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Abstract: Laboratory diagnosis plays one of the key roles in the diagnosis of many diseases,
including cardiovascular diseases (CVD). The methods underlying the in vitro study of many
CVD biomarkers, including cardiac troponins (cTnl and c¢TnT), are imperfect and are
continually being improved to enhance their analytical performance, with sensitivity and
specificity being the most important. Recently developed improved cTnl and cTnT detection
methods, referred to as highly sensitive methods (hs-cTnl, hs-cTnT), have changed many of
our ideas about the biology of cardiac troponins and opened up a number of additional
diagnostic capabilities for practical healthcare. This article systematizes some relevant data
on the biology of cardiac troponins as well as on methods for determining c¢Tnl and ¢TnT
with an analysis of the diagnostic value of their analytical characteristics (limit of blank,
limit of detection, 99th percentile, coefficient of variation, and others). Data on extracardiac
expression of ¢cTnl and cTnT, mechanisms of formation and potential clinical significance of
gender, age, and circadian characteristics of hs-cTnl and hs-cTnT content in serum are
discussed. Considerable attention is paid to the discussion of new diagnostic capabilities of
hs-cTnl, hs-cTnT, including consideration of promising possibilities for their study in
biological fluids that can be obtained by non-invasive methods. Also, some possibilities of
using hs-cTnl and hs-cTnT as prognostic laboratory biomarkers in healthy people (for
example, to assess the risk of developing CVD) and in patients suffering from a number
of pathological conditions that cause damage to cardiomyocytes are examined, and the
potential mechanisms underlying the increase in hs-cTnl and hs-cTnT are discussed.
Keywords: laboratory diagnostics, cardiovascular diseases, acute myocardial infarction,
biomarkers, cardiac troponins, c¢Tnl, ¢TnT highly sensitive methods, hs-cTnl, hs-cTnT,
analytical characteristics, 99th percentile, limit of detection, coefficient of variation

Introduction
Important Aspects of the Clinical Biochemistry of

Cardiac-Specific Troponins

There are three different troponin proteins (cTnl, cTnT and cTnC) in the troponin complex
localized in human cardiac striated muscle. Their functional role is to regulate the
contraction and relaxation of myocardial tissue.'* The structure (sequence of amino
acids in peptide chains) of ¢Tnl, cTnT and ¢TnC is important for the functional state of
the cardiac muscle. Numerous genetic studies revealed a large number of mutations in
genes encoding troponin proteins (for example, by the type of substitution or deletion of
one or several nucleotides), which led to the replacement of the corresponding amino
acids and disruption of the regulatory function of troponins, phenotypically manifested in
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the form of various contractile dysfunctions and
cardiomyopathies.®>® The etiopathogenesis and clinical mani-
festations of such disorders are described in sufficient detail in
several review papers.®

The amino acid composition of the two proteins
included in the troponin complex (cTnl and cTnT) of the
cardiac muscle differs from the amino acid composition of
these proteins localized in the troponin complex of skeletal
muscle, while the amino acid composition of ¢TnC and
skeletal troponin C are completely identical.'**

The main site of localization of cardiac-specific tropo-
nin proteins (cTnl, ¢TnT) is the myocardium, which
allows their use as specific biomarkers for identification
of cardiac muscle alteration."*!° However, there are
a number of studies that refute the absolute cardiospecifi-
city of ¢cTnl and c¢TnT. According to some reports, cTnl
and cTnT expression has been found in skeletal muscle

=13 a5 well as in

11,14-16
’ In

tissue in chronic renal failure (CRF),
a number of hereditary and acquired myopathies.
addition, there are works reporting on the Tnl and cTnT
expression in the tunica media of the vena cava and
pulmonary veins.'”"'® However, the data on the existence
of extracardiac expressions for c¢Tnl and cTnT are
contradictory.'”?° For example, in a recent study pub-
lished in the Journal of the American College of
Cardiology, researchers found no trace of ¢Tnl and cTnT
expression in the skeletal muscles of patients with conge-
nital and acquired skeletal myopathies and no obvious
signs of cardiovascular disease (CVD).”° At the same
time, cTnl and cTnT levels were increased in % of the
examined patients, respectively. According to the authors,
the most probable reason for the increase in c¢Tnl and
cTnT, in this case, was cross-reactions of diagnostic anti-
cTnl and anti-cTnT antibodies with skeletal troponins
released from damaged muscle fibers.”’ Another possible
cause of cTnl and cTnT increase in hereditary myopathies
may be mutations of these proteins, affecting those parts of
the molecule against which the diagnostic antibodies are
directed. This will lead to a change in the antigen—anti-
body interaction, which is a fundamentally important stage
in all immunochemical detection methods for the exam-
ined analytes.

According to biochemical studies of myocardial sam-
ples, the total content of cTnl and ¢TnT in human myo-
cardium is about 4.0-6.0 mg and 10.0-11.0 mg per 1 g wet
weight of tissue, respectively.”’ 2> The largest part of
troponins (about 95%) of this total amount is located in
the troponin complex, and is responsible for myocardial

contractility. And a much smaller part of troponins (about
5%) is freely localized in the cytoplasm of cardiomyocytes
without taking part in the regulation of contraction and
relaxation in the myocardium.>*'® The functional signifi-
cance of this fraction has not been established; however, in
terms of clinical biochemistry and laboratory diagnosis, it
plays an important role in the early identification of many
pathological conditions accompanied by cardiac muscle
damage, including acute myocardial infarction
(AMI)."***2° This is due to the fact that these cytoplas-
mic proteins are released into the extracellular space much
earlier than from the troponin complex, whose degradation
rate takes longer.”>*® The mechanisms of ¢Tnl and ¢TnT
release in the early stages of many pathological conditions
may be associated with an increase in cell membrane
permeability and/or intracellular cleavage of cTnl and
c¢TnT molecules into smaller fragments that can freely
through  the 24.27.28

Establishing the exact mechanisms of damage and release

pass intact cell ~membrane.

of ¢Tnl and ¢TnT will be important for optimizing labora-
tory diagnosis of many pathological conditions that cause
damage to the cardiac muscle.

