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Abstract
The methods used to diagnose cardiovascular diseases are constantly being improved, leading to 
an expanded perception of the diagnostic value of biomarkers and their new diagnostic possibil-
ities. One striking example are the main biomarkers used to diagnose acute myocardial infarc-
tion: cardiac troponins. The first methods for determining cardiac troponins (proposed 30 years 
ago) were characterized by extremely low sensitivity. Therefore, they could only detect large 
acute myocardial infarctions. These methods were also characterized by low specificity, ex-
pressed as a high probability of cross- reactivity with skeletal troponin isoforms, which generated 
false- positive results in the presence of skeletal myopathies and skeletal muscle lesions. With the 
introduction of high- sensitivity cardiac troponins into clinical practice, the possibility of early 
diagnosis and exclusion of acute myocardial infarction by assessing troponin concentrations in 
the first few hours (from admission to the first hour, second hour, or third hour) has become 
more specific. Our knowledge about cardiac troponins has changed over the years and promis-
ing new medical uses have emerged. This paper reviews current data on the diagnostic value of 
cardiac troponins, the main methods used for their determination, and their analytical character-
istics from historical and modern insights.
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intRoduction
The troponin complex of  striated heart muscle tissue consists 
of  three proteins: troponin I (cTnI), troponin T (cTnT), tropo-
nin C (cTnC); which together with tropomyosin, play a vital 
role in regulating contraction and relaxation of  heart muscle 
[1]. The amino acid structure of  the troponin complex proteins 
is essential for maintaining function. According to genetic stud-
ies, many mutations exist within genes encoding protein mole-
cules of  the troponin complex. These mutations cause severe 
and potentially fatal inherited cardiac function disorders known 
as cardiomyopathies [2]. In two myocardial troponin complex 
proteins (troponin I and troponin T), the amino acid structure 
differs from their skeletal muscle isoform. This difference 
makes them unique and allows them to be used as biomarkers 
to detect ischemic myocardial damage in acute myocardial 
infarction. The amino acid structure of  troponin C is identical 
in cardiac and skeletal muscle tissues, and therefore it has low 
specificity to diagnose acute myocardial infarction. Although 
troponin I and T are thought to be localized only in the myocar-
dium, some investigators have found extramyocardial expres-
sion of  these troponins in skeletal muscle [3–5] and in the 
muscle membrane of  the vena cava wall and pulmonary veins in 
humans and other mammals [6]. Therefore, troponin I and T 
cannot be considered exclusive cardiac markers. Little is known 
about the causes and mechanisms underlying extramyocardial 
expression of  cardiac troponins, so further research is needed.

Cardiac muscle contains approximately four to six milligrams 
of  troponin I and 10 to 11 milligrams of  troponin T in one 
gram. Approximately 95% of  the troponin complex (structural 
troponin fraction) participates in myocardial contraction. 
Instead, the remaining 5% of  troponin I and T molecules are 
located in the cytosol of  myocardial cells (cytoplasmic fraction 
of  troponins) and do not regulate cardiac muscle activity [7].

diagnostic value and 
mechanisms incReasing seRum 
caRdiac tRoponins
Among biomarkers proposed for diagnosing acute myocardial 
infarction, troponins I and T are the most reliable and most 
used in clinical practice. However, they differ from an ideal bio-
marker because they are elevated relatively late from myocardial 
ischemia (pain syndrome) and do not have absolute specificity 
for detecting cardiac ischemic necrosis. Incorrect diagnoses 
may be present when troponin I and T levels are significantly 
increased by other (non- ischemic) myocardial lesions, unrelated 
to acute myocardial infarction [8–10,10–13]. Given this evi-
dence, a more competent and modern definition of  the diag-
nostic value of  troponin I and T could be as follows: "troponin 
I and troponin T are specific cardiac markers of  cardiac dam-
age, although they are not specific of  any particular type of  
damage – including ischemic necrosis of  myocardial cells in 
acute myocardial infarction". Therefore, physicians should not 
rely solely on laboratory diagnostic methods (i.e., troponin I 
and/or troponin T) during the therapeutic and diagnostic pro-
cess when admitting patients with signs of  acute myocardial 
infarction.

We should note that the dynamics of  troponin I and T increase 
can be similar in the early stages of  many diseases causing irre-
versible (e.g., acute myocardial infarction, myocarditis) or 
reversible (e.g., physical exertion, stress conditions) myocardial 
damage. The latter aspect creates significant difficulties in 
establishing a diagnosis [12,14]. Researchers have not yet estab-
lished the exact nature of  all cardiomyocyte diseases, as mecha-
nisms underlying this damage are very complex. For example, 
in systemic inflammation (sepsis), circulating cytokines in the 
blood directly damage myocardial cells and indirectly affect car-
diac tissue, increasing myocardial oxygen demand. This patho-
logical state generates myocardial ischemia with intact coronary 
arteries, corresponding to a type 2 acute myocardial infarction 
[15].

