients diagnosed with NSTEMI experience 
a delayed increase in troponin levels. This delay 
might cause troponin measurements taken too 
soon after the onset of symptoms to produce false-
negative readings.
• Individual heterogeneity in troponin levels results 
in greater baseline values for some individuals, 
necessitating the establishment of universal 
standard troponin levels.
• Haemolysis can disrupt troponin tests, hence it 
is crucial to handle and treat samples correctly to 
reduce the chance of interference.
• One important drawback of traditional Tn assays 
is their limited ability to detect low levels of Tn 
at the time when a patient first presents, due to 
a delayed rise in circulating levels. This often 
necessitates several blood samples taken over a 
period of 6-9 hours for a considerable number of 
patients.
Cardiac pump dysfunction biomarkers
Brain type Natriuretic Peptide (BNP)
 BNP is a neurohormone fabricated in 
the left ventricle’s myocardium and is released 
into the bloodstream when the ventricle becomes 

enlarged and experiences excessive pressure25. 
Increased levels of BNP in the blood, which may 
be detected with a rapid bedside test, are significant 
for predicting both short-term and long term 
pump dysfunction in individuals with a non-ST-
elevation of ACS26. The efficacy of plasma BNP 
as a predictor was most evident in individuals 
with plasma BNP levels elevated approximately 
40 hours after the dysfunction symptoms begins. 
Elevated plasma BNP levels were also linked to 
an amplified hazard of developing or experiencing 
a repeat MI and the onset or deteriorating of 
cardiac failure. Retrospectively, blood samples 
were collected from individuals with a non-ST 
elevation ACS within 24 hours of the beginning of 
symptoms and were then analyzed for NT-proBNP. 
Individuals with the low NT-proBNP levels had a 
marked reduced death rate in two years compared 
to those with the highest value. The correlation 
with mortality is higher for this measure than other 
markers tested, such as cTnT and CRP. Plasma NT-
proBNP peaks during the acute phase and declines 
gradually throughout six to seven months27. Higher 
levels at given interval period are linked to an 
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augmented risk of heart failure. Monitoring NT-
proBNP levels could provide valuable prognostic 
information for individuals with non-ST elevation 
ACS. The gradual decline in NT-proBNP levels 
over six to seven months suggests a potential 
window of opportunity for intervention to prevent 
the development of heart failure. Thus early 
identification and monitoring of NT-proBNP levels 
in individuals with acute coronary syndrome is 
critical for improved outcomes and management 
of the condition.
Plasma N-terminal proBNP
 The BNP gene is on the chromosome 
and may be promptly stimulated in rejoinder to 
indication propagation since the myocyte cell 
membrane. Proteolytic cleavage of the first two 
amino acid residues at the N-terminus of BNP 
occurs either in the bloodstream or just after blood 
is collected28. It is important to consider these 
enzymatic cleavages when selecting epitopes for 
antibody production and designing immunoassays. 
Problems may arise with analytical specificity 
when detecting BNP or NT-pro-BNP due to pro-
BNP in human plasma. Cardiomyocytes produces 
biologically active BNP in response to increased 
strain on the heart wall. BNP levels often indicate 

the fluctuating wall tension that the left chamber 
undergoes and has a dumpier half duration than NT-
proBNP due to its clearance via distinct pathways29. 
 When selecting epitopes for antibody 
production and designing biomarker immunoassays 
for BNP and NT-proBNP, it’s crucial to consider 
enzymatic cleavage and pro-BNP forms in human 
plasma. Pro-BNP can complicate analytical 
specificity, as it affects accurate measurement 
of these biomarkers. Cardiomyocytes release 
biologically active BNP in response to increased 
heart wall strain, with BNP levels reflecting 
fluctuating wall tension, particularly in the left 
ventricle. Unlike NT-proBNP, BNP has a shorter 
half-life due to its clearance through distinct 
pathways, such as natriuretic peptide receptors and 
enzymatic degradation. These factors can influence 
the sensitivity and specificity of diagnostic assays. 
The proportion of NT-pro-BNP to BNP rises 
multiplicatively as the phase of nephric illness 
progresses, indicating that nephric function 
needs to be considered. Natriuretic peptides are 
released in retort to higher petition and may not 
oscillate about a physiological baseline like other 
substances. Various cardiac pump dysfunction 
biomarkers feature listed in Figure 1.

