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Abstract: The causes and mechanisms of increased cardiac troponin T and I (cTnT and 
cTnI) concentrations are numerous and are not limited to acute myocardial infarction (AMI) 
(ischemic necrosis of cardiac myocytes). Any type of reversible or irreversible cardiomyo-
cyte injury can result in elevated serum cTnT and cTnI levels. Researchers and practitioners 
involved in the diagnosis and treatment of cardiovascular disease, including AMI, should 
know the key causes and mechanisms of elevated serum cTnT and cTnI levels. This will 
allow to reduce or completely avoid diagnostic errors and help to choose the most correct 
tactics for further patient management. The purpose of this article is to discuss the main 
causes and mechanisms of increase in cardiac troponins concentrations in frequently occur-
ring physiological (physical exertion, psycho-emotional stress) and pathological conditions 
(inflammatory heart disease, pulmonary embolism, chronic renal failure and sepsis (systemic 
inflammatory response)) not related to myocardial infarction. 
Keywords: diagnostics, differential diagnosis, causes of increased concentration, 
mechanisms of increase, cardiac troponins, troponin T, troponin I, acute myocardial 
infarction, physical activity, psycho-emotional stress, myocarditis, endocarditis, 
pericarditis, sepsis, pulmonary embolism, chronic renal failure

Introduction
Cardiac troponin T and I isoforms (cTnT and cTnI) are expressed in cardiac muscle 
tissue and are by far the most specific and sensitive indicators for the diagnosis of 
acute myocardial infarction (AMI).1–4 There are only a few studies that have 
reported the expression of cTnT and cTnI outside the myocardium, particularly in 
skeletal muscle,5–7 but the results of these studies are contradictory and have not 
been confirmed in other research studies.8,9

Methods for determining cTnT and cTnI, which were first developed in the 
late 90s of the 20th century,10,11 have been continuously improved, increasing 
analytical sensitivity and specificity. This allowed to accelerate the early diag-
nosis of AMI and reduce the number of false-positive results due to the interac-
tion of anti-cTnT and anti-cTnI antibodies with skeletal troponins released from 
muscle fibers in skeletal myopathies and rhabdomyolysis.12–14 Nowadays, there 
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are highly sensitive immunoassays available for deter-
mining the hs-cTnT and hs-cTnI concentrations; they 
allow detecting very low (at the level of several ng/L), 
but diagnostically significant concentrations of cardiac 
troponin molecules in blood serum.15,16 This has signifi-
cantly accelerated the diagnosis of AMI, making it pos-
sible to speed up the decision-making on the choice of 
optimal management tactics for patients arriving with 
chest pain. For instance, the official edition of the 
Fourth Universal Definition of Myocardial Infarction 
(2018) regulates the use of hs-cTnT and hs-cTnI in 1h 
and 3h diagnostic algorithms.1

Despite the high specificity of cTnT and cTnI, they are 
not ideal biomarkers for the diagnosis of AMI, since they 
elevate in blood serum not only in ischemic necrosis of 
myocardial cells, but also in a number of other pathologies 
that lead to damage or death of myocardial cells caused by 
non-ischemic factors.17–19 Also, the improvement in ana-
lytical sensitivity of methods for determining cardiac tro-
ponins has led to a decrease in specificity, which is 
expressed by more frequent cases of elevated troponin 
levels in the absence of myocardial infarction.15,20 On 
the one hand, it has a great clinical importance due to 
the opportunity to better assess the degree of myocardial 
damage in a number of pathological conditions, such as 
sepsis, pulmonary embolism (PE), inflammatory myocar-
dial diseases, but on the other hand, it can make differen-
tial diagnosis more difficult and contribute to incorrect 
diagnoses. This is especially true in cases where clinicians 
excessively rely only on the results of patients’ laboratory 
examinations.

It is very important to understand that an increase in 
the concentration of cardiac troponins in biological fluids, 
in particular in blood serum, indicates reversible or irre-
versible damage to cardiomyocytes, but does not explain 
the etiopathogenesis of such damage, which may occur in 
a number of other pathological processes not associated 
with myocardial infarction.1,14,21–23 And in some cases 
(impaired renal filtration, false positive results), elevation 
of cardiac troponins can occur even in the absence of 
cardiomyocytes damage.12,13,24–26 For this reason, practi-
tioners and researchers should not disregard the data on 
the possibility of cardiac troponins elevation in other 
diseases.