Cardiac-Specific Troponins (cTnl and
cTnT) as Laboratory Biomarkers of
Myocardial Injury: Practical Application
Possibilities

Among all currently known laboratory biomarkers of
AMI’10,24,29—31

demanded ones in clinical practice; however, they are not

cardiac troponins remain the most
devoid of several disadvantages, among which the follow-
ing ones are worth mentioning: 1) relatively late time of
establishing the fact of cardiomyocyte damage or death, 2)
insufficient specificity in relation to ischemic necrosis of
cardiomyocytes in AMI, and this is manifested by the fact
that at the early stages of examination it is almost impos-
sible to establish the cause and mechanism of cardiac
muscle damage, which is key to making a correct diag-
nosis, 3) lack of standardization of existing methods of
determination, which is expressed by the fact that diag-
nostic tests of different manufacturers, having different
analytical characteristics, give different results in samples
received from the same patient, and in some cases, in
particular during transportation or transfer of patients to
another hospital, that does not allow to assess dynamic

changes of ¢Tnl and cTnT levels.
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Due to the fact that any myocardial cell damage, even
reversible, can be accompanied by an increase in ¢Tnl and
¢TnT serum concentrations, these biomarkers cannot be
considered specific biomarkers of ischemic myocardial
damage characteristic of AMI and when making this diag-
nosis, should not be relied on laboratory diagnostic data
only. 2283235 To make a correct diagnosis, in addition to
the laboratory diagnostic criteria, clinicians must necessarily
consider the clinical picture, electrocardiogram and echocar-
diogram data; otherwise, the risk of misdiagnosis and incor-
rect treatment, which can cause harm to the patient,
increases significantly.>® Thus, ¢Tnl and ¢TnT can be con-
sidered as specific biomarkers of any myocardial damage,
but cannot be considered specific for any particular type of
damage or pathological condition affecting myocardial tis-
sue. As an exception to this rule, a group of causes of false-
positive increases in cTnl and cTnT can be noted, which
includes cross-reactions of diagnostic anti-cTnl and anti-
c¢TnT antibodies with skeletal troponins, the influence of
heterophilic antibodies, alkaline phosphatase, biotin, hemo-
lysis, ictericity and lipemia.>**® In general, the main reasons
for the increase in cTnl and c¢TnT, which are not directly
related to AMI, can be divided into three groups (Figure 1).

In some cases, even the combination of additional
electrocardiogram data indicating ischemia and the rise in
cTnl and cTnT levels characteristic of AMI cannot guar-
antee a correct diagnosis. Some of the results of clinical
studies and descriptions of clinical cases are striking exam-
ples of the above.*>*”*° Since many patients with atrial
fibrillation and supraventricular tachycardia (SVT) develop
symptoms of chest pain, and the electrocardiographic

picture and dynamics of the increase in the concentration
of cTnl and c¢TnT are also similar to the dynamics of
cardiac troponin levels in AMI, such patients are often
mistakenly diagnosed with AMI and prescribed inappropri-
ate treatment with antiplatelet and thrombolytic drugs. Xue
et al describe 2 cases in which patients with SVT were
misdiagnosed with AMI. Both patients had elevated cTnl
on admission with complaints of chest pain (0.09 and 0.16
ng/mL, respectively, with a norm of 0.08). A few hours
after hospitalization, there was an even more significant
increase in troponin I concentration to 0.52 and 2.28,
respectively, which resulted in the patients being wrongly
diagnosed with AMI and prescribed corresponding treat-
ment, which nevertheless did not improve the patients’
condition. Within several days after hospitalization, the
patients underwent coronarography, which did not reveal
any signs of coronary artery obstruction.®” Thus, in some
cases, only coronary angiography allows for differential
diagnosis and excludes signs of coronary artery disease in
patients with SVT.

In some cases, even the increase in cardiac troponins at
physical load can complicate the differential diagnosis and
lead to overdiagnosis of AMI. For example, Manjunath
described a case of elevated troponin I (0.123 ng/mL with
a normal value of <0.055 ng/mL) in a young patient
admitted to the emergency department with chest discom-
fort. Based on these data, clinicians suspected AMI.
Additionally, unfavorable family history and lipid profile
(significant increase of total cholesterol and low-density
lipoproteins) were indicative of AMI. At the same time,
ECG, Echo-CG and coronarography showed no signs of

Three groups of possible causes of increased cardiac troponin concentrations that are not associated with
acute myocardial infarction
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Figure | Main groups of causes of increased cTnl and cTnT that are not associated with AMI, according to
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ischemia. Subsequently, careful history taking revealed
that the young man was actively engaged in sports and
ran several miles on the eve of admission, preparing for
a marathon.®® More information on the prevalence,
mechanisms, as well as problems and difficulties of differ-
ential diagnosis in various pathological conditions, includ-
ing acute aortic dissection, pulmonary embolism, sepsis,
CRF and a number of others is summarized in a review by
Long et al.*”> Misinterpretation of elevated cardiac tropo-
nin levels in some conditions may, for example, result in
prescription of anticoagulant or antiplatelet therapy in
patients with acute aortic dissection and lead to disastrous
consequences for such patients. Several studies have also
described erroneous diagnoses of AMI due to false-
positive causes of the increase, in particular, under the
influence of heterophilic antibodies®® and alkaline
phosphatase*”

Besides, in the early stages of patients’ admission,
elevated levels of ¢cTnl and cTnT do not allow differ-
entiating the types of myocardial damage, in particular,
distinguishing reversible damage, in which complex
therapeutic measures should not be carried out, from
irreversible damage, in which therapy should be started
as soon as possible. This is due to the fact that in the
early stages of myocardial damage (regardless of
whether it is reversible or not), the concentration of
troponins is low (the degree of excess relative to the
values of the 99th percentile can be up to 5 times) and
may be associated with the release of c¢Tnl and ¢TnT
molecules that make up the cytosolic fraction.*! The
degree of c¢Tnl and cTnT increase during psychoemo-
tional stress is lower than during severe physical activ-
ity, such as marathon running, which is caused by less
damaging effect on cardiomyocytes.*?

As to reversible cardiac muscle damage, it can be noted
that cardiomyocytes can be damaged in many physiologi-
cal (physical load, psychoemotional stresses) and initial

stages of pathological conditions, such as myocarditis,*>***

4547 CRF 48-50
b

sepsis, cardiac rhythm disorders (atrial

375153 pa.

fibrillation and supraventricular tachycardia),
motherapy treatment of cancer’* and some other condi-
tions not associated with AMI provided that the damaging
factor is eliminated.”’ > This circumstance has both
a negative value, creating additional difficulties for physi-
cians and complicating the differential diagnosis of AMI
from these nosologies, and an important positive value,
allowing the use of ¢Tnl and cTnT molecules for diagnos-

tic and prognostic purposes in these conditions.

However, for the time being, the potential for such use
of cTnl and cTnT is limited by a number of circumstances,
including 1) insufficient knowledge on and understanding
of the specific mechanisms of damage and subsequent
increase in c¢Tnl and cTnT in these physiological and
pathological conditions, 2) little specific or almost similar
dynamics (kinetics) of ¢Tnl and cTnT concentration in
AMI and a number of non-AIM-related pathological con-
ditions that damage the myocardium.

