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Purpose: Acute myocardial infarction (AMI) is the most common cause of death in the world.
Comprehensive risk assessment of patients presenting with chest pain and eliminating undesirable
results should decrease morbidity and mortality rates, increase the quality of life of patients, and
decrease health expenditure in many countries. In this study, the advantages and disadvantages
of the enzymatic and nonenzymatic biomarkers used in the diagnosis of patients with AMI are
given in historical sequence, and some candidate biomarkers — hFABP, GPBB, S100, PAPP-
A, RP, TNE IL6, IL18, CD40 ligand, MPO, MMP9, cell-adhesion molecules, oxidized LDL,
glutathione, homocysteine, fibrinogen, and D-dimer procalcitonin — with a possible role in the
diagnosis of AMI are discussed.

Methods: The present study was carried out using meta-analyses, reviews of clinical trials,
evidence-based medicine, and guidelines indexed in PubMed and Web of Science.

Results: These numerous AMI biomarkers guide clinical applications (diagnostic methods, risk
stratification, and treatment). Today, however, Tnl remains the gold standard for the diagnosis
of AMI. Details in the text will be given of many biomarkers for the diagnosis of AMI.
Conclusion: We evaluated the advantages and disadvantages of routine enzymatic and nonen-
zymatic biomarkers and the literature evidence of other candidate biomarkers in the diagnosis of
AMLI, and discuss challenges and constraints that limit translational use from bench to bedside.
Keywords: acute myocardial infarction, cardiac protein, cardiac peptide

Introduction

Acute myocardial infarction (AMI) is one of the major causes of mortality and morbid-
ity worldwide.! About 10% of patients who are admitted to emergency departments
with chest pain every year are diagnosed with heart attack.? AMI is a condition that
can be due to ischemic heart disease or coronary artery disease in conjunction, and it
becomes manifest when an atherosclerotic plate ruptures and a developing thrombus
occludes the coronary artery totally or partially, restricting blood access to the heart
(Figure 1).># In this case, the opening of the occluded coronary artery is usually
provided by inserting a stent. However, when stents are insufficient, coronary bypass
is performed by cardiac pulmonary bypass surgery using the left internal mammary
artery or saphenous vein to maintain regular nourishment of the heart.’

AMI has found its place in the concept of acute coronary syndrome (ACS). ACS
includes a group of clinical syndromes ranging from unstable angina pectoris, AMI
with non-S (downward deflection immediately after ventricular contraction)-segment
elevation, and T (recovery of ventricles)-segment elevation to AMI, with ST-segment
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Figure | Gross anatomy of heart.

elevation and sudden death.® The sensitivity and specific-
ity of electrocardiography (ECG) are low in ACS.” In the
majority of cases with ST-segment elevation in ECG and
typical ischemic chest pain, AMI with a Q wave (downward
deflection immediately preceding ventricular contraction)
develops in most cases and AMI without a Q wave develops
in a few. However, the majority of cases without ST-segment
elevation develop unstable angina pectoris or AMI without
a Q wave, with a few developing AMI with a Q wave. ST-
segment elevation changes into ST-segment depression when
an oxygen-free environment persists.®

As the sensitivity and specificity of ECG are low in
diagnosing AMI, the criteria for AMI were decided by the
European Society of Cardiology (ESC) and the American
College of Cardiology (ACC).>! Accordingly, a patient has
to have at least two of the following: typical symptoms, a
characteristic elevation or decrease pattern in cardiac markers
(eg, CK-MB izoenzymes), preferably serum troponins (cTnl
or cTnT), or a typical ECG trace with Q waves that indicate
a diagnosis of AMI.*!

Ischemia due to decreased coronary artery flow causes
deterioration of ventricular function and myocardial necro-
sis.!? Therefore, such enzymes as ALT, AST, LDH, CK, and
troponins have been indicators for years us a diagnosis of

Left coronary artery

Circumflex branch
of left coronary artery

AMI.'3! Therefore, in our study, cardiac markers (¢Tnl and
c¢TnT), CK-MB, and myoglobin, frequently used in diag-
nosing AMI and determining prognosis, are mentioned in
review, and our intention is to discuss some other important
candidate biomarkers, such as copeptin'® and irisin,'® which
may be relevant in diagnosing AMI and determining prog-
nosis (Figure 2).