Fig. 2. Relationship between biomarker and ACS
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Creatine kinase-myocardial band (CK-MB)
 CK-MB is the regular biochemical 
marker for assessing myocardial damage and is 
the reference point for comparing other markers. 
While CK-MB indicates myocardial damage, 
skeletal muscle has higher overall CK activity per 
gram of tissue and may include up to 3.2% CK-
MB30. The occurrence of CK-MB in skeletal muscle 
complicates the interpretation of CK-MB levels in 
individuals with suspected myocardial infarction. It 
is particularly important in skeletal muscle damage 
or injury cases, as it can lead to false-positive 
results and misdiagnosis. Therefore, alternative 
markers more specific to myocardial damage 
have been investigated to improve diagnostic 
accuracy and individual management. Collecting 
samples for 8 to 12 hours is necessary for a high 
accuracy and precision and diagnosis. CK-MB is 
a crucial factor in evaluating the occurrence of a 
second heart attack or the expansion of ACS31. 
For example, an individual who has experienced a 
heart attack may also have skeletal muscle damage 
due to physical exertion during the event. If only 
CK-MB levels are measured, indication of severe 
myocardial damage or misdiagnose the individual 
with multiple heart attacks can be determined. In 
such cases, alternative markers like troponin levels 
can be measured along with CK-MB to assess 
myocardial damage and aid in proper individual 
management. Although CK-MB demonstrates 
exceptional performance, it is not the optimal 
indicator because of its delayed increase of 8-12 
hours after the beginning of symptoms, making 
it less suitable for diagnosis32. Troponin is highly 
sensitive and specific for cardiac injury, often rising 
within a few hours of ischemic events, whereas 
CK-MB typically shows a delayed increase of 
8-12 hours after symptom onset. This delay can 
hinder timely diagnosis and intervention. Although 
CK-MB can still offer valuable information, 
particularly for detecting reinfection, its slower 
response limits its effectiveness in acute settings. 
Therefore, combining both markers enhances 
diagnostic accuracy and helps guide treatment 
decisions in patients with suspected acute coronary 
syndrome. CK-MB levels can also be influenced 
by factors other than myocardial damage, such 
as skeletal muscle injury or strenuous physical 
activity. 

Ischemia modified albumin (IMA) 
 Albumin’s capacity to bind cobalt was 
previously utilized to indicate coronary ischemia. 
The proposed appliance suggests that the amino-
terminal end of albumin under ischemic conditions 
experiences structural alterations, including 
modifications to a sequence of aspartate alanine 
histidine lysine caused by acid-base imbalance 
and low oxygen33. These modifications would 
decrease the attraction of cobalt, which is essential 
for assessing ischemia-modified IMA. Another 
theory is that fatty acids are released during cardiac 
ischemia and bind to albumin. Consequently, 
this would moderate the capacity of albumin 
to absorb cobalt. Readings have raised doubts 
about the diagnostic accuracy of IMA due to a 
significantly insufficient degree of accuracy and 
a high proportion of incorrect positive results of 
specificity34. Additional research indicates that 
IMA is an indicator of acute ischemic events that 
are not exclusively related to cardiac ischemia. 
This suggests that IMA is not effective in 
distinguishing between people with and without 
AMI who are experiencing ischemia35. Studies 
on forearm activity in hypoxic circumstances or 
activity provoked ischemia in persons with external 
arterial illness have demonstrated that levels 
of IMA undergo a transient decrease following 
exercise before recovering to their initial levels. 
It was theorized that higher quantities of naturally 
occurring lactate decreases concentrations of 
IMA36. 
 This IMA may not always perform as 
expected due to factors like individual patient 
variability and co-existing conditions. For instance, 
renal dysfunction, inflammation, or other non-
cardiac conditions can alter IMA levels, reducing 
its specificity for myocardial ischemia. Differences 
in age, sex, and genetic factors can significantly 
influence patient’s response biochemically to 
ischemia, impacting the reliability of biomarkers 
like IMA. Older patients may have co-existing 
conditions, like diabetes, that alter biomarker 
levels, while women, especially postmenopausal, 
may show different responses due to hormonal 
changes. Genetic variability affects the production 
and regulation of proteins involved in ischemia, 
leading to differing biomarker responses. Ethnic 
background can influence baseline cardiovascular 
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risks, further complicating diagnostic accuracy. 
These variations highlight the need for personalized 
diagnostics and the potential benefits of combining 
multiple biomarkers. Using multiple biomarkers 
together, such as combining IMA with troponins 
or hs-CRP, can improve diagnostic accuracy. This 
multi-marker approach provides a broader view of 
both ischemic damage and inflammation, leading to 
better clinical outcomes by overcoming individual 
limitations of single markers.
Superiority of Novel Biomarkers than Tn37,38