Analyzing the mechanisms of damage and increase in
c¢Tnl and cTnT levels according to the results of clinical
and experimental studies leads to a conclusion that they
are multiple and complex in nature. For example, in sepsis,
alteration of cardiomyocytes is possible due to direct
effects of
cytokines.*> Another mechanism of myocardial damage

damaging inflammatory mediators and
in sepsis is the imbalance between myocardial oxygen
demand and oxygen delivery, which can occur even in
absolutely intact coronary arteries and is somewhat similar

to the mechanisms of type 2 AMI*¢

As a result, sepsis is
often accompanied by severe tachycardia, in which cardi-
omyocytes need much more oxygen and energy substrates
(glucose, free fatty acids, lactate) to generate ATP energy
in cardiomyocytes to ensure optimal life; however, the
delivery capacity remains the same, which cannot fully
meet the increased demand. Under such conditions, it is
likely that intracellular acidosis is gradually formed due to
transition of myocardium to anaerobic metabolism, which
leads to activation of apoptotic enzymes (caspases), caus-
ing proteolysis of protein troponin molecules into smaller
fragments and their exit from cardiomyocytes and addi-
tionally, damage of protein-lipid components of cell mem-
brane is possible, which will increase its throughput in
relation to small fragments of ¢cTnl and ¢cTnT. Another
mechanism responsible for the growth of ¢Tnl and c¢TnT
may be a decrease in their elimination from the blood due
to a sharp drop in blood pressure and renal filtration. This
mechanism may be supported by a correlation between
troponin levels and the CRF marker (creatinine) in patients
with sepsis.*’>> As for CRF, the mechanisms for increas-
ing are also multiple and highly debatable According to
some data, a decrease in renal filtration may be
a responsible mechanism for the increase in troponins,
which will lead to the accumulation of ¢Tnl and c¢TnT
molecules in serum. Thus, according to the study, more
than half of the examined patients without clear signs of
CVD had elevated cTnT concentrations, and patients with
lower glomerular filtration rate (GFR) had higher c¢TnT
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levels than patients with higher GFR.*® The results of this
study also confirm the dependence of serum levels of
cardiac-specific troponins on the functional state of the
kidneys, which can be suppressed in sepsis and, by
a similar mechanism, lead to an increase in serum levels
of ¢cTnl and cTnT. Another mechanism responsible for the
growth of troponins in CRF may be the adverse effect of
accumulated toxic metabolic products that have a direct
cytotoxic effect on the myocardium.*****>° In addition, in
conditions of chronic renal failure, the volume of circulat-
ing blood may increase, leading to a proportional increase
in blood pressure and myocardial load. The latter circum-
stance will trigger a number of intracellular signaling path-
ways, leading to activation of enzymes (caspases, matrix
metalloproteinases, calpain), causing splitting of mole-
cules into small fragments inside the cell and their release
outside.’®”® Finally, another mechanism underlying the
increase in ¢Tnl and cTnT may be the activation of the
expression of these molecules in skeletal muscle tissues in
CRF, which was discovered by Ricchiuti and Apple.'’

As noted above, under physiological conditions, for
example, prolonged exertion, psychoemotional stress or
transient episodes of ischemia, cardiomyocytes are
damaged, as a rule, insignificantly and the nature of the
damage itself is reversible. The serum concentrations of
c¢Tnl and c¢TnT are probably formed by only those tropo-
nins that are freely located in the cardiomyocyte and the
troponin complex is not affected and that is why the
degree of cTnl and ¢TnT increase is much less significant
than in other pathological processes. The release of cyto-
plasmic molecules cTnl and ¢TnT is probably associated
with the development of transient ischemia due to the
imbalance between oxygen demand and oxygen delivery
with increasing demand. The main argument in favor of
the fact that damage to cardiomyocytes is reversible is the
kinetics of troponin levels: for example, in myocardial
infarction, the duration of the circulation of troponin pro-
teins is 1-2 weeks, while even with excessive physical
exertion, it averages 1-2 and no more than 3 days, after
which it returns to normal with no consequences.*!
The second argument in favor of the reversibility of myo-
cardial damage is the data of magnetic resonance imaging
(MRI) with gadolinium-based contrasts. This method, in
accordance with the modern development of science, is
ideal for visualizing inflammation and myocardial fibrosis.
R. O’Hanlon et al visualized myocardial tissue of 17
athletes (11 of them had elevated levels of hs-cTnl) by
MRI and found no signs of necrosclerotic changes.’’

Some New Data on Troponin
Biochemistry and Diagnostic
Capabilities of High-Sensitivity
Troponin Assays

The development and introduction of high-sensitivity tro-
ponin (hs-cTnl and hs-cTnT) determination methods in
2007-2010 XXI century has significantly changed many
of our ideas about cardiac troponin biochemistry and
expanded diagnostic capabilities for the use of these bio-
markers in practical medicine. For example, hs-cTnl and
hs-cTnT were detected in almost all absolutely healthy
patients using these methods of determination, which
allows to consider hs-cTnl and hs-cTnT molecules as
products of normal myocardial metabolism;***° however,
it is true only if hs-cTnl and hs-cTnT levels do not exceed
the 99th percentile, the currently accepted upper reference
limit, corresponding to the concentration of cardiac tropo-
nin molecules detected in 99% of truly healthy individuals,
with only 1% of truly healthy individuals having elevated
values. Previously, cardiac troponin molecules were con-
sidered only as strictly intracellular compounds, the detec-
tion of which in blood was considered a key criterion for
AML%

Gender, age and circadian features provide quite
remarkable information obtained by highly sensitive meth-
ods about the troponin biology.®' With regard to gender
characteristics, it was found that the level of cardiac-
specific troponins in men is higher than in women, which
is recommended to be used to determine the values of 99th
percentile in modern diagnostic algorithms for the diag-
nosis of AMI.®>"%* The higher level of cardiac troponins in
men is explained by the fact that they have a larger left
ventricular mass than women.®> > Age-related features of
troponin levels are that the older patients have higher
concentrations than younger ones. It is suggested that
this may be related to the comorbidity, which can nega-
tively affect cardiomyocytes.>*>*%>¢ In accordance with
the recently discovered circadian features of hs-cTnl and
hs-cTnT levels, it was shown that the values of the latter
are slightly higher in the morning hours compared to the
evening both in healthy patients®” *® and in patients with
CRFE.”® It is noteworthy that circadian fluctuations of hs-
c¢TnT concentrations are much more pronounced in
patients with comorbid pathologies, in particular CRF
and diabetes mellitus, than in healthy patients.®’
According to some reports, circadian rhythms may have
a potential impact on the accuracy of early diagnosis of
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AMI and screening for CVD.*® For example, hs-cTnl and
hs-cTnT levels that naturally change throughout the day
can be erroneously interpreted as diagnostically significant
abnormalities. In one clinical case described by van der
Linden,”® the diagnostically significant influence of circa-
dian rhythms on the early diagnosis of AMI was demon-
strated using diagnostic algorithms developed by the
European Society of Cardiology.*%*¢"!

The exact mechanisms for the formation of circadian
features in cardiac troponin concentrations have not been
established, but it can be assumed that it is associated with
circadian features of other human systems that, to varying
degrees, adversely affect the cardiovascular system (CVS).
Sympathoadrenal, renin-angiotensin-aldosterone, hypotha-
lamic-pituitary-thyroid systems, and hemostasis system
components are among such adverse factors affecting the
cardiovascular system. The increased activity of these
systems in the morning is necessary for a healthy person
to maintain the optimal period of wakefulness; however,
these systems can have an additional adverse effect on the
state of the CVS both in normal and in pathological
conditions.**”" For example, according to several studies,
the size of the necrosis zone and the levels of cardiomar-
kers also have similar circadian features, exhibiting max-

imum values in the morning.”>"

It is also quite
remarkable that the peak activity of the above systems
practically coincides with the peak levels of cardiac tro-
ponins in the morning, which is further evidence in favor
of the mechanisms of this formation of hs-cTnl and hs-
c¢TnT circadian rhythms.