Methods

This systematic review was done through meta-analyses,
reviews of clinical trials, evidence-based medicine, consen-
sus development conferences, and guidelines in PubMed
and Web of Science. Citations from journals specializing in
clinical review studies are also included.

Search terms were: acute coronary syndromes, acute
myocardial infarction, creatine kinase (CK), cardiac pro-
teins, adropin, alanine aminotransferase (ALT), aspartate
aminotransferase (AST), Brain natriuretic peptide (BNP),
chronic renal failure (CRF), copeptin, C-reactive protein
(CRP), D-dimer procalcitonin, fatty-acid-binding protein
(FABP), fibrinogen, glutathione, glycogen phosphorylase
(GP), glycogen phosphorylase isoenzyme BB (GPBB),
heart-type fatty acid binding protein (hFABP), homocys-
teine, intracellular calcium binding protein dimer (S100),
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Figure 2 Diagnosis chart of AMI and possible physiological effects.
Abbreviations: ECG, electrocardiography; AMI, acute myocardial infarction.

irisin, ischemia-modified albumin (IMA), lactate dehydro-
genase (LDH), macroglobulin complex, metalloproteinase
9 (MMP9), myeloperoxidase (MPO), myoglobin, oxidized
LDL, phosphatidic acid (PA), phosphatidylcholine (PC),
phospholipase D (PLD), plasma choline (P1Cho), pregnancy
associated plasma protein A (PAPP-A), tropomyosin, tropo-
nins (¢Tn, TnC, Tnl, TnT), tumor necrosis factor (TNF), and
whole-blood choline (WBCho).

What should make an ideal

cardiovascular biomarker?

There are no “ideal” biochemical markers for the diagnosis
of almost all diseases in medicine. This fact increases the
health costs of countries and morbidity and mortality in its
inadequacy. Despite recent advances in medicine, mortality
and morbidity due to cardiovascular diseases remain the
foremost problem in world health. The presence of an ideal
biochemical marker of the cardiac system would reduce the
morbidity and mortality rate associated with AMI.

An ideal cardiac marker: 1) must be sensitive enough to
detect a small degree of damage to the heart, 2) should be
specific to the heart muscle (it must exclude damage to other
[skeletal] muscles), 3) should give information regarding the
severity of the infarct and the prognosis of the disease, 4)
should also show the result of reperfusion therapy in AMI,
5) needs to distinguish between reversible and irreversible
damage, 6) ought not to be detected in patients showing no

myocardial damage, 7) should help in early and late diagnosis,
8) should be easy to measure, fast, cheap, and quantitative,
and finally, 9) should have long-term storage conditions and
be stable under them.*'”'® In the following sections, we try
to formulate a scientific approach to find an ideal cardiac
marker and the effort required to achieve this end.

Results
Cardiac enzymes previously used in
diagnosis of AMI

Historically, AST and LDH enzymes were first used in the
diagnosis of AMI. However, since these enzymes do not
have the characteristics of ideal cardiac markers, they were
duly abandoned. However, since the measurements of at any
hospital are limited and easy, they have the capacity to give
an idea to physicians when they are measured, combined
with the patient’s history. It should be remembered that
CK and CK-MB enzyme measurements remain as valuable
parameters in the diagnosis of AMI. 3!