• While Tn levels may not show an immediate 
increase once the symptoms start, MPO levels may 
rise earlier, which allow for early detection and 
treatment. MPO, an enzyme produced by activated 
leukocytes during inflammation, offer an additional 
predictive data in patients with ACS, surpassing 
troponins. Elevated levels of MPO is allied with 
an amplified probability of encountering adverse 
heart related events, such as mortality.
• In the early stages of ischemia, troponin levels 
may not exhibit any anomalies. However, levels 
of IMA may increase at a faster rate, providing 
a prompt means of detecting and evaluating the 
risk. IMA serves as a marker for ischemic stress, 
signaling myocardial ischemia before irreversible 
damage occurs. IMA levels can rapidly rise during 
a heart attack, perhaps allowing for faster detection 
compared to troponins.
• While troponin levels may not be a reliable 
indicator of inflammation in ACS, hs-CRP can 
provide useful insights into the inflammation and 
cardiovascular risk. hs-CRP is a biomarker that 
indicates the presence of inflammation throughout 
the body and is related with an augmented risk of 
heart related events. Furthermore, it may provide 
supplementary predictive insights that go beyond 
the scope of troponins.
• Tns are not sensitive enough to identify small 
variations in gene appearance that are associated 
with the development of ACS. In contrast, 
microRNAs provide a more detailed sympathetic 
of the molecular mechanisms entangled. Certain 
microRNAs have a precise and reliable biomarker 
for ACS, and they outperform troponins in 
promptly identifying the illness. 
Platelet Activating Factor (PAF)
 PAF are a group of phospholipids 
that cause inflammation. They are produced 
in the body when certain cell types, including 