The sensitivity of hs-cTnl and hs-cTnT proved to be so
high that it allowed to change our understanding of the
ways and mechanisms of elimination of cardiac troponin
molecules and to open up opportunities for studying hs-
cTnl and hs-cTnT in biological fluids that can be obtained
non-invasively, which is important and a promising advan-
tage. For example, in earlier studies, cTnl and ¢cTnT mole-
cules were not detected by standard moderately sensitive
methods in urine, which led to the assumption that cTnl
and c¢TnT are too large compounds and cannot be elimi-
nated through the renal filter.”*’> However, in a recent
study using high-sensitivity immunoassays, hs-TnT was
detected in the morning urine of all subjects, and hs-TnT
levels were significantly higher in the urine of hyperten-
sive patients than in those with normal blood pressure.”®
Thus, it can be concluded that the concentrations of tro-
ponins in urine are rather small and cannot be detected by
moderately sensitive tests, but with the use of highly

sensitive methods, this may in the future become a new
valuable diagnostic approach. In addition to urine, oral
fluid is also planned to be used for non-invasive
diagnostics.”””° The following can be noted as the advan-
tages of non-invasive determination: 1) obtaining the bio-
material from patients is atraumatic and painless, and does
not lead to anemisation of patients during repeated sam-
pling of biomaterial for research, 2) the risk of bloodborne
diseases (HIV, viral hepatitis, etc.) is reduced, 3) no trained
medical personnel are required to obtain biological sam-
ples and the biomaterial can be sampled by the patient
himself at home. And with the development of portable
dry chemistry tests, the idea of which was proposed by
Potkonjak et al,*® it is now possible to conduct such tests
outside the laboratory (at home, in the emergency medical
care, and at the patient’s bedside).

A Brief Historical Background on the

Development of Troponin Immunoassays
A large number of methods based on different principles
of determination of analytes have been developed to date
for the quantitative and qualitative determination of ¢Tnl
and ¢TnT. Immunochemical methods (enzyme immunoas-
say, radioimmune assay, immunofluorescence assay, and
immunochemiluminescence assay) are among the most
frequently used and reliable methods in clinical practice.
Several successive stages can be distinguished on the basis
of their analytical determination: immunological, chemi-
cal, and the stage of detection. The first (immunological)
phase is identical for all immunochemical methods and
consists in a specific interaction of diagnostic anti-cTnl or
anti-cTnT antibodies with the antigen, which in this case is
the molecule sought — c¢Tnl or cTnT, respectively.
The second stage of immunochemical methods is different.
At this stage, an additional immunological reaction occurs
with antibodies directed against the first diagnostic anti-
cTnl or anti-cTnT antibodies and the formation of
a sandwich-type complex, or a chemical (enzymatic) reac-
tion takes place. In the third stage, the received signal is
registered. Depending on the antibody label used, the
methods for detecting the generated signal also differ: in
the case of enzyme-linked immunosorbent assay, the color
intensity is assessed using a photometer/spectrophot-
ometer; in the case of radioimmunoassay, where radio-
isotopes (radionuclides) are used as a label, it is
evaluated with a radiometer (radio spectrometer), and in
the case of using fluorophores, the signal is recorded on
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a fluorometer. The strength of the generated signal is
directly proportional to the number of analyte molecules,
which allows accurate quantification of c¢Tnl and c¢TnT
concentrations by the calibration curve. The result of
a laboratory study of troponin levels is expressed in sev-
eral different units, among which the most commonly used
are ng/mL, ng/L, ug/L (quantitative methods of determina-
tion), or a visual assessment of the number of stripes
formed and/or the degree of their staining is carried out,
which is typical for qualitative and semi-quantitative
methods for determining cTnl and cTnT (diagnostic test
strips), often used at the patient’s bedside or during trans-
port in the ambulance to obtain preliminary results.

Due to the development of protein analysis methods,
the cardiospecificity of ¢Tnl and cTnT molecules was
proved, and the main efforts of researchers were aimed
at creating methods for the identification of these com-
pounds, since the enzymes (aspartate aminotransferase,
lactate dehydrogenase, creatine phosphokinase) used then
were of low efficiency with regard to AMI diagnosis.®'**
Some of the earliest immunoassay methods for ¢Tnl and
c¢TnT determination appeared almost 35 years ago and
gradually improved their analytical characteristics and, as
a consequence, their diagnostic capabilities as they
approached the present time.

The very first method for determining c¢Tnl in serum,
based on radioimmunoassay, was developed in 1987. It
had a detection limit (minimum detectable concentration)
of about 10 pg/L (10,000 ng/L) and the analysis time was
extremely slow — about 1-2 days. Due to such a low
sensitivity and duration of the study, the time for detecting
diagnostically significant concentrations of troponin in the
blood was late and this method could only detect extensive
myocardial infarction; therefore, cTnl was significantly
inferior to the creatine kinase-MB (CK-MB) enzyme,
which was actively used at that time and considered the
“gold standard” for diagnosis of AML®*® A few years later,
Katus et al presented the first fully automated enzyme-
linked immunosorbent assay (ELISA) for cTnT determina-
tion, which had a detection limit of about 100 ng/L and
took only 90 minutes to run, which was a real break-
through at its time. According to the results of clinical
studies, peak c¢TnT concentrations correlated with peak
CK-MB levels in patients with AMI. This immunoassay,
also referred to as the “first generation assay”, was still
somewhat inferior to some standard biomarkers, including
the CK-MB, used at that time for AMI diagnosis.®**
However, this method had a significant disadvantage

consisting in cross-reactivity of diagnostic antibodies
with troponin isoforms characteristic of skeletal muscles
and high percentage of positive results in skeletal muscle
diseases (myopathies) and heavy physical exertion (during
marathon running); another disadvantage was still low
sensitivity.'“***> The second-generation methods were
characterized by higher specificity and sensitivity, which
was expressed in the reduction of cross-reactivity with
skeletal troponins and possibilities of earlier diagnosis of
AMI (on average, 6-12 h after its development), due to
which cTnT has finally surpassed all other biomarkers
available at that time, including CK-MB. In 2000, in
a joint document of European and American Cardiology
Societies, experts recommended to use cTnT for AMI
diagnosis in routine clinical practice.®? Subsequent
improvement of cTnT determination methods resulting in
the creation of “third” and “fourth generation” immunoas-
says has almost completely eliminated cross-reactivity of
diagnostic antibodies with skeletal troponins, as well as
improved some analytical characteristics, including the
detection limit (minimum detectable concentration). In
addition, the assay time was almost halved and the advan-
tage in the diagnosis of AMI was finally passed from CK-
MB to ¢TnT.*' Low sensitivity and a prolonged average
time required for accurate laboratory diagnosis of AMI
(detection of diagnostically significant levels of cardiac
blood) still
a disadvantage of such moderately sensitive methods;

troponins in  the were considered
therefore, work on improving the methods, in particular,
increasing their sensitivity, continued. On average, it took
about 6—12 hours from the moment of the development of
the clinical picture of AMI for the final laboratory con-
firmation of the diagnosis.®® The first reports on high-
sensitivity assays (hs-cTnT from Roche Diagnostics)
referred to as “fifth generation” immunoassays, appeared
in 2007-2010. They had a detection limit of 1-10 ng/L,
which was about tens and hundreds of times higher than
the detection limits of moderately sensitive third- and
fourth-generation methods and thousands of times higher
than prototypes of 30 years ago, and the time required for
testing was only 20-30 min.*”"®