Role of aspartate aminotransferase in

diagnosis of AMI

Ladue et al suggested in 1954 that AST (formerly called
glutamate oxaloacetate transaminase) released from the
necrotic cardiac myocytes to the circulation could be helpful
in diagnosing AMI. This was the first biomarker used in the
diagnosis of AMI, but is no longer used today because it is
not specific to the heart. However, the age of the enzyme in
the diagnosis of AMI in cardiology had been initiated. Just
1 year after the assertion that AST could help to diagnose
AMI, LDH was seen to be a useful marker in the diagnosis
of AMIL. 1%

Lactate dehydrogenase in diagnosis of
AMI

LDH is expressed in many organs, including skeletal muscle
(maximal), kidney, liver, heart, lung, and erythrocytes. LDH
has five isoenzymes. The heart has LDHI, but it is not highly
specific to the heart.?' Because it is released from erythro-
cytes, kidney, brain, skeletal muscle, stomach, and pancreas,
it can be elevated in some tumors (seminoma/dysgermi-
noma).? It increases within 612 hours from the onset of
chest pain, peaks over 1-3 days, and returns to normal values
within 8—14 days. An LDH1:LDH2 ratio >1 is reported to be
specific for AMI, but currently it is not used in the diagnosis
of AMI.? Today, the only use of LDH is in distinguishing
acute from subacute MI in patients who reach hospital in the
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late stage of the disorder, with positive troponins whose CK
and CK-MB values have returned to normal levels.*

Role of creatine kinase and CK-MB in
diagnosis of AMI

CK is an enzyme that catalyzes the reversible transformation
of creatine and ATP to creatine phosphate and ADP.* With the
discovery of a radioimmunoassay in 1970,%° measurement of
CK activity was considered a better predictor of heart-muscle
damage and an indispensable parameter of laboratories in the
diagnosis of AMI for 20 years.?”” CK is involved in mitochon-
dria and cytosol in muscle cells. The dimeric enzyme, consist-
ing of two subunits, M and B, has three isoenzymes: CK-BB
(CK1), CK-MB (CK2), and CK-MM (CK3). CK-MM is the
dominant form found in all tissue.?® CK-BB is present in the
brain, kidney, and gastrointestinal tract. CK-MB can be found
in the heart, skeletal muscle, small intestine, diaphragm,
uterus, tongue, and prostate.” About 20% of total CK in
the myocardium is in the MB form, giving sensitivity and
specificity in the diagnosis of AMI. It has a ratio of 5% in
skeletal muscle. Therefore, its increasing level during trauma
and inflammation reduces its specificity. Another limitation
of CK-MB is that it cannot detect minor myocardial damage,
due to its high molecular weight. CK-MB reaches its highest
point within 24 hours, starting to increase 4-9 hours after
myocardial injury and decreasing to the normal range after
48-72 hours.*® Total CK and CK-MB levels are correlated
with infarct size and are important predictors of prognosis.
CK-MB activity has also been found to be more sensitive
and specific than CK-MB mass measurements.

After passing into the blood, CK-MB is divided into two
groups as MB1 and MB2. In the plasma, the CK subtypes
are normally in equilibrium. When AMI occurs, MB2 passes
into blood with a low ratio and a significant change in the
MB2:MBI ratio occurs, whereas CK and CK-MB levels
remain normal. An MB2:MBI ratio 1.5 is interpreted in
favor of AMI. CK-MB subgroup analysis has 91% sensitiv-
ity and specificity in the diagnosis of AMI during the first 6
hours. The negative predictive value during the first 6 hours
is 97%, and the negative predictive value of myoglobin 95%
over the same period. CK-MB is specific in the diagnosis of
myocardial damage; however, determination of the CK-MB
relative index (CK-MB/total CK x 100) by measuring
CK-MB and total CK is also frequently used for diagnosis
of ML. If this index is 2.5% or above, CK-MB is probably of
myocardial origin.’!

CK-MB is also valuable in evaluating reperfusion. It
begins to increase after 1-2 g myocardial damage. For

definitive benefit in the diagnosis of AMI, at least 10-12
hours after the onset of symptoms should pass. Its specific-
ity is 97% just 10—12 hours after symptoms have appeared.
This sensitivity is quite good if serial follow-up covers 2448
hours. If the ECG finding does not support the CK-MB value
within 4-6 hours after the pain, it becomes meaningless.?!