thrombocytes, immune cells, mononuclear 
phagocytes, eosinophils, granulocytes, and 
endothelial cells, are specifically stimulated39. It 
is a powerful phospholipid mediator that plays 
a critical function in regulating inflammation, 
thrombosis, and vascular permeability. Within the 
context of ACS, the activation of endothelial cells 
and the aggregation of platelets at the location 
of arterial plaque rupture or erosion lead to an 
elevated release of PAF. This, in turn, triggers a 
series of events characterized by inflammation 
and blood clot formation. The presence of platelet 
hyperaggregability to PAF in N-STEMI is 
marked through a notable level of distinctiveness 
and responsiveness. This suggests that it could 
potentially play a role in the development of 
ACS40. PAF is produced by platelets and facilitates 
the process of platelet aggregation, as well as the 
release of mediators involved in inflammation and 
platelet activity. Simultaneously, the proclamation 
of thromboxane-A2 (Tx-A2) and the coarse innards 
of thrombocytes, including platelet-factor-4 (PF-
4) and â-thromboglobulin (â-TG), occurs. PAF 
does not function as an autonomous intermediary 
of platelet accumulation; rather, it operates in a 
similar way as Tx-A2 and adenosine di-phosphate. 
Activated platelets contribute to the evolution 
of atherosclerotic plaques and the creation of 
blood clots, which are important factors in the 
development of several cardiovascular disorders41.
 PAF functions synergistically with other 
mediators like thromboxane A2 (Tx-A2) and 
adenosine diphosphate (ADP). Upon platelet 
activation, these substances work together to 
enhance platelet aggregation and degranulation, 
contributing to the formation of thrombi and 
the progression of atherosclerotic plaques. The 
activated platelets release additional inflammatory 
mediators, leading to vascular injury, plaque 
instability, and increased risk of cardiovascular 
events such as heart attacks and strokes. Thus, PAF’s 
interaction with these mediators underscores its 
importance in cardiovascular disease development.
 Various animal model investigations have 
demonstrated that PAF plays a significant character 
in the development of cardiac diseases. Simply a 
limited number of studies have been conducted in 
humans to investigate the raised levels of PAF in 
patients who are at a higher risk of experiencing 
ischemic episodes due to coronary artery disease42. 



2080 NadeNdla et al., Biomed. & Pharmacol. J,  Vol. 17(4), 2071-2085 (2024)

Galectin-3 (Gal-3)
 Gal-3 is a polypeptide that can bind 
to â-galactoside molecules and is released by 
activated macrophages. Galectin-3 has a crucial 
function in the advancement and growth of heart 
failure and atherosclerosis. Elevated expression 
of this hybrid lectin was detected in ACS, and it 
is linked to heightened fibrosis and inflammation. 
Gal-3 levels in ACS increase due to myocardial 
damage, endothelial dysfunction, and inflammatory 
processes caused by plaque rupture or erosion. 
It functions by attaching and stimulating the 
fibroblasts responsible for producing collagen and 
scar tissue, resulting in the gradual development 
of heart fibrosis and ACS. Galectin-3 levels 
are markedly elevated in chronic heart failure, 
regardless of whether it has an acute or non-acute 
beginning, and regardless of its cause43. Higher 
levels of Gal-3 are linked to a greater likelihood of 
experiencing negative cardiovascular events, such 
as repeated heart attacks, heart failure, and death. 
This suggests that Gal-3 could be a useful indicator 
for predicting outcomes in individuals with acute 
coronary syndrome. By regulating Gal-3 activity, 
therapies have the potential to alleviate myocardial 
damage, decrease fibrosis, and enhance heart 
function in patients with ACS. There is speculation 
that inhibiting galectin-3 could perhaps slow down 
the advancement of heart failure and potentially 
decrease the negative health outcomes and death 
associated with heart failure. Galectin-3, a mediator 
produced by macrophages, stimulates the growth of 
cardiac fibroblasts, the accumulation of collagen, 
and the impairment of ventricular function. This 
suggests that in order to address inflammatory 
responses in heart failure (HF), it is necessary to 
focus on the first phases of HF and may counteract 
the effects of galectin-3. The clinical specimens 
have a galectin-3 size range of 1.4-94.8 ng/mL. 
Social anti-murine immunoglobulins or rheumatoid 
factor can disrupt the gal-3 assay, leading to 
inaccurately high findings. N-acetyl-seryl-aspartyl-
lysyl-proline (Ac-SDKP), a tetrapeptide found 
naturally, can directly inhibit galectin-344. This 
compound has the ability to prevent and contrary 
tenderness and collagen confession in the cardiac, 
particularly in cases of hypertension and cardiac 
failure following a heart attack. Patients with 
acute heart failure, regardless of the cause, as 
well as those with hypertrophic cardiac and aortic 