Several factors also affect troponins I and T increase in chronic 
renal failure. According to some studies, troponins increase in 

main messages

 ♦ Laboratory methods for detecting cardiac troponins remain a crucial diagnostic tool that continually improves and changes 
our ideas about biochemistry and diagnostic capabilities.

 ♦ The diagnostic value of  troponins depends on the analytical characteristics of  the methods used.
 ♦ Cardiac troponins are a specific indicator of  myocardial damage regardless of  their etiology. In the future, they may be used 

not only in cardiology but also in other areas of  medicine.
 ♦ One promising area of  further research corresponds to noninvasive diagnosis of  cardiovascular diseases by analyzing tro-

ponins in urine and oral fluid.
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chronic renal failure is due to a decreased blood clearance rate 
into the urine. Among patients with reduced glomerular filtra-
tion rate, serum troponin T levels increase significantly more 
[16]. It has been suggested that in patients with chronic renal 
failure, cardiomyocyte damage and increased serum troponin I 
and T levels are caused by a direct effect of  metabolic wasting 
products, in particular products of  nitrogen metabolism. It was 
also hypothesized that in chronic renal failure, the expression 
of  troponins I and T of  skeletal muscles is activated, which may 
be another underlying mechanism behind troponins increase 
[4,12,16].

Reversible damage of  myocardial cells under certain physiolog-
ical conditions (physical activity during prolonged running or 
severe stressful situations) and pathological conditions (such as 
transient ischemic episodes in angina pectoris) slightly increase 
troponins I and T – which usually does not exceed 5 to 10 times 
the initial values. This small increase of  troponins I and T sug-
gest that only troponins' cytoplasmic fraction is released to cir-
culation. On the other hand, higher plasmatic levels of  
troponins I and T are caused by the damage of  the structural 
fraction of  the cardiomyocyte contractile apparatus, which is 
typical of  irreversible myocardial lesions.

high-sensitivity 
immunoassays: how has 
ouR undeRstanding of the 
biochemistRy and diagnostic 
value of tRoponins changed?
The creation of  high- sensitive immunoassays for the detection 
of  troponin I and troponin T (hs- cTnI and hs- cTnT), improved 
diagnostic capabilities, and promising directions for future 
research have been significantly expanded [1,8,12]. In particu-
lar, the possibility emerged to determine lower concentrations 
of  troponin I and T molecules that had previously remained 
invisible to moderately sensitive immunoassays.

This advance has allowed the development of  early diagnostic 
algorithms for the confirmation or exclusion of  acute myocar-
dial infarction. The European Society of  Cardiology empha-
sizes the high efficiency in using early algorithms (0 → 1 h and 
0 → 2 h) to exclude and confirm non- ST- segment elevation 
myocardial infarction [17]. These diagnostic algorithms for 
early diagnosis of  non- ST- segment elevation myocardial infarc-
tion are based on assessing highly sensitive cardiac troponin 
levels on admission and then re- determining concentrations 
after one or two hours. Thresholds of  highly sensitive cardiac 
troponins for confirming or excluding non- ST- segment eleva-
tion myocardial infarction are specific to immunoassays from 
different manufacturers (Table 1).

If  the concentration of  highly sensitive cardiac troponins mea-
sured on admission is very low or low, and there is no signifi-
cant increase after one (or two) hours (Table 1), the diagnosis 

of  non- ST- segment elevation myocardial infarction is excluded. 
In these cases, early discharge and outpatient treatment are rec-
ommended. If  the concentration of  highly sensitive cardiac 
troponins measured on admission is above the thresholds or 
shows a significant increase after one or two hours, there is a 
high probability of  non- ST- segment elevation myocardial 
infarction. Such patients are recommended for hospitalization 
and invasive coronary angiography for emergency cases.

In addition, increased sensitivity of  these methods allowed pre-
dicting levels of  high- sensitivity cardiac troponins I and T in 
many pathologies causing myocardial cell damage [12]. The 
99th percentile (serum troponin levels above 99% of  healthy 
individuals) was proposed as the upper reference value to indi-
cate an unfavorable prognosis.

Highly sensitive methods for determining troponin I and tro-
ponin T have changed concepts about biochemical characteris-
tics. It has been shown that serum troponin levels in healthy 
patients depend on sex, age, and daytime of  the biomaterial 
acquisition [18–22]. Based on this, it has been proposed to 
adjust the 99th percentile to some of  these factors.