Conditions in which CK-MB is false

positive in diagnosis of AMI
Malignancy (prostate, breast), pulmonary embolism, drugs
(aspirin), myocarditis, pericarditis, hypothyroidism, chronic
renal failure, chronic severe exercise, cardiac trauma, con-
tusion, surgery, inflammation (muscular dystrophy, inflam-
matory muscle disease), muscle trauma, rhabdomyolysis,
collagen tissue diseases (systemic lupus erythematosus),
hyperthermia, Reye’s syndrome, peripartum period, alco-
holism, acute cholecystitis, prolonged tachyarrhythmia,
convulsions, electric shock, cardioversion (multiple shocks),
and intramuscular injection all cause false-positive results in
CK-MB measurements. Therefore, these conditions should
be considered when using CK-MB as a biomarker in the
diagnosis of AMI.32%

Other conditions to be taken into account when using
CK-MB for the diagnosis of AMI include the following.'***

1. If the decrease and increase in CK-MB is irregular and
there is prolonged duration, then skeletal muscle damage
should be considered.

2. If <5% of total CK activity is constituted of CK-MB,
skeletal muscle sources should be investigated.

3. If total CK is increased 20-30 times, it should be con-
sidered that the cause may be skeletal muscle in origin.
However, if the CK-MB:CK ratio is >2.5%, there is a
high likelihood of cardiac origin.

4. Macro CK1 (CK* macroglobulin complex) migrates
instead of CK-MB in electrophoresis and results in a
false-positive result. The incidence in elderly patients is
1.6%.

5. Direct current cardioversion increases total plasma CK
activity, but does not increase the CK-MB level unless it
is repeated.

6. It should also be noted that reduced clearance in hypo-
thyroidism increases CK-MB levels.

Approximately 10% of millions of patients who present to
emergency departments with chest pain or symptoms of ACS
globally are reported to have real AMI clinical presentation.*
Analysis of cardiac markers is important for early detection, risk
assessment, reliability, and cost reduction. In addition, delays in
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the diagnosis of AMI may affect the evaluation of other under-
lying diseases. Therefore, cardiac enzymes have been replaced
by protein-based molecules called cardiac-induced troponins
(TnC, Tnl, and TnT) in the diagnosis of AMI.

Useful cardiac proteins in diagnosis of
AMI

There are many proteins released into the circulation by the
cardiac system, such as myoglobin, BNP, TnC (binding to
calcium), Tnl (blocking actin—myosin interaction), and TnT
(bound to tropomyosin). However, most are inadequate for the
diagnosis of AMI. Therefore, in the next part of this review,
cardiac proteins with high specificity and sensitivity that can
help in the diagnosis of MI are discussed.

Role of myoglobin in diagnosis of AMI
Myoglobin is an iron- and oxygen-binding protein abun-
dantly present in the heart and skeletal muscle of animals
and has a molecular weight of 16.8 kDa. Max Perutz and
Sir John Cowdery Kendrew in 1958 analyzed its structure
with crystallography.** Myoglobin is not found in any tissue
other than muscle, but it can be present in the bloodstream
as a result of muscle damage. It is a sensitive marker for
AMLI, but has no specificity. It is rapidly released from the
myocardium during the injury and is rapidly excreted from
the kidneys within 24 hours.** Myoglobin rises in the first 30
minutes in the early period after the onset of an acute event,
due to its rapid kinetics, and thus is an important biomarker
for early detection and/or exclusion of cardiac damage.* It is
elevated in all AMI patients within 6—10 hours and peaks at
the 12th hour. Since it has no specificity, negative values are
important in the clinic, rather than positive values.* There-
fore, CK-MB, c¢TnT, ECG, and clinical findings should be
taken into consideration in the diagnosis of AMI. However,
it should be noted that it is useful in evaluating infarct size
and reperfusion.