valve stenosis with systolic dysfunction, exhibited 
elevated levels of Gal-345. The gal-3 pathway, 
which is specifically associated with cardiac 
fibrosis, shows great potential for identifying 
high-risk patients. Gal-3 exhibits a significantly 
high predictive value for both short term and long 
term projection, and it also adds importance to the 
assessment of vasodilator peptide. Incorporating 
Gal-3 assessment into clinical practice has the 
potential to enhance the ability to forecast risk, 
inform treatment decision-making, and eventually 
lead to improved outcomes in patients with ACS.
Soluble ST-2
 Soluble ST-2 is a constituent of the pro-
inflammatory cytokine transducer family, present 
in two forms: interface bound (ST-2L) and soluble 
(sST2). Soluble ST-2 functions as a receptor 
that distracts interleukin-33 (IL-33), a cytokine 
that reduces inflammation and is involved in 
maintaining cardiovascular balance. The ST-2 gene 
is situated on the 2q12 region of the chromosomal 
unit of humans and produces two primary 
polypeptide isoforms: an integral membrane 
receptor known as ST-2 L and a shorter soluble 
receptor known as sST2. The IL-33 and ST-2 
L interaction facilitates inflammation-reducing 
effects and fibrosis-reducing effects46. Increased 
levels of sST-2 have repeatedly been linked to 
negative outcomes in individuals with ACS, such 
as a higher risk of death, repeated heart attacks, 
and heart failure. sST-2 has additional predictive 
value beyond conventional risk variables and 
known biomarkers such as troponin. Incorporating 
sST2 measurement into current risk assessment 
algorithms has the potential to improve the accuracy 
of risk prediction, enabling the implementation of 
more tailored patient care plans. Elevated sST2 
levels serve as a robust indicator of heightened 
mortality risk and unfavorable cardiac events, 
including recurrent myocardial infarction. While 
sST2 may provide additional predictive value, 
incorporating it into current risk assessment 
algorithms may not necessarily improve accuracy if 
it does not significantly impact treatment decisions 
or outcomes. Additionally, focusing solely on sST2 
levels may overlook other important factors that 
contribute to patient risk and prognosis. The levels 
of plasma sST-2 were markedly elevated in ACS 
individuals with multifarious lacerations compared 
to those with unpretentious lacerations, suggesting 
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that sST-2 could serve as a novel indicator for 
evaluating the steadiness and intricacy of arterial 
plaques that contribute to ACS47. Due to its lower 
susceptibility to age and renal insufficiency 
compared to NT-proBNP and hs-TnT, sST2 has 
been included in heart failure guidelines. It is 
considered to offer additional prognostic value and 
can assist in making therapy decisions for heart 
failure48. 
Unbound free fatty acids fraction (u-FFAF)
 Maintaining a balanced diet with proper 
nutrient intake is crucial for overall health, reducing 
heart issues, and potentially lowering the risk of 
certain cancers49. Biomarkers are crucial indicators 
aiding diagnosis in various conditions. In diabetes, 
elevated blood sugar (glucose) levels and HbA1c 
serve as biomarkers. For heart attacks, troponin 
levels signify heart muscle damage. Free fatty 
acids indicate metabolic dysfunction, influencing 
diabetes and heart health50. Biomarkers like 
oxidized LDL cholesterol, elevated in heart disease, 
signal increased risk of heart attacks. Free fatty 
acids, released during lipid metabolism, impact 
LDL oxidation, contributing to atherosclerosis. 
Monitoring these biomarkers aids in assessing 
cardiovascular health, highlighting the link 
between oxidized LDL, free fatty acids, and the 
risk of heart attack51. While the majority of the 
fatty compounds in the serous fluid are coupled to 
albumin, a smaller portion remains unbound, often 
known as the ‘free’ fraction. The calculation of the 
u-FFAF in serum is based on the proportion of free 
fatty acids to the total serum albumin52. Elevated 
levels of blood catecholamines during ischemia 
indicate that elevated FFAF concentrations are 
caused by the increased release of free fatty acids 
via lipolysis. Heparin-induced lipolysis or direct 
infusion of heparin leads to elevated levels of FFA, 
leads to cardiac arrhythmias. These effects might be 
caused by an increase in the use of oxygen by the 
heart muscle owing to a decrease in the productivity 
of oxidizing FFA associated to glucose or by the 
direct harmful effects of FFA on the heart muscle. 
FFAF is restrained by using a fluorescently labeled 
transgenic FFA interacting enzyme. The attachment 
of a free fatty acid to the marked synthetic protein 
causes the displacement of the fluorescent tag since 
its obligatory site, leading to a transient change 
in the spectrum. This change may be quantified 
using a fluorometer53. FFAF increases precede 

