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The morbidity and mortality rates for acute myocardial infarction (AMI) have been growing rapidly in
the recent years, causing a significant socio-economic damage. The cardiospecific biomarkers play
an important role in the diagnosis and prediction of AMI. The purpose of this review is to summarize
the information about the main existing cardiac biomarkers and their diagnostic and prognostic value
for patients with AMI. The currently existing cardiac biomarkers of AMI may be divided into several
groups: biomarkers of necrosis and ischemia of cardiomyocytes, neuroendocrine biomarkers, inflam-
matory biomarkers, as well as a number of new AMI biomarkers, the diagnostic value of which is still
poorly understood in AMI. In the first part of the review, we discuss the diagnostic and prognostic value
of the biomarkers of myocardial necrosis and ischemia (aspartate aminotransferase; creatine phos-
phokinase and its isoform MB; cardiac troponins; myoglobin; BB-isoform of glycogen phosphorylase;
ischemia-modified albumin; cardiac protein binding fatty acids) and neuroendocrine biomarkers of AMI
(natriuretic peptides; adrenomedulline; copeptin, catestatin; components of the renin-angiotensin-al-
dosterone system).
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INTRODUCTION

For the first time the concept of biomarkers of heart
damage in acute myocardial infarction (AMI) was de-
scribed more than half a century ago by A. Karmen et
al. [1], who in 1954 reported an increase in aspartate
aminotransferase in patients with AMI. In subsequent
years, creatine phosphokinase (CPK), or creatine ki-
nase, and lactate dehydrogenase were identified as
more sensitive and specific biomarkers for the diagno-
sis of AMI [2]. However, it soon became clear that nei-
ther total CPK and lactate dehydrogenase, much less
aspartate aminotransferase, have specificity for ische-
mic myocardial damage [3, 4]. Further development of
methods of protein analysis made it possible to iden-
tify isoforms of CPK-MB and lactate dehydrogenase-1,
which have a higher specificity for cardiomyocytes [5],
but the diagnostic significance of the latter gradually
faded into the background with the discovery of cardi-
ac-specific troponin (cTn) [6- eight].

The first methods for determining c-Tn were some-
what inferior in their effectiveness to the enzyme CP-
K-MB, which until 2000 was still the “gold standard” for
diagnosing AMI. In 2000, experts from the European

Society of Cardiology (ESC) and the American College
of Cardiology (ACC), based on several large clinical
studies, recommended the use of cTnl and cTnT as the
main biomarkers of AMI due to their sensitivity and al-
most absolute cardiac specificity [9-11]. At the same
time, according to several studies, cTnl and cTnT do not
have absolute cardiospecificity [12, 13]. So, D. Rusakov
et al. [12] found the expression of cTnT in the middle
membrane of the vena cava and pulmonary veins, and
G. Bodor et al. [13] reported on the expression of cTnT
both in healthy human skeletal muscle and in muscle
samples affected by polymyositis and Duchenne mus-
cular dystrophy.

Today, many cardiac indicators of the state are
known that have diagnostic and prognostic value in
AMI, but none of them simultaneously meets two key
criteria for an ideal AMI biomarker — absolute cardio-
specificity and high sensitivity, confirming minor myo-
cardial damage, which makes it possible to make an
accurate diagnosis and proceed to adequate treatment
in the early stages of acute heart attack. Convention-
ally, all known cardiomarkers can be divided into sev-
eral groups (Table 1).
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Table 1

The main laboratory biomarkers of acute myocardial infarction with diagnostic and prognostic value

AIM biomarkers

|. Biomarkers of necrosis
and ischemia
of cardiomyocytes

Accepted abbreviations

Laboratory AIM biomarkers

for AMI biomarkers

Aspartate aminotransferase AST
Creatine phosphokinase CPK
Creatine phosphokinase MB isoform CPK-MB
Lactate dehydrogenase-1 LDH-1
Cardiac troponins T and | cInl, cTnT
Myoglobin Mb
Glycogen phosphorylase BB-isoform GPBB
Ischemia-modified albumin IMA
Heart-type fatty acid binding protein hFABP