Role of troponins in diagnosis of AMI

Nowadays, the most important cardiac proteins involved in
the diagnosis of AMI are TnC, Tnl and TnT.>” TnT and Tnl
are known as cardiac troponins because they are present in
heart and skeletal muscle. Cardiac proteins are synthesized
and released from cardiac muscle.*® These proteins interact
with tropomyosin to form the main structure of the striated
heart muscle. Cardiac troponin (cTn) acts on myocardial
contraction by regulating the calcium-dependent interac-
tion of actin and myosin. ¢Tn has many isoforms specific
to tissue.*® TnC has no cardiac specificity, because it is the

same as the troponin isoform found in smooth muscle. On
the other hand, cTnT and I are completely different from
troponins in the skeletal muscle, because they are coded by
different genes.* These proteins are present in myocytes, the
cytosolic pool, and the contractile apparatus. The amount of
TnC present in the cytosolic pool is similar to the amount
of CK-MB,* but there is also a significant amount of ¢Tn
in the contractile apparatus. Therefore, the amount of TnC
per gram of myocardium is 13—15 times greater than the
amount of CK-MB. This can thus explain the higher sen-
sitivity of ¢cTn compared with CK-MB in the early period
and the elevated level of cTn in peripheral blood despite
the normal level of CK-MB after myocardial tissue damage
<1 g (due to ischemia, infarct, trauma, toxic damage, or
inflammation).*! For this reason, the ACC and ESC stated
that it is an important biochemical marker for the diagnosis
of AML*# Cardiac troponins noteworthily are elevated in
different clinical conditions, although their sensitivity and
specificity are significantly higher in detecting coronary
ischemia. Except for AMI, there are clinical conditions in
which troponins may be high. These conditions (elevation
of troponins) are summarized in Table 1 as cardiac and non-
cardiac causes.” Therefore, elevation of troponins should
not always be interpreted in favor of coronary ischemia. A
healthy person has low levels of TnC in serum, but it reaches
a level to be measured in the case of myocyte damage due to
release from the cytosolic pool in the early period and from
the contractile apparatus in the late period to the peripheral
blood. Therefore, blood levels increase within 2—4 hours after
acute myocardial damage and reach peak levels in 24 hours.
Blood cTn levels are high for 2—3 weeks. Unlike the CK-MB
level, the reason for the long-lasting elevation is the continu-
ation of the release of cTn from the contractile apparatus in
the late period. New troponin tests today can in fact detect
even very low levels of troponin. For example, the Singulex
troponin test is a new high-precision troponin analysis using
single-molecule-counting technology: Singulex Clarity (high
sensitivity [hs] Tnl: 0.08 ng/L), Abbott Architect (hs-Tnl: 2
ng/L), and Roche Elecsys (hs-TnT: 5 ng/L). These values
indicate the high sensitivity with which troponins can be
measured to tenfold-higher concentrations than old values;
therefore, it is now possible to measure troponin values in
healthy individuals.** According to the ESC, for an AMI
diagnosis based on troponin elevation: if troponin elevation
occurs first, >20% rise is needed, or in patients with a low
starting value, troponin needs to rise by 50%. In low-fidelity
troponins, second testing should be no sooner than 6 hours.
In hs-troponins, a second laboratory repeat can be performed
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Table | Possible causes of troponin elevation, except in acute myocardial infarction

Cardiac causes

Noncardiac causes

Acute and chronic heart failure

Acute inflammatory myocarditis, endocarditis/pericarditis
Aortic dissection

Aortic valve disease

Apical balloon syndrome

Bradyarrhythmia, heart block

Cardiac contusion

Cardioversion

Hypertrophic cardiomyopathy
Myocardial trauma
Tachycardia/tachyarrhythmia

Cardiac surgery, post—percutaneous coronary intervention, endomyocardial biopsy

Acute pulmonary edema

Acute pulmonary embolism
Cardiotoxic drugs

COPD

Chronic renal failure

Difficult exercise/excessive effort
Infiltrative diseases (amyloidosis)
Nonacute critical cardiac disease
Pulmonary hypertension
Rhabdomyolysis

Sepsis

Stroke, subarachnoid hemorrhage

within 2—3 hours. Normal hs-troponin for 3 hours has a nega-
tive predictive value of 99%.%

Candidate cardiac proteins with potential

in future diagnosis of AMI

Many tissue peptides and proteins have been discovered
in recent years, due to advances in molecular biology and
biochemistry. Therefore, we need to see whether these
molecules that are synthesized and released from the heart
tissue (synthesized and released from myocytes) have a role
in the diagnosis of AMI. The main objective in the search
for new markers is to make comprehensive risk assessments
of patients with chest pain at the earliest time and eliminate
any undesirable consequences. Therefore, in this part of this
review, molecules with possible roles in the diagnosis of
AMI are discussed.