conventional indicators of myocardial necrosis. 
Relationship between biomarker and ACS listed 
in Figure 2.
Balancing Prognosis and Diagnosis in ACS
 Prognostic indicators are essential in 
forecasting outcomes and informing treatment 
choices in cases of ACS. It is crucial to acknowledge 
that they should not always be considered as a 
replacement for the diagnostic indicators in this 
illness. Although prognostic markers such as 
sST2 or platelet-activating factor (PAF) offer 
useful information about the risk assessment and 
long-term outlook of patients with ACS, they 
may not always accurately indicate the extent 
of myocardial damage during the acute phase. 
However, these markers frequently signify future 
alterations in cardiac tissue, such as continuous 
inflammation or remodeling, which may lack 
the necessary sensitivity or specificity for rapid 
identification. Thus, depending exclusively on 
prognostic markers without proper diagnostic 
assessment may lead to a delay in prompt therapies 
that are vital for rescuing ischemic myocardium 
and preventing additional harm. Therefore, it is 
crucial to adopt a holistic approach that includes 
both diagnostic and prognostic markers in order 
to effectively manage patients with ACS. This 
comprehensive approach allows for timely and 
accurate identification of the underlying cause of 
the acute coronary syndrome, guiding appropriate 
treatment strategies. By combining diagnostic 
tests such as ECG, cardiac enzymes, and imaging 
studies with prognostic markers like troponin 
levels and risk scores, healthcare providers can 
make informed decisions to optimize patient 
outcomes and minimize complications. Ultimately, 
a multidisciplinary approach that considers both 
diagnostic and prognostic markers is essential 
for delivering the highest standard of care for 
patients with ACS. This approach will enable rapid 
diagnosis, risk assessment, and implementation 
of suitable treatment methods. Diagnosis, as well 
as the identification of biomarkers, should be 
primarily determined by the medical presentation 
of retro-sternal pain, supported by electro-
cardio-graphic observations of ST segment 
nonconformities and cardiac imaging, including 
myocardial scans that reveal perfusion deficiencies. 
The treatment should take into account the use of 
antiischemic medications (such as nitrates and â 
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blockers), antiplatelet pharmaceuticals (including 
aspirin, P2Y (12) inhibitors, and glycoprotein IIb/
IIIa receptor blockers), as well as anticoagulants 
54. Advantages of novel biomarkers are shown in 
Table 1.

CoNCLuSIoN
 
 Cardiac troponins are increasingly used 
as indicators due to their association with the heart 
and ability to identify even minor heart muscle 
damage. Traditional indicators of myocardial 
necrosis, such as CK-MB and myoglobin, provide 
limited data on an individual’s condition and risk. 
Diagnosing and assessing the risk level in ACS 
is closely interconnected and provides valuable 
guidance for treatment. This process involves 
combining ECG, physical examination, medical 
history, and cardiac biomarkers in individuals with 
indications of ACS. Recent studies have explored 
other biomarkers, including inflammation, platelet 
activation, and ventricular stress. It is anticipated 
that the quantity of new biomarkers will increase 
in the future, with the ultimate objective being the 
discovery of markers that could potentially enhance 
patient care by offering greater value and additional 
information. As the omics method continues 
to expand, doctors and researchers can utilize 
metabolomics to examine these processes at the 
molecular level, hence enhancing the development 
of tailored medicines that can be applied in clinical 
settings.
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