Natriuretic peptides

BNP/NT-proBNP

Adrenomedullin ADM
Catestatin CST
Il. Neuroendocrine Copeptin _
biomarkers Components PAAC / RAAS
of the renin-angiotensin-aldosterone
system (aldosterone, renin, angiotensin Il)
C-reactive protein CRP
Interleukin-6 IL6
Tumor necrosis factor TNF
lll. Inflammatory Myeloperoxidase MPO
biomarkers Matrix metalloproteinases MMPs
Soluble form of CD40 ligand sCD40L
Procalcitonin PCT
Placental growth factor PGF
Microribonucleic acids microRNA
) Stimulating growth factor expressed by gene 2 ST2
V. O_ther .emerglng Growth differentiation factor 15 GDF-15
cardiac biomarkers .
Galectin-3 -
Proprotein convertase of subtilisin-keksin type 9 PCSK9

Note. AIM — acute myocardial infarction.

MAIN LABORATORY BIOMARKERS OF ACUTE

MYOCARDIAL INFARCTION

l. Biomarkers of necrosis and ischemia

of cardiomyocytes

Cardiac troponins (cTnl, cTnT, ¢cTnC)

Troponin proteins are important for the interaction
of actin and myosin, and for the regulation of muscle
tissue contractile function in response to cytosolic cal-
cium and troponin phosphorylation. The troponin com-
plex is located together with tropomyosin on the actin
filament. The heart-specific isoforms cTnl and cTnT ex-
ist in myocardial tissue, while cTnC is also expressed in
skeletal muscle, which makes it unsuitable for use as a
biomarker of AMI [14-16].

To diagnose myocardial infarction, in accordance
with the third universal definition of myocardial infarc-

tion, the following laboratory criterion is used: detec-
tion of an increase in more than the 99th percentile
(upper control limit) and / or a regular dynamics of a
decrease in the level of cTn in serum; in addition, cTn
levels should be measured with a coefficient of vari-
ation < 10% [17, 18]. Advances in technology and the
development of highly sensitive assays (hs-cTn) have
improved the identification of myocardial injury with the
ability to detect elevated troponin levels within the first
hours after the onset of symptoms of cardiac ischemia
[18-21].

Although elevated serum cTn levels reflect myocar-
dial injury, the mechanistic basis for this observation
remains unclear. In addition to spontaneous AMI after
acute coronary occlusion and rupture of atherosclerotic
plagues, cardiac muscle necrosis may be secondary to

76 https://doi.org/10.17816/clinpract34284



REVIEWS

ischemia resulting from increased oxygen demand or
decreased oxygen delivery due to coronary embolism,
coronary artery spasm, arrhythmia, hypertension, se-
vere anemia and respiratory disorders. Therefore, cTn
levels can increase not only in ischemic heart disease
and myocardial infarction, but also in other noncardiac
disorders (Fig. 1) [11, 22-25]. One of the important fac-
tors contributing to the increase in the concentration
of cTn in the blood is the rate of their elimination, in-
cluding renal filtration. Indeed, cTn levels are elevated
in patients with renal insufficiency without symptoms
of acute coronary syndrome, although they are at in-
creased risk of heart failure. Another study reported
that in 50% of patients with renal failure and high cTn
levels, coronary arteries were not stenotic on coronary
angiography [26], implying that cTn is chronically ele-
vated in this population.