Role of hFABP in diagnosis of AMI

One of the biomarker proteins that arises after tissue dam-
age is FABP. hFABP is a biochemical biomarker that has the
potential to be used to detect heart attack.*® It is one of nine
specific FABP families. Each gets the name of the organ
from which it was identified. FABPs are 15 kDa cytoplasmic,
nonenzymatic proteins involved in intracellular buffering
and transport of long fatty-acid chains. FABPs are released
from the damaged cells into the blood very quickly, and their
half-life is 20 minutes after release from kidneys into the
circulation. The primary function of FABP is to transport
intracellular long-chain fatty acids. Another function is to
protect cardiac myocytes against long-chain fatty acids,
which are localized at high concentrations, especially during
ischemia.*” The increase starts just 3 hours after the onset
of chest pain. It returns to normal after 12—24 hours and is
detected in lesser amounts than myoglobin, but it is more

useful in diagnosing AMI. Metabolism is primarily controlled
by the kidneys. Therefore, an increase in blood hFABP levels,
as in myoglobin, should be combined with other suspected
criteria in favor of ML

Role of glycogen phosphorylase

isoenzyme BB in diagnosis of AMI

GPBB (0-1,4-D-glucan: orthophosphate D-glucosyltrans-
ferase; EC 2.4.1.1) is an important enzyme in the regula-
tion of carbohydrate metabolism. It is present in significant
amounts in the human heart and brain. Its physiological
role is to provide fuel (glucose) in conditions of increased
glucose requirement, such as hypoxia and hypoglycemia, or
to create energy for muscle contraction. It is released from
damaged myocardial cells in the early period.”® It causes
myocardial oxygen deficiency and GPBB release. CK-MB is
a better predictor of AMI in the first 4 hours compared with
myoglobin and TnT. It rises in the first 1-4 hours of AMI,
peaks at 610 hours, and returns to reference values within
1-2 days. Compared with GPBB and other cardiac markers
used today, there are significant differences in sensitivity
in the first 4 hours, especially after the onset of chest pain
(GPBB 0.77, CK-MB mass and myoglobin 0.47, TnT 0.40,
CK activity 0.20).%

Role of ischemia-modified albumin in
diagnosis of AMI

A structural change in the N-terminus of albumin in patients
with myocardial ischemia was discovered, and this albumin
showed lower metal-binding capacity with cobalt on the
albumin—cobalt binding test. IMA rise can be detected by
this test 3 hours after the appearance of ACS symptoms
(sensitivity 70%, specificity 80%, positive predictive value
96%).%° However, the detection of high IMA levels in patients
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with cancer, infection, brain ischemia, liver disease, and
end-stage renal disease limits the specificity of this test in
the diagnosis of AMI.

Role of SI00A from calcium-binding

proteins in diagnosis of AMI

S100 is an intracellular calcium-binding protein dimer in
vertebrates. This protein was first isolated from the bovine
brain by Moore in 1965, and was named S100 because it is
dissolved in 100% saturated ammonium sulfate at neutral pH.
Its molecular weight is 21 kDa. There are three main dimeric
isoforms consisting of two monomeric subunits — o and [3.
According to this, the ST00A  isoform consists of an oo sub-
unit and can be found in striated muscle, heart, and kidneys.
The S100B isoform consists of the B subunit and is present
in glial and Schwann cells. The S100A isoform is composed
of an aff subunit and is found only in glial cells. It has local
regulatory effects on metabolism and cell division. SI00A
serum levels increase in trauma and acute ischemic stroke,
and are highly sensitive in showing myocardial injury.’!