The effect of  sex on troponin levels proved to be highly signif-
icant and is considered in new rapid algorithms for diagnosing 
acute myocardial infarction [1,22,23]. It has been suggested that 
differences in troponin values based on sex (higher levels of  
high- sensitivity cardiac troponin I and T in males) are explained 
by a more prominent left ventricular myocardial mass in males 
than females [22]. Likewise, age alters high- sensitivity cardiac 
troponin I and T levels. In younger healthy patients, serum tro-
ponin levels are significantly lower than in older patients. These 
age- associated changes are suggested to be caused by chronic 
(latent) comorbid pathologies in the elderly that may adversely 
affect myocardial cells and promote an increased release of  tro-
ponin I and T molecules [23,24].

Furthermore, there are reports of  circadian rhythms in high- 
sensitivity cardiac troponins I and T (i.e., the dependence of  
daytime on the concentration of  cardiac troponins). It has been 
shown that serum levels of  high- sensitivity cardiac troponins I 
and T in patients are significantly higher in the morning than in 
the evening [18]. This trend is described for healthy patients 
[18] and patients with chronic renal failure [25].

The mechanisms that explain the circadian rhythms of  high- 
sensitivity cardiac troponin I and T are not well known; how-
ever, there is speculation about their association with other 
circadian rhythms that may negatively affect myocardial cells. 
For example, the sympathetic and renin- angiotensin- aldosterone 
systems have maximal activity in the morning, leading to 
increased cardiac muscle load, heart rate, and blood pressure. 
The impact of  this system on the myocardium is similar to 
physiological changes occurring during exercise and stress, 
which are accompanied by an increase of  high- sensitivity car-
diac troponins I and T. It is believed that the increased activity 
during the morning period was an evolutionary advantage to 
ensure wakefulness. However, these systems also play vital roles 
in the pathogenesis of  cardiovascular diseases, including acute 
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Table 1. Highly sensitive troponin threshold levels recommended by the European Society of Cardiology [17].

Immunoassay, 
manufacturer

Highly sensitive troponin 
concentration indicating 
a very low probability of  
NSTEMI, nanograms per 
liter

Highly sensitive troponin 
concentration indicating 
a low probability of  
NSTEMI, nanograms per 
liter

Changes in the 
concentration of  highly 
sensitive troponins after 
1 hour that exclude 
NSTEMI, nanograms per 
liter

Highly sensitive troponin 
concentration indicating 
a high probability of  
NSTEMI, nanograms per 
liter

Changes in the concentration 
of  highly sensitive troponins 
after 1 hour to confirm 
NSTEMI, nanograms per 
liter

Diagnostic algorithm 0 → 1 hour
  hs-сTnT (Elecsys; Roche) < 5 < 12 < 3 ≥ 52 ≥ 5
  hs-сTnI (Architect; 

Abbott)
< 4 < 5 < 2 ≥ 64 ≥ 6

  hs-сTnI (Centaur; 
Siemens)

< 3 < 6 < 3 ≥ 120 ≥ 12

  hs-сToni (Access; 
Beckman Coulter)

< 4 < 5 < 4 ≥ 50 ≥ 15

  hs-сTnI (Clarity; Singulex) < 1 < 2 < 1 ≥ 30 ≥ 6
Diagnostic algorithm 0 → 2 hours
  hs-сTnT (Elecsys; Roche) < 5 < 14 < 4 ≥ 52 ≥ 10
  hs-сTnI (Architect; 

Abbott)
< 4 < 6 < 2 ≥ 64 ≥ 15

  hs-сTnI (Centaur; 
Siemens)

< 3 < 8 < 7 ≥ 120 ≥ 20

  hs-сTnI (Access; 
Beckman Coulter)

< 4 < 5 < 5 ≥ 50 ≥ 20

  hs-сTnI (Clarity; Singulex) < 1 undefined undefined ≥ 30 undefined
hs- cTnI: highly sensitive troponin I. hs- cTnT: highly sensitive troponin T. NSTEMI: non- ST- segment elevation myocardial infarction..
Data valid for some immunoassays from several different manufacturers.
Source: Adapted from the recommendations of  the European Society of  Cardiology [17].
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myocardial infarction. Consequently, they may be additional 
heart damage in patients with cardiovascular risk factors (e.g., 
atherosclerosis, dyslipidemia, hemostatic disorders) [26].