Immunoassays for cTnl detection have undergone
almost a similar evolution since the first prototype was
developed by Cummins in 1987. A few years later, in
1992, an enzyme-linked immunosorbent assay was devel-
oped, the main components of which were enzyme-labeled
monoclonal antibodies directed against antigenic determi-
nants (epitopes) of the cTnl molecule. The detection limit
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(minimum detectable concentration) of this method of
determination was 1900 ng/L, and the time to perform
a laboratory test was about 3.5 hours.”®! In contrast to
c¢TnT determination methods existing at that time, this
assay was highly specific for detection of myocardial
damage, and false-positive results in skeletal muscle dis-
eases (myopathies), CRF and heavy physical exertion
(marathon running) were practically not observed, while
for cTnT methods this was a big problem. It is very likely
that the emergence of dubious hypotheses about the pre-
sence of cTnT expression outside the myocardium, in

particular in skeletal muscles,'' '

is partly due to the
use of such low-specific immunoassays. Over the past 25
years, several dozen immunoassays with various combina-
tions of diagnostic antibodies directed against different
antigenic determinants of the cTnl molecule have been
developed. To date, there are more than 30 commercially
available tests for the determination of cTnl. The available
methods range from older, less sensitive models to mod-
ern, high- and ultrasensitive immunoassay methods. Due
to the heterogeneity of cTnl assay methods, quantitative
results obtained for the same patient using different meth-
ods and on different analyzers (devices) do not coincide.
Standardization of c¢Tnl determination methods based on
different platforms remains a challenge and is one of the
main problems.”’ Thus, if it becomes necessary to trans-
port a patient to another hospital where a different method
of determination is used, the results of ¢Tnl concentration
may not correlate, so they cannot be evaluated over time
and require additional studies accompanied by economic
and time costs.

Among the most well-known and frequently used high-
sensitivity immunoassays approved by the International
Federation of Clinical Chemistry (IFCC) are the high-
sensitivity tests of the following companies: Abbott
(USA), Beckman Coulter (USA), bioMerieux (France),
LSI Medience Corporation (Japan), Roche Diagnostics
(Switzerland),  Ortho-Clinical (USA),
Siemens Healthineers (Germany), Singulex (USA).%>%

Diagnostics

Among them, only Roche produces immunochemical test
kits for hs-TnT determination, while all others produce
kits for hs-Tnl. Thus, the most important advantage of
using hs-TnT is the standardization of research results.
A major disadvantage of hs-Tnl immunochemical test
kits is the lack of standardization, which is manifested by
a strong difference in the results of test of the blood serum
of the same patient obtained with commercial kits, and
certain concentrations may differ by more than 5-10

times.”” This is primarily due to the fact that different anti-
hs-Tnl antibodies directed to different antigenic determi-
nants of the cTnl molecule are used in different kits. In
accordance with recent research results, it has been estab-
lished that ¢Tnl and c¢TnT fragments that have different
stability’*?> differ in resistance to various proteolytic

enzymes‘)6,97 48,74,76

and in elimination abilities, circulate
in the blood to a greater extent in AMI. For example, when
using antibodies directed against unstable epitopes or frag-
ments of c¢Tnl and cTnT, the results of the test may be
underestimated in comparison with those obtained using
test kits with anti-cTnl and anti-cTnT antibodies against
more stable fragments or areas of cardiac troponin mole-
cule. In addition, some epitopes of troponin molecules are
targets of autoantibodies and heterophilic antibodies,
which can lead to a large number of false positive or
false negative results when testing serum by a particular
test.”® 1% Further studies are needed to clarify the
mechanisms of the influence of various proteolytic
enzymes that cause the cleavage of cTnl and cTnT

9497 and the mechanisms of interference of het-

molecules
erophilic antibodies, which will help to develop measures
eliminating this effect and will contribute to improving the
quality and standardization of immunochemical methods

of determination.

High-Sensitivity Troponin Assays:
Prevalence, Analytical Characteristics,

Criteria, Classification

By now, many health care institutions have switched to
IFCC-approved high-sensitivity ¢Tnl and c¢TnT assays.
Anand et al recently conducted an assessment of the global
prevalence of use of high-sensitivity tests and implemen-
tation of the key recommendations of the Universal
Definition of Myocardial Infarction (2018) for the use of
hs-cTnl and hs-cTnT. The researchers surveyed practi-
tioners from 1902 medical centers in 23 countries on 5
continents. According to the results of the study, it turned
out that cardiac troponins are used as the main diagnostic
marker of AMI in 96% of institutions. While, only 41% of
medical centers used high-sensitivity assays, with a wide
range from 7% in North America to 60% in Europe.
Institutions practicing hs-cTnl and hs-cTnT, usually
applied the strategy of serial measurements of the hs-
c¢Tnl and hs-cTnT concentrations in the early hours of
the patient’s admission (0—3 hours) and used manufac-
turer’s recommended values of 99th percentile upper
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reference limit; however, only 18% of doctors took into
account the gender characteristics of 99th percentile.”?

For the currently used methods for the determination of
c¢Tnl and cTnT, a number of basic analytical characteristics
are assessed that determine the diagnostic value of cardiac
troponins: 1) limit of blank (LoB) — the maximum con-
centration of an analyte that can be detected in a sample
that does not contain the analyte under study, 2) limit of
detection (LoD) or minimum detectable concentration
(MDC) — the minimum concentration of an analyte that
can be detected using the tests in use, 3) the limit of
quantitation (LoQ) or functional sensitivity - the lowest
concentration of an analyte in a test sample that can be
determined with acceptable repeatability and accuracy, 4)
99-percentile (general), 5) 99-percentile (taking into
account gender characteristics), 6) percentage of measur-
able values in healthy individuals — the number of people
(in %) with hs-cTnl and/or hs-cTnT concentration in blood
above the LoD, but not exceeding the values of the 99th
percentile, 7) coefficient of variation (CV%), 8) 99th per-
centile/LoD ratio.®*101103