Role of choline in diagnosis of AMI

PLD catalyzes the hydrolysis of phosphatidylcholine, the
most abundant phospholipid of plasma membrane, result-
ing in the production of choline and phosphatidic acid.
Concentrations of WBCho and PICho increase during the
early period of AMI, due to coronary plaque destabilization
and stimulation of PLD by macrophages in tissue ischemia.
Therefore, it has been suggested that cardiac ischemia can
be detected early if choline levels of patients with ischemic
symptoms are observed.*>

Suggested other new cardiac peptides

with potential roles in diagnosis of AMI

In recent animal and human studies, the irisin molecule may
have an early role in the diagnosis of AMI. However, since
the irisin molecule is synthesized in many other biological
system tissues, including heart and skeletal muscle tissue,
its availability in the diagnosis of AMI is weakened. In the
case of AMI, irisin decreases, unlike other known cardiac
markers. Probably, it would be appropriate to diagnose AMI
in future by using ECG* CK and CK-MB"* Tnl* irisin, due to
the advantage of this feature of irisin. It has also been sug-
gested that copeptin, another novel peptide, may be used as
a diagnostic marker in combination with other biomarkers in
patients with suspected AMI diagnosis. Copeptin alone can-
not be a single diagnostic marker in patients with suspected
AMI diagnosis. Adropin molecules have been reported to

increase after AMI in 1-24 hours. Therefore, this is a new
parameter that will probably contribute to the sensitivity of
Tnl in the diagnosis of AMI. Although a large number of
peptide-based molecules have been investigated in this field
(to make a clear and precise diagnosis of AMI), the three
molecules just mentioned promise much more and have only
been mentioned here.

Other plasma-induced cardiac
biomarkers that may play roles in
diagnosis of AMI

Cardiac markers in the diagnosis of AMI are only detected
in the blood when myocardial necrosis develops. PAPP-A
is elevated 2—30 hours after the onset of chest pain.** CRP
is useful for monitoring inflammatory process, coronary
artery pathologies, and the course of coronary artery disease.
Sometimes hs-CRP levels in healthy people are higher than
in those patients with high revascularization and the risk of
myocardial incidence.” TNF, IL6, IL18, CD40 ligand, MPO,
MMP?Y, cell-adhesion molecules, oxidized LDL, glutathione,
homocysteine, fibrinogen, and D-dimer procalcitonin could
be valuable in the diagnosis and prognosis of AMI. It has
also been emphasized that lipid biomarkers, LpA, ApoA,
ApoB, particle density, and particle size may have roles in
the diagnosis of AMI.*¢ In addition, these molecules may be
descriptive concerning the severity of coronary artery disease
and may show increased risk of future MI.

Discussion
Advantages and disadvantages of cardiac
enzymes, proteins, and some peptides in

diagnosis of AMI

AST currently has no place in the diagnosis of AMI. Peptide-
structured molecules have not yet found any place in the
diagnosis of AMI. If CK-MB is used in the diagnosis of
AMI, serial increase and decrease should not be seen in the
level of CK-MB. CK-MB should be at least 10-14 U/L. In
monitoring at 4-hour intervals, CK-MB should be increased
by 50%. If viewed in a single time period, it should be twice
the normal level. If it is analyzed after 72 hours, it is important
that CK-MB is seen to be higher than troponins and LDHs.
Cardiac enzymes are superior to ECG in the diagnosis of
AMI. Myoglobin, FABP, and GPBB are early biomarkers in
the diagnosis of AMI. TnT and Tnl are late markers. CK-MB
is a remarkable AMI biomarker in the first 10—12 hours. An
increase in Tnl is an indicator of myocardial injury if CK-MB
is within normal limits. For the diagnosis of AMI, Tnl is more
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specific. While CK-MB levels return to normal within 72
hours after MI, and as cardiac troponins are released in the
troponin complex, their level can be high in the blood even
7-14 days later. In other words, the analysis of troponins can
be used to diagnose an individual’s past AMI within 7-14
days. TnT is not specific to the heart. TnT shows biphasic
release during AMI. The first peak occurs within 24 hours
of symptoms, and the second one is on the fourth day. TnT
levels are high in the blood for a few days and return to normal
values after 10-14 days. Tnl is specific to the heart. After
9-12 hours, the sensitivity for the diagnosis of AMI is 100%
and has monophasic release kinetics. In patients with chronic
renal failure, TnT may increase without myocardial damage.
Therefore, Tnl is a more reliable biomarker in the diagnosis of
AMI in patients with chronic renal failure.* Multiple cardiac
biomarkers are recommended, as they increase specificity
and sensitivity in the diagnosis of AMI. The properties of
some dispensable cardiac biomarkers used in the diagnosis
of AMI are summarized in Table 2.25-33