It is worth noting that the influence of  age and daytime on 
high- sensitivity cardiac troponins I and T is debatable due to 
insufficient evidence and conflicting research results. Therefore, 
in modern diagnostic algorithms of  acute myocardial infarc-
tion, the influence of  these factors is still not considered. To 
exemplify this controversy, van der Linden [25] reported a pro-
nounced effect of  circadian rhythms over high- sensitivity car-
diac troponin T on early diagnosis of  myocardial infarction. On 
the other hand, Klinkenberg [18] found that circadian rhythms 
of  high- sensitivity cardiac troponin T have no significant effect 
on early diagnostic algorithms. Concerning the design of  these 
studies – contradictory in terms of  the clinical significance of  
circadian rhythms of  high- sensitivity cardiac troponin T – some 
differences in the clinical characteristics of  patients are 
observed. Particularly, the degree of  diurnal fluctuations in 
high- sensitivity cardiac troponin T levels in the van der Linden 
study appears to have been influenced by chronic renal failure.

investigating caRdiac 
tRoponins in noninvasively 
pRoduced body fluids
The primary biological fluid for determining troponins is the 
blood. However, with the advent of  highly sensitive methods, it 
became possible to determine troponins in other biological flu-
ids that can be obtained noninvasively. Obtaining this biomate-
rial from patients is atraumatic, painless, and reduces the risk of  
developing blood- borne infections (e.g., human immunodefi-
ciency virus and viral hepatitis). Additionally, it does not require 
trained medical personnel and permits the patient himself  to 
take his biomaterial at home. For example, troponin concentra-
tions in urine are small and therefore not detected by moder-
ately sensitive test systems. However, highly sensitive screening 
methods detected troponins in the morning urine of  all 
screened individuals. High- sensitive cardiac troponin T levels in 
the urine of  patients with hypertension were significantly higher 
than in patients with normal blood pressure [27,28].

Oral fluid is another promising noninvasive biomaterial for 
diagnosing many endocrine, oncologic, and cardiovascular dis-
eases, including acute myocardial infarction [29–32]. Our single- 
center pilot study recently demonstrated that the concentration 
of  high- sensitivity cardiac troponin I in oral fluid of  patients 
with acute myocardial infarction is significantly higher than 
controls. In addition, high- sensitivity cardiac troponin I levels 
in blood serum and oral fluid had a moderate correlation [31]. 
Further studies on larger samples are needed to establish refer-
ence values and standardize the preanalytical stage to increase 
the clinical and diagnostic value of  high- sensitivity cardiac tro-
ponin I in oral fluid.

caRdiac tRoponin 
deteRmination methods: 
a bRief histoRy of the 
development of tRoponin 
immunoassays
Determination of  troponins in the blood is carried out through 
different immunochemical methods (e.g., radioimmunoassay, 
enzyme immunoassay, immunofluorescence analysis, and 
immunochemiluminescence). This process includes several 
successive stages: immunological, chemical, and detection.

Within the first stage (immunological), there is a specific inter-
action of  diagnostic antibodies of  a commercial kit with an 
antigen, which (in this case) is troponin. In the second and third 
stages, there is either an additional immunological reaction of  
antibodies and the formation of  a sandwich complex or a 
chemical (enzymatic) reaction and recording of  the received 
signal. Signal detection methods differ depending on the anti-
body marker used. Through enzyme immunoassay, the color 
intensity is evaluated using a photometer/spectrophotometer. 
Radioisotopes (radionuclides) are used as markers in radioim-
munoassays and are evaluated with a radiometer (radio spec-
trometer). regarding fluorophores, the signal is recorded in a 
fluorometer. The signal strength is directly proportional to the 
concentration of  troponins in the biological sample. The results 
are often expressed in quantitative values (nanograms per milli-
liter, nanograms per liter, micrograms per liter) or through a 
visual assessment of  the number of  strips formed, typical of  
qualitative methods (diagnostic test strips) used at the patient’s 
bedside.

There is a long- gone need to create specific immunochemical 
assays to determine troponin I and troponin T for diagnosing 
acute myocardial infarction. In 1987, Cummins reported the 
first method (first- generation immunoassays) to determine tro-
ponin I. This method had a high minimum determinable con-
centration (about 10 micrograms per liter or 10,000 nanograms 
per liter). The troponin increase was observed only in large- 
scale acute myocardial infarction and at late dates from patient 
admission. Therefore, this immunoassay was not suitable for 
practical medicine and was significantly inferior to the diagnos-
tic value of  creatine kinase MB, which at that time was generally 
considered the gold standard for diagnosing acute myocardial 
infarction [33]. In the following years, a research team led by 
Katus developed an enzyme- linked immunosorbent assay to 
determine troponin T. The minimum detectable concentration 
in this method improved to 100 nanograms per liter, and the 
laboratory test time took 90 minutes [34]. According to a study 
using this immunoassay, troponin T levels correlated closely 
with creatine kinase MB enzyme activity in blood serum. In all, 
this immunoassay was superior to other biomarkers of  acute 
myocardial infarction (aspartate aminotransferase, lactate dehy-
drogenase, and creatine kinase MB). However, it had an essen-
tial drawback: many cross- interactions (nonspecific or false 
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positives) of  diagnostic antibodies with the skeletal troponins. 
This disadvantage resulted in frequent false- positive results in 
the presence of  skeletal muscle damage and/or disease.