Currently, there is some confusion regarding the des-
ignation of high-sensitivity immunoassays, and manufac-
turers and/or researchers often wrongly designate some
immunoassays as highly sensitive, which may lead to
incorrect interpretation of the test outcomes. In this regard,
many practitioners and researchers have a question: which
immunoassay should be considered highly sensitive? The
IFCC Task Force on Clinical Applications of Cardiac Bio-
Markers (TF-CB IFCC) proposed to designate as highly
sensitive the method that meets two criteria:®* 1) The first
criterion is CV % when establishing the values of the 99th
percentile should not exceed 10%; 2) The second criterion
is that the concentration of hs-cTnl and/or hs-cTnT must
be higher than the LoD of this analytical method in more
than 50% of healthy people, or in other words, the percen-
tage of measurable values in healthy people must be above
50. However, despite these criteria, many methods labeled
as highly sensitive do not fully meet these criteria. In
addition, all journals, manufacturers, laboratories and
institutions should use the ng/L unit to estimate hs-cTnl
hs-cTnT levels to avoid confusion and decimal points
followed by unnecessary zeros used in moderately sensi-
tive and some modern highly sensitive assays.®*

The clinical and diagnostic values of hs-TnT and hs-
Tnl determination results depend directly on the analytical
characteristics of the troponin immunoassays used, which
should be taken into account by both researchers and

practitioners (Table 1). The recommendations of the
IFCC experts should be followed while calculating the
analytical characteristics of cardiac troponin assays.® For
example, to establish 99th percentile values according to
gender, troponin should be determined in at least 300
women and 300 men. Subsequently, they can be adjusted
when new data are obtained, and ideally, each laboratory
should establish its own 99th percentile, which, in this
case, will correspond not only to the test and analyzer
used in this particular laboratory but also to the specific
features of the population in which the test is carried out.
However, given the complexity and cost of such tests, it is
acceptable to be guided by the parameters provided by the
manufacturers.*>*" Establishing the optimal values of the
99th percentile is very important and involves a number of
key questions, among which at least 2 aspects play a key
role: 1) how should healthy patients be selected for refer-
ence groups? and 2) what statistical method for calculating
the 99th percentile should be used? When discussing the
first question, it should be clear which criteria should be
used to select healthy individuals because in reality the
definition of what a healthy person is can be a matter of
debate. Also, selection of healthy individuals gives rise to
an additional question about the need to take into account
the age. Should young patients (<30 years) be selected, or
the ones of the age more likely to have AMI (50-90
years)? Possible criteria for selecting a reference popula-
tion may include the following options: A) a simple ques-
tionnaire survey without physical and/or clinical studies
and laboratory tests B) a complete physical examination,
which may include only physical and/or a complete/partial
set of laboratory tests and imaging studies (electrocardio-
graphy, echocardiography, determination of natriuretic
peptide concentration, creatinine level and other biochem-
ical and hemostasiology parameters). The second option,
including the fullest possible set of laboratory tests and
imaging studies, is ideal, but expensive. It has been shown
that the selection of the reference group of patients accord-
ing to stricter criteria shifts the 99th percentile towards

lower values, %104

which is probably caused by additional
exclusion of patients suffering from latent or hard-to-
diagnose chronic diseases that have a negative effect on
cardiomyocytes during superficial examination.

In the second question, concerning the establishment of
the 99th percentile values, it is worth mentioning the
necessity of using a unified statistical approach. For exam-
ple, it has been shown that the proposed calculation meth-

ods — nonparametric method (Harrell-Davis method) and
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Table | Analytical Characteristics of Modern High-Sensitivity
Methods Used to Determine hs-cTnl and hs-cTnT

Analytical Characteristics | Definition and Brief

of Troponin Immunoassay | Description

LoB Lowest signal generated in liquid
with zero concentration of
troponins (blank sample) - the
lower the better

LoD Value obtained in the biofluid with
the lowest concentration of

troponin - the lower the better

LoQ Minimum concentration that can be

determined with an error of <10% -

the lower the better

99-percentile (general) Troponin concentration detected in
99% of truly healthy individuals, and
only 1% of truly healthy subjects
may have false positive results,

usually for some unknown reason

99-percentile (gender-specific) | Troponin concentrations detected in
99% of healthy individuals, taking into
account gender. In men, the 99th
percentile upper reference limit is
about 1.5-2 times higher than in

women, depending on the assay used

99th percentile (age-related Additional studies are needed to

and circadian features) - (?) clarify the existence of specific
features of the hs-cTnl and hs-cTnT
concentration in biofluids,
depending on the patient’s age and

time of admission.

Cut-off value Minimum troponin concentration
for diagnosis of AMI. This indicator
is used only in moderately sensitive
tests, whereas in accelerated
algorithms using high-and
ultrasensitive tests, the level of 99th
percentile is used as a reference.

CV% Random variation of measurements
in the same sample. The smaller it

is, the more accurate the assay is.

Percentile values < the 99th Number of healthy individuals (in %)

percentile in healthy subjects with detected troponin level in blood

between the LoD and 99th percentile.

99th percentile/LoD ratio The greater the number, the higher

the sensitivity of the assay

Abbreviations: Designations. AMI, acute myocardial infarction; hs-cTnl and hs-
cTnT, high-sensitivity troponin | and T, respectively; LoB, limit of blank (false
positive); LoD, limit of detection (minimum detectable concentration); LoQ, limit
of quantitation (functional sensitivity); CV%, coefficient of variation in %.

robust statistical method — give different values of the 99th
percentile when using the same system and the same
criteria for control population selection.'® The choice of
the statistical method for calculating the 99th percentile is
still a matter of debate. These aspects have a significant
impact on the determination of the 99th percentile, and
may explain the significant variations due to different
approaches in its determination in the immunoassays of
different manufacturers.

It is also important to note that some new rapid diag-
nostic algorithms for AMI (one- and two-hours) do not
focus on the 99th percentile level as a reference diagnostic
threshold but use lower cutoff values to decide on the need
for hospitalization and/or invasive interventions. The reason
is that many patients who have hs-Tn concentrations
between the LoD (or LoQ) and the 99th percentile have
a higher risk of adverse outcomes compared to those with
minimal or no detectable values (ie, < LoD or LoQ). The
success of these strategies has been demonstrated in several
studies for rapid exclusion of acute coronary syndrome and
identification of patients at increased risk of 30-day major
adverse cardiac events.'>'1°

LoD is very important in early diagnosis of AMI. For
example, first- and second-generation immunoassay method
had LoD in the range of 100-500 ng/L due to which AMI
was diagnosed too late (12-24 h later); in some cases, small-
focal infarctions were missed and troponin was not detected
in any healthy patient (0% of measured values in the refer-
ence population). At the current stage of development of
high-sensitivity assays, LoD can be only a few ng/L and
even <l ng/L, which is hundreds of times more sensitive
and allows detecting myocardial damage almost at the level
of single cells, and the percentage of healthy people with
measurable hs-TnT and hs-Tnl values ranges from 50% to
100%."7*° For instance, Garcia-Osuna et al have recently
studied the analytical characteristics of a new method
detecting hs-Tnl at the level of single molecules. The
study showed that this method has about 10 times higher
sensitivity than other hs-Tnl methods currently in use. The
calculated LoD of this method was 0.08-0.12 ng/L, and the
percentage of healthy people with measurable hs-Tnl con-
centrations reached 99.5%. Healthy patients were selected
according to very strict criteria, including a full set of
imaging and laboratory methods (anamnesis, electrocardio-
graphy, normal levels of natriuretic peptides, creatinine,
etc.).”” It is also very interesting to note that the median hs-
cTnl was significantly higher in men compared to women
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and in the elderly compared to the young, which indicates
the need to reflect not only gender but also age-related
features in hs-cTnl levels when using this high-sensitivity
immunoassay in clinical practice. This ultrasensitive immu-
noassay is significantly superior to other existing high-
sensitivity methods.>