Highly sensitive methods of determination are ca-
pable of registering minor and reversible myocardial
damage that occurs in some physiological, as well as
at the initial stages of a number of pathological con-
ditions [11, 24], which significantly expands the pos-
sibilities of their use. In addition, information on the
circadian rhythms of hs-cTnT concentration is very in-
teresting: morning values exceed evening values [27,
28]. Researchers have linked the circadian rhythms of
hs-cTnT concentration to those of the neuroendocrine
system and hemostasis. Thus, higher morning hs-cTnT
values coincide with increased morning activity of the
sympathoadrenal system, including the adrenal glands
and the coagulation system, which seem to promote
the release of more cTn molecules from cardiomyo-
cytes in the morning [27, 28]. Nevertheless, information

on the circadian rhythms of hs-cTnT concentration and
the mechanisms underlying their formation is still lim-
ited and further studies are required to clarify their ef-
fect on diagnostic algorithms for AMI.

High cTn levels are useful for diagnostic purposes
and are also an independent prognostic marker, as evi-
denced by several clinical trials and meta-analyzes [29,
30]. The cTn level can inform clinical decisions about
whether to take more aggressive or conservative treat-
ment for acute coronary syndrome, since abnormal cTn
levels can identify the subgroups of patients who bene-
fit most from early invasive therapy [31].

With the development of highly sensitive methods
for determining cTn, the possibility of non-invasive di-
agnostics of cardiovascular diseases also appeared
[10, 32-34]. Thus, P. Pervan et al. [32] in their study
concluded that urinary hs-cTn levels can be used in
the diagnosis and monitoring of arterial hypertension.
Other studies reported the possibility of determining
cTn in the oral fluid in order to determine the severity
of coronary heart disease [33] and diagnose AMI [34].

Myoglobin, Mb

Myoglobin is a low molecular weight cytoplasmic
heme protein that is the most sensitive generally ac-
cepted biomarker for AMI. Due to its low molecular
weight, myoglobin leaves cardiomycytes much faster
and can be detected in the blood 1 hour after myocar-
dial injury, reaches a peak within 4-12 hours, and then
returns to its initial level within 24 hours [35]. However,
myoglobin has a lower specificity for cardiac necro-
sis than cTnl and cTnT, and myoglobin levels can be
increased in noncardiac disorders such as skeletal

Fig. 1. The main reasons (with the exception of acute myocardial infarction) of increased cardiac troponins [11]

Non-coronary causes of increased cardiac pathways

— T

Cardiac causes

[0 Inflammatory heart disease
(myocarditis, eno- / peri-

myocarditis) activity
O Cardiomyopathy (all types) O Psychoemotional stress
O Takotsubo syndrome O Chronic renal failure
O Heart failure O Systemic inflammation (sepsis)
[ Cardiotoxic compounds and drugs [0 Pulmonary embolism
(chemotherapy, sympathomimetics, 0

cocaine, methamphetamine, etc.)

latrogenic and heart-damaging
surgical procedures

O

hemorrhage)

O

Systemic conditions that damage
the myocardium
[ Prolonged and / or excessive physical

Neurological diseases (ischemic and
hemorrhagic strokes, subarachnoid

Analytical and
preanalytical factors

Heterophilic antibodies
Rheumatoid factor

Cross-reaction with skeletal
muscle troponins

Alkaline phosphatase

Hemolysis, lipemia, fibrin
clots

OO0 OO0

Hypotension and hypoxia (severe

respiratory distress, anemia, etc.)

www.clinpractice.ru 77

2020

Tom 11 %3



muscle disease or injury, as well as in chronic kidney
disease [36, 37].

Despite the lack of cardiac specificity, the com-
bination of myoglobin with cTnl or cTnT significantly
improved the ability to identify individuals with an in-
creased risk of mortality from AMI compared to each
of these biomarkers separately [38, 39].

Myoglobin is excreted mainly through the kidneys,
and renal failure is considered a predictor of poor out-
comes, including an increased risk of mortality, in pa-
tients with AMI [40]. Thus, it is assumed that myoglo-
bin predicts mortality by identifying patients with renal
failure.