In second- generation troponin determination methods, speci-
ficity increased. Further improvement in third and fourth- 
generation immunoassays permitted complete discrimination 
of  nonspecific responses, and the minimum defined concentra-
tion was reduced. This advancement led to an earlier diagnosis 
of  acute myocardial infarction within 6 to 8 hours from patient 
admission with chest pain. Therefore, troponin I and troponin 
T became the new gold standard in diagnosing acute myocardial 
infarction, which was finally documented in 2000 by leading 
experts in the European and American cardiological communi-
ties [35].

However, the time required for laboratory confirmation of  
ischemic cardiomyocyte necrosis remained relatively large and 
inadequate for an early diagnosis. For this reason, further work 
continued to find new biomarkers and improve the sensitivity 
of  troponin determination methods [36]. Thus, between 2007 
and 2010, highly sensitive methods for determining troponins 
(high- sensitivity cardiac troponins I and T) – also called fifth- 
generation immunoassays – emerged. The minimum detectable 
concentration from immunochemical methods was only 1 to 10 
nanograms per liter, which was tens and hundreds of  times less 
than some of  the moderately sensitive methods used up to that 
time, and thousands of  times less than the prototypes created 
more than 35 years ago. The time spent in the laboratory study 
with highly sensitive immunoassays was only 20 to 30 minutes 
[37].

Currently, there are many diagnostic immunoassays on the mar-
ket designed to detect troponin I and troponin T. They all differ 
in their analytical characteristics, and the laboratory results 
obtained when using the same serum often do not coincide. 
Standardizing different methods for defining troponin I and 
troponin T is essential [38]. Suppose a patient needs to be 

transferred to another hospital that uses a different method to 
determine troponin. In that case, the results cannot be com-
pared to identify the elevation kinetics of  acute myocardial 
infarction. Therefore, repeated studies are needed, requiring 
additional time and money.

The International Federation of  Clinical Chemistry conducts 
independent expert evaluations and systematizes data on car-
diac troponin determination methods. According to this orga-
nization, RocheDiagnostics, Abbot, Beckman Coulter, Ortho, 
Siemens, Singulex, bioMerieux, and LSI Medience produce the 
most reliable and high- quality highly sensitive immunoassays. 
Roche Diagnostics only manufactures kits for the determina-
tion of  high- sensitivity cardiac troponin T. In contrast, the 
other companies listed above manufacture diagnostic kits to 
determine high- sensitivity cardiac troponin I, so the standard-
ization problem mainly concerns the latter.

High- sensitivity cardiac troponin I levels may differ if  obtained 
by methods from different manufacturers. One of  the main 
reasons for mismatched results is using different diagnostic 
antibodies that target different epitopes of  troponin I and tro-
ponin T molecules. In acute myocardial infarction, many frag-
ments of  troponin molecules circulate in the serum, which have 
different stability and half- life. When antibodies against unsta-
ble or more stable epitopes of  troponin molecules are used, the 
result may be underestimated or overestimated, respectively. 
Troponin breakdown and clearance are poorly studied but are 
likely to occur continuously and depend on many factors, 
including drug prescription. In addition, some antigenic epi-
topes of  troponin I and troponin T molecules may be targeted 
by autoantibodies and heterophile antibodies resulting in false- 
positive and false- negative results. Further research on troponin 
molecules breakdown and elimination and the influence of  
autoantibodies and heterophile antibodies is needed to improve 
troponin immunoassays' quality.

Table 2. Modern analytical characteristics of cardiac troponin immunoassay methods.

Parameter Description, commentary
Limit of  blank The lowest signal generated in a fluid with zero troponin concentration – the lower, the better.
Limit of  detection (minimum 
detectable concentration)

The value obtained in a fluid with the lowest troponin concentration – the lower, the better.

Limit of  quantification The minimum concentration that can be determined with an uncertainty of  ≤ 10% – the lower, the better.
Unadjusted 99th percentile A troponin concentration higher than 99% of  healthy individuals. Only admits 1% false positives, most often 

for some unknown reason.
Age- adjusted 99th percentile A troponin concentration higher than 99% of  healthy individuals, adjusted by sex. In men, the 99th percentile 

is approximately 1.5 to 2 times higher than in women, depending on the assay used.
Threshold value (cut- off  
level)

The minimum troponin concentration to diagnose acute myocardial infarction. This indicator is only used in 
moderately sensitive test systems, whereas in accelerated algorithms using highly sensitive and ultrasensitive 
test systems, the 99th percentile level is used as a reference.

Coefficient of  variation Random dispersion of  measurements in a sample. The lower it is, the more accurate the analysis.
Percentage of  measurable 
values in healthy subjects

Percentage of  troponin values below 99th percentile that can be obtained in a population of  healthy subjects.

Ratio between 99th percentile 
and limit of  detection

The higher it is, the higher the sensitivity of  the test.