CV% — an important parameter that determines the
accuracy of a high-sensitivity troponin immunoassay — is
another analytical characteristic worth mentioning.
A method is considered to be highly sensitive and highly
accurate only if it meets certain [FCC requirements, ie the
average variation of the results obtained should not exceed
10% (CV% < 10%) when determining in series the hs-TnT
and hs-Tnl levels in the same sample. However, ideally,
the wvariation in high-sensitivity immunoassay values
should be as low as possible and tend to zero. However,
due to the low commercial availability of high-precision
tests, many laboratories still use troponin immunoassays
with a coefficient of variation of between 10% and 20%.
Some disadvantages of such tests may include false posi-
tive and false negative results due to the analytical side of
the immunoassay, especially when the serum hs-TnT and
hs-Tnl levels in admitted patients are at borderline values.
Tests with CV>20% are unacceptable for use in clinical
practice and should be excluded (Table 2). Finally, in
connection with the recent data, a significant improvement
in the analytical characteristics of high-sensitivity tests, in
particular a sharp decrease in LoD, made it possible to
introduce an additional, so-called “functional” classifica-
tion of methods based on a new criterion — the 99th
percentile/LoD ratio. Moreover, the lower the 99th percen-
tile/LoD ratio, the higher the probability of identifying
subjects with measurable values, ie, the test is more sensi-
tive. Hence, many researchers have introduced such terms
as extremely sensitive and ultrasensitive to refer to
immunoassays.

Some of the existing modern high-sensitivity tests
approved by the IFCC for use in clinical practice, as well
as their main analytical characteristics are summarized in
Table 3.'""! This table presents current data obtained in
a number of recent studies on the possible existence of
circadian rhythms and age-related features in hs-cTnl and
hs-cTnT content for some tests.>*3¢->%-01.67-70.1057110° A ¢
noted above, the influence of circadian and age-related
features on the diagnosis of CVD and AMI is still poorly
understood and requires further research and clarification

of specific numerical indicators.

Table 2 Analytical
Sensitivity of Highly Sensitive Methods of Cardiac Troponin

Characteristics of the Accuracy and

Detection

Coefficient of Variation (Assay Inaccuracy in %) of High-
Sensitivity Immunoassays (hs-cTnl and hs-cTnT)

CV% value Brief Description, Comment

CV% < 10 High-precision (most preferred for clinical use)

10 = CV% <20 | Non-high accuracy, but acceptable for clinical use

CV% 2 20 Inaccurate, and unacceptable for clinical use

Percentile (%) of measurable values < 99th percentile in
healthy subjects

<50 Moderately sensitive immunoassays

50-75 I'st generation high-sensitivity immunoassays

75-95 2nd generation high-sensitivity immunoassays
>95 3rd generation high-sensitivity immunoassays
99-100 4th generation high-sensitivity immunoassays

Ratio between the 99th percentile and LoD

<l Highly sensitive (clinically acceptable)
immunoassays

210 Extremely sensitive immunoassays

220 Ultra-sensitive immunoassays

Abbreviations: Designations. hs-cTnl and hs-cTnT, high-sensitivity troponin | and
T, respectively; LoD, limit of detection (minimum detectable concentration); CV %,
coefficient of variation in %.

Early Diagnostic Algorithms (0—1 h, 0-2
h, and 0-3 h) for Quick Exclusion/
Confirmation of AMI

Several effective early diagnostic algorithms for quick
exclusion/confirmation of AMI have been proposed in
accordance with the results of
studies' "> 12! (Figures 2 and 3).

large clinical

Some Directions for Future

Research

In accordance with the biochemical data outlined above
and the diagnostic capabilities of hs-cTnl and hs-cTnT,
further studies are needed to clarify information on the
biological features of cardiac troponins, in particular to
clarify information on the existence of extracardiac
expression of cardiac troponin, to clarify information on
the existence and clinical significance of age-related fea-

tures and circadian rhythms in the levels of cardiac
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Table 3 Analytical Characteristics of hs-cTnl and hs-cTnT High-Sensitivity Inmunoassays Provided by Manufacturers (as Reported by
the IFCC Committee on Clinical Applications of Cardiac Bio-Markers''' as Amended)

Company/ LoB LoD CV | 99th- 99th-Percentile Percentage of Measurable | Statistical
Platform/Method (nghl) (ng/l) % Percentile | (According to Values in the Range from | Method Used
(General Age-Related and | LoD to 99th-Percentile to Calculate
and by Circadian (General and by Gender, the 99th-
Gender), Features), £ %) Percentile
ng/l
Abbott/Alinity 1,0 1,6 4,0 General- 99 percentile (age- | General-85% Robust-
i systems/Alinity 26,2 related):+ F-78% statistics
i STAT High Sensitive F-15,6 99 percentile M-92%
Troponin-I; M-34,2 (circadian-*
commercial OUS
Abbott/ARCHITECT 0,7-1,3 11 4,0 General 99 percentile (age- | General-85% Robust-
i systems/ —26,2 related):+ F-78% statistics
ARCHITECT STAT F-15,6 99 percentile M-92
High Sensitive M-34,2 (circadian:*
Troponin-I;
commercial
Beckman Coulter/ 0,0-1,7 1,0-2,3 3,7 General 99 percentile (age- | > 50 Non-
Access 2, DxI/Access -17,5 related):- Parametric
hsTnl; commercial — F-11,6 99 percentile
Ous M-19,8 (circadian:-
Beckman Coulter/ 0,0-0,8 1,0-2,0 6,0 General 99 percentile (age- | > 50 Non-
Access 2, /Access -18,2 related):- Parametric
hsTnl; commercial — F-11,8 99 percentile
US: Serum M-19,7 (circadian:-
LSI Medience Not | <6 General 99 percentile (age- | General-76 Non-
(formerly Mitsubishi) provided —15,48 related):- Parametric
PATHFAST hs-cTnl; F-16,91 99 percentile
commercial M-11,46 (circadian:-
LSI Medience (former | 1,23 2,33 6,1 General- 99 percentile (age- | General-66.3 Non-
Mitsubishi) PATHFAST 27,9 related):- F-52,8 Parametric
hs-cTnl /PATHFAST F-20,3 99 percentile M-78,8
cTnl-ll M-29,7 (circadian:-
Ortho/VITROS/ 0,14-0,51 | 0,39-0,86 | <I0 | General- 99 percentile (age- > 50 Non-
hsTroponin I; 11,0 related):- Parametric
commercial F-9,0 99 percentile
M-12,0 (circadian:-
Roche/cobas €801/ 2,5 3 <10 | General- 99 percentile (age- | General-57,4 Non-
cTnT-hs 18-min and 14,0 related):- Parametric
STAT; commercial F-9,0 99 percentile
M-16,0 (circadian:+
Roche/cobas €601, 1,36 2,05 <10 | General- 99 percentile (age- | General-71,5 Non-
€602, EI70/cTnT-hs 14,0 related):+ Parametric
18-min; commercial F-9,0 99 percentile
M-16,0 (circadian:+
(Continued)
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Table 3 (Continued).
Company/ LoB LoD CV | 99th- 99th-Percentile Percentage of Measurable | Statistical
Platform/Method (ngll) (ngll) % Percentile | (According to Values in the Range from | Method Used
(General Age-Related and | LoD to 99th-Percentile to Calculate
and by Circadian (General and by Gender, the 99th-
Gender), Features), £ %) Percentile
ng/l
Siemens ADVIA 0,50 1,6 <49 | General- 99 percentile (age- General-72,0 Non-
Centaur XP/ XPT 46,5 related):+ F-57,0 Parametric
HighSensitivity Tnl F-39,6 99 percentile M-86,0
(TNIH), US & OUS; M-58,0 (circadian:-
commercial
Siemens Dimension 1,0 2,0 <5 General- 99 percentile (age- General-72,0 Non-
VISTA High Sensitivity 58,9 related):- F-not provided Parametric
Tnl (TNIH), OUS; F-53,7 99 percentile M-not provided
commercial M-78,5 (circadian:-
Singulex Clarity cTnl; 0,02 0,08 2,39 | General- 99 percentile (age- | General-99 Non-
commercial 8,67 related):+ F-99 Parametric
F-8,76 99 percentile M-100
M-9,23 (circadian:-
Notes: Designation in the 99th percentile column (according to age-related and circadian features), + present, “+\-” — doubtful (data are contradictory), “-” — absent or not
studied.