Glycogen phosphorylase BB isoenzyme, GPBB

Glycogen phosphorylase (GP) is an intracellular en-
zyme that regulates carbohydrate metabolism by mo-
bilizing glycogen. GP catalyzes the first stage of gly-
cogenolysis (the breakdown of glycogen), as a result
of which the monosaccharide glucose-1-phosphate
is cleaved from this polysaccharide. There are three
different GP isoenzymes: GPMM (present in skeletal
muscle), GPLL (in the liver), and GPBB (in the brain and
cardiac muscle) [41]. During myocardial ischemia, the
GPBB enzyme is activated and enhances the break-
down of glycogen. GPBB is released into the blood-
stream 2-4 h after ischemic myocardial injury [42, 43].
Early release of GPBB into the blood is a common re-
sult of a combination of increased glycogenolysis and
increased cell membrane permeability, which is typical
of myocardial ischemia and necrosis [41, 44]. In a study
by N. Singh et al. [44] found that GPBB was the most
sensitive and specific biomarker for detecting AMI
compared with myoglobin and CPK-MB in the first 3—4
hours after the onset of chest pain. Thus, GPBB can be
used as an additional biomarker for the early diagnosis
of AMI.

Ischemia-modified albumin, IMA

In acute ischemia, the N-terminus of albumin is
changed (modified), as a result of which its binding ca-
pacity decreases: the resulting protein is called ische-
mic-modified albumin [45].

The advantage of this biomarker over cTn is that
positive IMA levels appear within minutes after ische-
mia and remain elevated for several hours, even be-
fore myocardial necrosis develops [46]. Consequently,
a negative IMA result in the initial assessment of the
patient’s condition indicates a low risk of developing
adverse events, which provides significant cost sav-
ings [47]. In patients with suspected acute coronary

REVIEWS

syndrome, diagnostic accuracy at admission increased
when IMA was used in conjunction with cTnT data and
electrocardiography [48]. In fact, IMA in combination
with cTnT results is a more sensitive marker for predict-
ing adverse cardiac events than cInT alone, although
the specificity and sensitivity of IMA is too low to be
useful for clinical decision making when used as an in-
dependent indicator [49].

Heart-type fatty acid binding protein, hNFABP

Heart-type fatty acid binding protein (hFABP) is a
small cytoplasmic protein present in cardiomyocytes,
which in some of its biochemical characteristics is
similar to myoglobin: due to its low molecular weight
and cytoplasmic localization, it is also rapidly released
and is involved in the circulation after myocardial injury
[50]. L. Agnello et al. [51] found that early diagnosis of
AMI can be based on the measurement of the level of
hFABP in the blood. Nevertheless, in a clinical study,
hs-cTn was superior to hFABP in sensitivity. In addition,
hFABP is not a myocardial specific indicator, since it is
expressed in skeletal muscle and kidney [52]. Thus, the
diagnostic value of hFABP remains controversial.

The prognostic value of hFABP in patients with sus-
pected acute coronary syndrome has been studied in
several studies [53-55]. A high level of hFABP during
1 year of follow-up was the best predictor of adverse
cardiovascular events among the markers of necrosis
(hFABP, cTnl, and CPK-MB) in patients with myocardial
infarction without ST segment elevation [53]. Sequential
(serial) measurements of hFABP during admission and
discharge provided valuable information about adverse
cardiac events in patients with chronic heart failure: for
example, patients with persistently elevated levels of
hFABP had the highest incidence of adverse cardiac
events, including sudden cardiac death and hospital
readmissions [54]. However, hFABP was not accepted
as a standard biomarker of acute coronary syndrome
due to the fact that it is much inferior in specificity to
cTn [55].

Il. Neuroendocrine biomarkers of acute

myocardial infarction

Natriuretic peptides (BNP / NT-proBNP)

Brain natriuretic peptide, or Natriuretic peptide type
B (BNP), is a hormone secreted by cardiomyocytes
in the ventricles of the heart in response to cardiac
stress and ventricular dysfunction. After its synthesis,
the proBNP precursor is cleaved into the active BNP
hormone, which performs a number of functions in the
human body, and the inactive NT-proBNP fragment
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(N-terminal prohormone of brain natriuretic peptide).
BNP functions include vasodilation, sodium and water
excretion (natriuresis), and inhibition of the renin-angi-
otensin-aldosterone system [56].