Source based on the literature reviewed [14,20,21].
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T
he m

ain analytical characteristics of the quality of troponin 
im

m
unoassays are the lim

it of blank ─
 the low

est signal gener-
ated in fluid w

ith zero troponin concentration; the lim
it of 

detection ─
 the m

inim
um

 detectable concentration; the lim
it of 

quantification (lim
it of quantitative determ

ination); unadjusted 
and age- adjusted 99th percentile; percentage of m

easurable val-
ues in healthy individuals; coefficient of variation; and the ratio 
of 99th percentile and the detection lim

it (Table 2) [21,40,41].

M
any investigators are concerned about w

hich assay should 
qualify as highly sensitive. T

he International Federation of 

C
linical C
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orking G
roup of the C

om
m

ittee on 
C
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pplication of C

ardiac Biom
arkers has proposed tw

o 
criteria for a m

ethod to be designated as highly sensitive [21]. 
First, the percentage coefficient of variation in establishing the 
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than 50%
 of healthy individuals, the troponin concentration 

should be above the detection lim
it of the analytical m

ethod. 
H

ow
ever, m

any of the m
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eet these criteria. For highly sensitive assays, all jour-
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oderately sensi-
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odern highly sensitive assays [21].

T
he clinical and diagnostic value of high- sensitivity cardiac tro-

ponin T and I results is directly related to the analytical charac-
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ethod used (Table 2). T
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istry should be follow
ed to establish the analytical param

-
eters of the test system

. So, for exam
ple, to establish the 99th 

percentile values according to sex, it is necessary to determ
ine 

troponin in at least 300 w
om

en and 300 m
en.

Subsequently, these values can be adjusted w
hen new

 data are 
received. Ideally, each laboratory should establish its ow

n 99th 
percentile, w

hich w
ould correspond to the test system

 and ana-
lyzer used and the characteristics of the given population. 
H

ow
ever, given the com

plexity and cost of such studies, it is 
perm

issible to focus on param
eters provided by the m

anufac-
turers [21,42].

E
stablishing optim

al values for the 99th percentile is crucial 
and involves several key questions: how

 should reference 
groups be selected? W

hat statistical calculation m
ethod should 

be applied? T
he definition of a healthy person is also a m

atter 
of discussion [21]. H

ow
 should patients be selected? Should w

e 
select young (under 30 years) or those w

ho coincide w
ith 

patients w
ith classic acute m

yocardial infarction (40 to 90 
years)? W

hat criteria should be used to designate "healthy" 
patients? Should w

e use a sim
ple survey (questionnaire) or a 

com
plete m

edical exam
ination – including both physical and 

T
able 3. A

ccuracy and sensitivity of cardiac troponin im
m

unoassay m
ethods.

C
oefficient of variation (inaccuracy of analysis, %

)
C

oefficient of variation ≤
 10

10 ≤
 coefficient of variation ≤

 20
C

oefficient of variation ≥
 20

Very accurate (acceptable for diagnosis)
Low

 accuracy, but clinically acceptable
C

linically unacceptable
Percentage (%

) of m
easurable values in healthy subjects

<
 50

50 to 75
75 to 95
>

 95
99 to 100

M
oderately sensitive: 1st level

H
ighly sensitive of 1st generation: 2nd level

H
ighly sensitive of 2nd generation: 3rd level

H
ighly sensitive of 3rd generation: 4th level

H
ighly sensitive of 4th generation: 5th level

C
orrelation betw

een 99th percentile and lim
it of detection

<
 1

≥
 10

≥
 20

C
linically acceptable (high sensitivity)

E
xtrem

ely sensitive
U

ltrasensitive
Source: based on the review

ed literature [42–45].
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Table 4. High sensitivity methods for the determination of cardiac troponins T and I.

Manufacturer/Platform/
method

Limit of  blank 
(nanograms per liter)

Limit of  detection 
(nanograms per liter)

Coefficient of  variation 
(%)

99th percentile 
(unadjusted and adjusted 
by sex), nanograms per 
liter

Percentage of  
measurable values 
in healthy subjects 
(unadjusted and 
adjusted by sex, %)

Statistical method used 
to calculate the 99th 
percentile

Abbott/Alinity i systems/
Alinity i STAT High 
Sensitive Troponin- I; 
commercial OUS

1.0 1.6 4.0 Unadjusted: 26.2
F: 15.6
M: 34.2

Unadjusted: 85
F: 78
M: 92

Robust method

Abbott/ARCHITECT i 
systems/ ARCHITECT 
STAT High Sensitive 
Troponin- I; commercial