Abbreviations: Designations. hs-cTnl and hs-cTnT, high-sensitivity troponin | and T, respectively; M, men; F, female; LoB, limit of blank (false positive); LoD, limit of
detection (minimum detectable concentration); LoQ, limit of quantitation (functional sensitivity); CV %, coefficient of variation in %.

troponins, to study the processes of intra- and extracellular
molecule cleavage and the influence of various factors on
them, in particular the components of hemostasis system,”®
the degree of ischemia,’ the activity of adrenergic

2
system .97

and some others. Understanding these peculia-
rities will help to improve immunochemical methods of
hs-cTnl and hs-cTnT detection, for example, by introdu-
cing additional reagents in tests that inhibit certain
enzymes that cause cleavage of the troponin proteins
being determined. And consideration of circadian and age-
related features in the serum content of hs-cTnl and hs-
c¢TnT will optimize the early diagnosis of AMI and screen-
ing patients for CVD, taking into account the patient’s age
and time of admission.

The study of hs-cTnl and hs-cTnT molecules in bio-
fluids obtained by non-invasive methods, in particular, in
urine and oral fluid has very promising possibilities.”®
However, the existing studies are still insufficient to fully
understand their practical significance for the laboratory
diagnosis of CVD and there is an urgent need for further
research.

Finally, it becomes obvious that the diagnostic value of
hs-cTnl and hs-cTnT goes far beyond the diagnosis of
AMI. Recent studies have shown that hs-cTnl and hs-

cTnT can be a valuable tool for detection of myocardial

damage in healthy patients in the early stages of CVD

122,123

formation, as well as in patients suffering from

list of nosologies,
43,44,124

a very extensive including

sepsis,***7>> myocarditis,

125

chronic obstructive pul-
monary disease, -~ recently appeared and already recog-
nized as one of the most common viral infections —
COVID-19'%° and other conditions (for more detailed list
of conditions see Figure 1), thus having some prognostic
value, which may allow to identify patients who need
a more thorough examination and implementation of
a set of preventive and therapeutic measures to improve

the duration and quality of their lives.

Conclusion

The introduction of highly sensitive methods for the deter-
mination of cardiac troponins (hs-cTnl and hs-cTnT) has
significantly changed our understanding of the biology and
diagnostic capabilities of these laboratory biomarkers. For
the most effective use of hs-cTnl and hs-cTnT, the basic
analytical characteristics of high-sensitivity assays should
be considered, including limit of blank, limit of detection
(minimum detectable concentration), coefficient of variation,
general and gender-specific 99th percentile, 99th percentile/
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Admission of a patient with chest pain (possible AMI)

hs-cTnl or hs=<TnT At the first determination. hs- Oither At the first determination, the hs-¢Tnl or
fevel less than cTnl or his-¢TnT is less than (questionable hs-¢TnT level is greater than or equal to
A value on initial B value and the troponin and D value or the troponin concentration
determination (on concentration increase in 1 or barderline) increase in | or 2 hours is greater than or
admission) 2 hours is less than € value values equal to E value

Follow-up of

Diagnosis of AMI ﬂ':"'?f:_"t Diagnosis of AMI is
is excluded examination confirmed
after 3 hours
Target hs-cTnl and hs-cTnT values for various tests, ng/'L
Repeated A B C D E
determination  of
serum  biomarker
levels after 1 hour
hs<TnT (Roche 5 12 3 52 5
Diapgnostics)
hs-cTnl (Beckman 4 5 4 50 15
Coulter)
hs-cTul (Abbot) 4 5 2 64 -]
Repeated
determination  of
serum  biomarker
levels after 2 hours
hs-eTnT (Roche 5 14 4 52 10
Diapnostics)
hs¢Tnl (Beckman 4 5 5 50 15
| Coulter)
hs-cTnl (Abbot) 4 6 2 64 15

Figure 2 Early diagnostic algorithms 0—I h and 0-2 h for exclusion/confirmation of AMI by hs-cTnl and hs-cTnT levels for some tests.

Notes: If it is not possible to confirm/exclude AMI after two studies in dynamics (0—1 or 0-2 hours), it is recommended to conduct additional studies of hs-cTnl and hs-

cTnT levels after 3 and/or 6 hours.

Admission of a patient with chest pain (possible AMI)

Concentration of hs-cTnl or hs-cTnT is less the Coneentration of hs-cTnl or hs-cTnT is above the 99th percentile of
99th percentile of the given test the given test
Time since onset of Time since onset of
typical AMI pain is typical AMI pain is
areater than & hours less than & hours

&

Redetermination of serum biomarker levels after 3 hours

4

Coneentration of hs- The concentration changes are  quile Concentration of hs-cTnl or hs-
eTnl or hs-¢TnT in pronounced (the degree of nerease depends «TnT in serum did not change
serum did not change on the dererminati hod. ) 1
Diagnosis of AMI Diagnosis of AMI is ﬁ‘::’“‘"‘]"::::m"gu’
is excluded confirmed cardiomyocyte damage

Figure 3 Early diagnostic algorithm 0-3 h to exclude/confirm AMI by hs-cTnl and hs-cTnT levels.
Notes: 99th percentile value depends on the method of determination (manufacturer).
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limit of detection ratio. The need to take into account the 99th

percentile with consideration of age-related and circadian

features remains in question and requires further study.

Since more and more manufacturers produce tests based on

highly sensitive detection methods, there is a need for inde-

pendent analytical and clinical evaluations of these methods.
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