The levels of cardiac natriuretic peptides, especially
BNP and NT-proBNP, are elevated after acute coronary
syndrome [57]. It was also found that increased BNP
levels in patients with AMI are associated with the size
of the necrosis zone [58]. Although BNP / NT-proBNP
levels are elevated in patients with acute coronary syn-
drome, they cannot be used as diagnostic markers be-
cause they are also elevated in other conditions that
have similar symptoms to AMI, such as heart failure
and pulmonary embolism. Due to the partial clearance
(removal) of BNP and NT-proBNP by renal excretion,
patients with renal insufficiency also have high levels of
BNP and NT-proBNP [59].

Several studies have demonstrated the high pre-
dictive value of BNP and NT-proBNP in AMI patients.
Plasma NT-proBNP, measured 2-4 days after the de-
velopment of AMI, independently predicted left ven-
tricular function and one-year patient survival [60]. Ele-
vated BNP levels upon initial admission of patients with
ST-segment elevation myocardial infarction were asso-
ciated with impaired reperfusion after fibrinolysis and a
higher 30-day mortality rate. After adjustment for cTnl,
BNP remained independently associated with patient
mortality, and the likelihood of developing heart failure
and the risk of death of patients increased with higher
baseline BNP concentrations [61].

There are reports that BNP and NT-proBNP are
better at predicting cardiovascular events than risk as-
sessments on the TIMI (Thrombolysis in Myocardial In-
farction) or GRACE (Global Registry of Acute Coronary
Events) scales. The predictive value of NT-proBNP was
independent, and the combination of NT-proBNP and
the TIMI or GRACE scale did not significantly improve
the prediction of the risk of death in the short term [62,
63].

BNP and NT-proBNP are excellent predictive
biomarkers of adverse events after AMI, but there is
still no consensus on whether they can be equally reli-
ably used to select early treatment tactics for patients
in order to improve the prognosis of survival, by anal-
ogy with how they demonstrate their role in diagnosis
and treatment of heart failure [61, 62].

Adrenomedullin, ADM

Adrenomedullin is a regulatory peptide (hormone)
that is elevated in the serum of patients with cardiovas-
cular disease. It weakens the development of myocar-

dial infarction during acute myocardial injury and can
potentially affect the pathological process both in the
acute phase of AMI and as a result of remodeling [64,
65]. Elevated adrenomedullin levels are indicative of
cardiac remodeling and may improve risk stratification
in patients with heart failure and AMI [65, 66].

Catestatin, CST

Cathestatin is an important peptide that regulates
the functioning of the cardiovascular system. Cates-
tatin is an antagonist of catecholamines (dopamine and
norepinephrine), exhibiting antihypertensive, antiapop-
totic, cardioprotective, and hypoglycemic properties
[67]. According to studies [68, 69], in patients with AMI,
the levels of cathestatin are higher than in the control
group. Catastatin concentrations positively correlate
with ventricular remodeling [68] and catecholamine
levels and, according to the authors, exhibit protective
properties in the postinfarction period [69]. Cathestatin
is currently a relatively poorly studied biomarker.