Conclusion
AMI has a high mortality rate worldwide, but fast and reli-
able diagnosis can reduce mortality. Biomarkers are elevated
because of cell death in the myocardium. Therefore, many bio-
chemical parameters of heart-tissue origin have been used in the
diagnosis of AMI from past to present. A biomarker that meets
the definition of an ideal cardiac biomarker, as we previously
described, has yet to be discovered. In other words, there is no
consensus on the best cardiac biomarker. There is no doubt that
a better one will always exist. Analysis of a single biomarker
is not recommended, since there is no ideal and specific single
biomarker. It should also be noted that cardiac biomarkers do
not make for a diagnosis, but do help in reaching one.
Currently, hs-cTnl and hs-cTnT, which allow measure-
ment of even low cTn concentrations with high precision,
are the gold-standard biomarkers for diagnosing AMI.>"%
It has been also reported that the hs-cTnT 0-hour/1-hour

algorithm in rapid ruling out of AMI had a negative predictive
value similar to that observed in the APACE pilot study.**%
Rapid ruling out of AMI in approximately half of patients
with missed AMI found late increasing hs-cTnT levels.*¢!
Furthermore, the ADAPT trial pointed out that patients who
meet the low-risk criteria might also be considered for dis-
charge with close follow-up with their primary-care doctor
after negative 0-hour and 2-hour troponin testing.®> On the
other hand, the recent ASPECT *7 study used 0- and 2-hour
biomarker testing with a point-of-care multimarker panel,
ECG, and TIMI score.®

CK-MB and myoglobin are no longer used in emergency-
department settings, as recommended by current guidelines.
However, CK-MB may be used to estimate infarct size. Also
other candidate biomarkers, such as hFABP, GPBB, S100,
PAPP-A, CRP, TNE, IL6, IL18, CD40 ligand, MPO, MMP9,
cell-adhesion molecules, oxidized LDL, glutathione, homo-
cysteine, fibrinogen, and D-dimer procalcitonin may play
a role in the diagnosis of AMI. Many of these candidate-
markers result obtained with hFABP, S100A  protein, fibrino-
gen, or others in the myocardial tissue of subjects dead from
myocardial ischemia (by immunohistochemistry) were also
analyzed in forensic literature to obtain a better diagnosis of
early evolving MI.%4-¢

Salivary and urine biomarkers were also under investi-
gation in determining the diagnosis and prognosis of AMI.
Determination of salivary and urine biomarkers could repre-
sent a noninvasive alternative to serum ones that can be useful
in clinical practice, but no fully reliable kits are available to
detect cardiac marker in saliva and urine yet. In future, com-
bining enzymatic and nonenzymatic biomarkers and candidate
biomarkers might be more useful in the diagnosis of AMI.
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Table 2 The properties of some dispensable cardiac biomarkers used in the diagnosis of AMI

Test type Cardiac marker NPV (%) PPV (%) FTBP (hours) Peak (hours) Specificity (%) Sensitivity (%)
Single assay CK 90 20 3-8 12-24 80 35

CK-MB 90 25 4-6 12-24 85 35

Tnl* and TnT* 9l 56 4-10 — 96 35
Serial assay CK 99 30 — — 68 95

CK-MB 99 73 — — 95 95

Tnl** and TnT** 98 72 — 8-28 95 89

Notes: *Measured 4 hours after onset of chest pain; **measured |10 hours after onset of chest pain.
Abbreviations: AMI, acute myocardial infarction; FTBP, first test becomes positive; PPV, positive predictive value; Tnl, Troponin I; TnT, Troponin T; NPV, negative

predictive value.
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