0.7 to 1.3 1.1 4.0 Unadjusted: 26.2
F: 15.6
M: 34.2

Unadjusted: 85
F: 78
M: 92

Robust method

Beckman Coulter/Access 
2, DxI/Access hsTnI; 
commercial – OUS

0.0 to 1.7 1.0 to 2.3 3.7 Unadjusted: 17.5
F: 11.6
M: 19.8

> 50 Non parametric

Beckman Coulter/
Access 2, /Access hs TnI; 
commercial – US: Serum

0.0 to 0.8 1.0 to 2.0 6.0 Unadjusted: 18.2
F: 11.8
M: 19.7

> 50 Non parametric

LSI Medience (formerly 
Mitsubishi) PATHFAST 
hs- cTnI; commercial

- 1.0 < 6 Unadjusted: 15.48
F: 16.91
M: 11.46

Unadjusted: 76 Non parametric

LSI Medience (former 
Mitsubishi) PATHFAST 
hs- cTnI /PATHFAST 
cTnI- II

1.23 2.33 6.1 Unadjusted: 27.9
F: 20.3
M: 29.7

Unadjusted: 66.3
F: 52.8
M: 78.8

Non parametric

Ortho/VITROS/hs 
Troponin I; commercial

0.14 to 0.51 0.39 to 0.86 < 10 Unadjusted: 11.0
F: 9.0
M: 12.0

> 50 Non parametric

Roche/cobas e801/cTnT- 
hs 18- min and STAT; 
commercial

2.5 3 < 10 Unadjusted: 14.0
F: 9.0
M: 16.0

Unadjusted: 57.4 Not provided by the 
manufacturer

Siemens ADVIA Centaur 
XP/ XPT High Sensitivity 
TnI (TNIH), US & OUS; 
commercial

0.50 1.6 < 4.9 Unadjusted: 46.5
F: 39.6
M: 58.0

Unadjusted: 72.0
F: 57.0
M: 86.0

Non parametric

Singulex Clarity cTnI; 
commercial

0.02 0.08 2.39 Unadjusted: 8.67
F: 8.76
M: 9.23

Unadjusted: 99
F: 99
M: 100

Non parametric

cTnI: troponin I. cTnT: troponin T. hs- cTnI: highly sensitive troponin I. hs- cTnT: highly sensitive troponin T. F: adjusted by female sex; . M: adjusted by male sex.
Data according to the committee for clinical use of  cardiac biomarkers of  the International Federation of  Clinical Chemistry (as of  December 2020, provided by manufacturers) [50].
Source: adapted from International Federation of  Clinical Chemistry [50].
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instrumental laboratory studies (electrocardiography, echocar-
diography, determination of  natriuretic peptide concentration, 
creatinine level)? The latter option is ideal but expensive.

Selection of  the control group according to strict criteria shifts 
the 99th percentile to lower values [21,42,43]. Furthermore, it is 
necessary to have a unified statistical approach when calculating 
the 99th percentile. The nonparametric method (Harrell- Davis 
method) and the robust (stable) statistical method give different 
values for the 99th percentile. Thus, the aforementioned condi-
tions explain the significant variation of  the 99th percentile cal-
culated by the different manufacturers.

On the other hand, some new rapid diagnostic algorithms (one- 
and two- hour) do not focus on the 99th percentile level as the 
reference diagnostic threshold. Instead, they use lower cut- off  
values to decide hospitalization and invasive interventions. This 
approach is appealing because many patients with high- 
sensitivity cardiac troponin concentrations ranging from the 
limit of  detection (or limit of  quantification) to the 99th per-
centile have a higher risk of  adverse outcomes compared with 
those with minimal or undetectable values (i.e., below the limit 
of  detection or limit of  quantification). The benefit of  these 
strategies has been demonstrated in several studies to rapidly 
exclude acute coronary syndrome and identify patients at ele-
vated risk of  adverse cardiovascular events at 30 days 
[44,45,45–48].

The limit of  detection is essential to diagnose acute myocardial 
infarction early in time. The first- and second- generation immu-
noassay methods had a detection limit between 100 to 500 
nanograms per liter. Therefore, acute myocardial infarction was 
diagnosed too late (after 12 to 24 hours). In some cases, small- 
focal infarctions were missed, and no troponin was detected in 
any healthy patient (0% of  the values measured in the reference 
population).

With current highly sensitive assays, the detection limit may be 
only a few nanograms per liter and even less than 1 nanogram 
per liter, which is hundreds of  times more sensitive than previ-
ous assays, allowing the detection of  myocardial damage almost 
at a cellular level. The percentage of  measured troponin values 
ranges from 50 to 100% [21]. Garcia- Osuna et al. recently stud-
ied the analytical characteristics of  a new method that detects 
troponin I at a molecule level. The study showed that this 
method is approximately 10 times more sensitive than the cur-
rently used high- sensitivity cardiac troponin I methods. The 
detection limit was 0.08 to 0.12 nanograms per liter, and the 
proportion of  healthy subjects with measurable troponin con-
centrations reached 99.5%. Healthy subjects were strictly 
selected (based on their anamnesis and normal natriuretic pep-
tide and creatinine levels). The median of  high- sensitivity car-
diac troponin I was significantly higher in men than women and 
in the elderly compared with the young. This finding indicates 
the need to reflect age- related characteristics in high- sensitivity 
cardiac troponin I levels. This hypersensitive immunoassay is 
significantly superior to other existing highly sensitive methods 
[49]. This sensitivity was achieved using four types of  

antibodies: two of  them are directed to epitopes located at the 
center of  troponin and two to epitopes located at both ends of  
the molecule. Such a test provides a higher uptake of  the tropo-
nin I molecule and its fragments than test systems based on the 
use of  two or three types of  antibodies.