Copeptin

Copeptin, a small glycopeptide consisting of 39
amino acids, is a C-terminal fragment of preprova-
sopressin, which is secreted in equimolar amounts
with antidiuretic hormone (ADH, vasopressin) into the
bloodstream after being cleaved in the neurohypoph-
ysis. Thus, copeptin is a surrogate biomarker of ADH,
and its serum levels reflect the production of ADH by
the neurohypophysis [70-72]. The production and se-
cretion of ADH and copeptin is similar to the produc-
tion of insulin and C-peptide by pancreatic endocrino-
cytes [73]. In the bloodstream, ADH is unstable and is
mainly associated with platelets, while copeptin, on the
contrary, is a stable biomarker, which makes it suitable
for diagnostic purposes [70-73]. In a recent study by
K. Kim et al. [74] showed that a multimarker strategy
using copeptin and hs-cTnl was not inferior to serial
hs-cTnl measurements in the diagnosis of AMI. Both
the sensitivity and the negative predictive value of the
multimarker strategy were 100%. At the same time,
the diagnostic efficacy of Copeptin alone in AMI was
limited. The specificity and positive predictive value of
the multimarker strategy were lower than with serial
hs-cTnl measurement [74]. According to J. Jeong et al.
[75], the diagnostic efficiency of copeptin in the early
diagnosis of AMI is higher than that of cTnl. The combi-
nation of copeptin and cTnl also has better diagnostic
efficacy compared to the combination of CPK-MB and
cInl in the early diagnosis of AMI [75]. M. Budnik et
al. [76] concluded that the copeptin/NT-proBNP ratio
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can be used in the differential diagnosis of AMI and
takotsubo syndrome, a pathological condition similar in
clinical symptoms to AMI, which is almost always ac-
companied by an increase in serum cTn concentration.
Thus, the study of copeptin in patients with suspected
AMI has some advantages over cTn. Further research
is needed to clarify these capabilities.

Renin-angiotensin-aldosterone system, RAAS

Renin-angiotensin-aldosterone system (RAAS) is
a hormonal system that regulates blood pressure and
fluid balance in the human body. The main compo-
nents of the RAAS used as biomarkers of cardiovascu-
lar diseases are renin, angiotensin Il, and aldosterone
[77]. RAAS is activated after AMI, leading to increased
blood volume and vasoconstriction. Aldosterone con-
tributes to a wide range of harmful cardiovascular
effects during AMI, including acute endothelial dys-
function, increased oxidative stress, cardiac myocyte
necrosis, and increased myocardial hypertrophy and
fibrosis [78, 79].

With the exception of BNP, the aforementioned neu-
roendocrine markers are not yet used in clinical prac-
tice for diagnosis or prognosis. Nevertheless, studies
have shown that treatment of patients with AMI with
inhibitors of the neuroendocrine system, in particular
with RAAS inhibitors, reduced morbidity and mortality.
For example, mortality and heart failure rates in patients
with acute coronary syndrome decreased with the ad-
ministration of an angiotensin-converting enzyme in-
hibitor/angiotensin receptor blocker and aldosterone
inhibitors [79, 80]. Given this information, higher levels
of these compounds in AMI may indirectly indicate a
poor prognosis.

CONCLUSION

An ideal biomarker for AMI should be sensitive and
specific in the early period of disease development and
have a high predictive value that could help clinicians
choose the most optimal treatment strategy. To date,
there is no ideal AMI biomarker that would have all
the characteristics at the same time. So far, the most
valuable diagnostic and prognostic markers of AMI
are cInT and cTnl, which are determined by highly and
moderately sensitive methods. Markers such as CP-
K-MB, GPBB, myoglobin, and hFABP, which are highly
sensitive, have low specificity in the diagnosis of AMI,
and therefore cannot be used as the main biomarkers.
Albumin, modified by ischemia, is notable for the fact
that its blood levels increase in the first minutes of is-
chemia, even before the development of myocardial
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necrosis, but it is also not specific enough to be used
as an independent indicator. Neuroendocrine labora-
tory parameters (natriuretic peptides, adrenomedullin,
cathestatin, copeptin, components of the renin-angi-
otensin-aldosterone system) can be used as prognos-
tic biomarkers of AMI. In addition, copeptin is practi-
cally not inferior to cTn in the early diagnosis of AMI.
The combination of copeptin and cTn has proven itself
well in the early diagnosis of AMI in current research.
In addition to this, the ratio of copeptin/natriuretic pep-
tides has shown high efficiency for the complex dif-
ferential diagnosis of two closely related pathological
conditions — AMI and takotsubo syndrome.
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