The parameter that determines the accuracy of  the immunoas-
say is the coefficient of  variation. The method is considered 
highly accurate and meets the International Federation of  
Clinical Chemistry requirements when serially determining the 
troponin level in a sample, the average dispersion of  the results 
does not exceed 10% (coefficient of  variation less than or equal 
to 10%).

However, due to the limited commercial availability of  high 
precision tests, troponin tests with coefficients of  variation 
between 10 and 20% are still widely used in many laboratories. 
These test systems can lead to false- positive and false- negative 
results. Tests with a coefficient of  variation greater than 20% 
are unacceptable for clinical use and should be excluded 
(Table 3). A significant improvement in the analytical parame-
ters of  highly sensitive tests introduced an additional classifica-
tion of  "functional" methods based on the relationship between 
the 99th percentile and the limit of  detection. The higher the 
99th percentile/detection limit correlation, the higher the prob-
ability of  identifying subjects with measurable values.

Table 4 summarizes some of  the highly sensitive modern test 
systems available for clinical use, as well as their analytical 
parameters (according to data from International Federation of  
Clinical Chemistry, 2020) [50].

conclusion
Laboratory methods for detecting cardiac troponins remain an 
essential tool to diagnose acute myocardial infarction. Our 
changing knowledge on cardiac troponins biochemistry contin-
uously improves determination methods and opens new possi-
bilities for their use in laboratory diagnostics.

Cardiac troponins are a specific indicator of  myocardial dam-
age, regardless of  etiology. In the future, they may be used – not 
only in cardiology – but also in other areas of  medicine.

It is crucial to understand that troponins results depend on 
their determination methods and their main analytical charac-
teristics, such as unadjusted and sex- adjusted 99th percentile, 
the limit of  blank, minimum defined concentration, and coeffi-
cient of  variation, among others. This knowledge is needed to 
use cardiac troponins as a diagnostic tool effectively.

Further work is needed to reveal the mechanisms and effects of  
age and daytime on highly sensitive troponin levels. In addition, 
promising new opportunities to investigate cardiac troponin 
molecules in noninvasive body fluids should be evaluated.
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Troponinas cardíacas: información actual sobre las principales 
características analíticas de los métodos para la determinación y 

nuevas posibilidades diagnósticas

Resumen
Los métodos de determinación utilizados en el diagnóstico de laboratorio de enfermedades cardiovasculares se mejoran constante-
mente, lo que conduce a un cambio en la percepción del valor diagnóstico de los biomarcadores de laboratorio y al surgimiento de 
nuevas posibilidades de diagnóstico. Uno de los ejemplos sorprendentes de esto son los principales biomarcadores utilizados para 
el diagnóstico de laboratorio del infarto agudo de miocardio: las troponinas cardíacas. Los primeros métodos para determinar las 
troponinas cardíacas, propuestos hace unos 30 años, se caracterizaban por una sensibilidad extremadamente baja. Por lo tanto, solo 
podían detectar infartos agudos de miocardio de amplia zona. Estos métodos también se caracterizaron por una baja especificidad, 
que se expresó en una alta probabilidad de reactividad cruzada de anticuerpos de diagnóstico con isoformas de troponina esqueléti-
ca, acompañada de resultados falsos positivos en miopatías esqueléticas y lesiones músculo esqueléticas. Con la introducción de 
troponinas cardíacas de alta sensibilidad en la práctica clínica, la posibilidad de diagnóstico precoz y exclusión del infarto agudo de 
miocardio mediante la evaluación de la cinética de la concentración de troponinas en las primeras horas (de 0 a 1 hora, de 0 a 2 horas 
y de 0 a 3 horas) se ha vuelto más específica desde el momento en que el paciente ingresa a urgencias. Además, algunas de nuestras 
ideas sobre la biología de las troponinas cardíacas han cambiado, y han surgido nuevas oportunidades prometedoras para su uso en 
medicina. Esta revisión sistematiza los datos actuales sobre el valor diagnóstico de las troponinas cardíacas, los principales métodos 
de su determinación y sus características analíticas desde los puntos de vista histórico y moderno.
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