Elucidation of the key causes and mechanisms of car-
diac troponin elevation is of theoretical value and practical 
importance.27 This is necessary to improve the differential 
diagnosis of myocardial infarction from other conditions 

accompanied by non-ischemic alteration of 
cardiomyocytes.

The purpose of this article is to discuss the main causes 
and mechanisms of increase in cardiac troponins concen-
trations in frequently occurring physiological (physical 
exertion, psycho-emotional stress) and pathological condi-
tions (inflammatory heart disease, pulmonary embolism, 
chronic renal failure and sepsis (systemic inflammatory 
response)) not related to myocardial infarction.

Classification of Major Causes of 
Elevated Serum Cardiac Troponins 
Levels Other Than Acute 
Myocardial Infarction
Based on the literature, the most significant causes of 
cTnT and cTnI elevation, that may complicate differential 
diagnosis and lead to diagnostic errors, are: severe and/or 
prolonged physical exertion, inflammatory diseases of car-
diac membranes (pericarditis, endocarditis and myocardi-
tis), hereditary and acquired cardiomyopathies, heart 
failure, Takotsubo syndrome, pulmonary embolism (PE), 
systemic inflammation (sepsis), acute and chronic renal 
failure, cardiotoxicity of some therapeutic agents and 
manipulations, and a number of others. Conventionally, 
all these conditions can be classified into two groups: 1) 
myocardial damage in cardiac pathologies, and 2) myocar-
dial damage in non-cardiac and systemic pathologies. 
False-positive factors (interference) contributing to incor-
rect (false) overestimation of troponin levels in particular 
heterophile antibodies, alkaline phosphatase, cross- 
reactions of anti-cTnT and anti-cTnI antibodies with ske-
letal troponin isoforms in skeletal myopathies and rhabdo-
myolysis are considered no less important problems in 
laboratory diagnosis. These causes of cTnT and cTnI ele-
vation can be conventionally grouped into a third group: 
false-positive causes of cardiac troponin elevation 
(Figure 1).

Cardiac Troponins During Physical 
Exertion and Psycho-Emotional 
Stress: Mechanisms of Elevation and 
Diagnostic Value
Increased troponins during heavy and/or prolonged physi-
cal exertion have been noted in numerous studies almost 
immediately after the first troponin immunoassays were 
created.28–30 However, due to the fact that these 
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immunoassays had low specificity and often gave false 
positive results (diagnostic antibodies against cardiac tro-
ponins reacted nonspecifically and cross-reacted with ske-
letal troponin isoforms).30,31 Nevertheless, some studies 
have revealed very interesting data, which indicated the 
adverse effects of some heavy and prolonged loads on the 
cardiovascular system of athletes.28,32 For example, 
N. Rifai et (1999) found an increase in troponin T in 
26% of athletes after triathlon (swimming 3.9 km → 
cycling 180.2 km → running 42.2 km), with the highest 
concentrations recorded in the prize-winners. There was 
a significant correlation between finishing time and cTnT 
values (r = −0.65; p < 0.01). There was also a 24% 
reduction in ejection fraction (measured by echocardiogra-
phy) when compared with pre-start values (p < 0.002). 
Based on the results obtained, the researchers concluded 
that such a load leads to damage to myocardial cells.28

As the sensitivity of immunoassays improved, the 
number of athletes with positive (elevated) cardiac tro-
ponins levels increased. And the highly sensitive meth-
ods introduced in 2007–2010 revealed elevated levels in 
almost all people after prolonged and/or heavy 
exertion.33–37 A study by Mingels et al (2009) clearly 
demonstrated that high-sensitivity troponin assays reveal 
increased concentrations in higher percentage of athletes 
after physical exertion. Thus, immediately after the 

marathon, hs-cTnT levels were increased in 81% of 
marathon runners, while moderately sensitive troponins 
cTnT and cTnI increased in only 45 and 61% of runners, 
respectively. Moreover, in some athletes hs-cTnT 
increased more than 10-fold after the race compared to 
the values before the start of the marathon. Statistical 
processing of the results using multiple regression ana-
lysis showed that higher troponin concentrations were 
detected in marathon runners who were older and had 
less sporting experience. When troponin concentrations 
in the serum of marathon runners were determined again 
after 24 hours, troponin levels decreased significantly, 
but were still about 3–4 times higher than initial 
values.33

In another study by Scherr et al (2011)36 the dynamic 
changes in many biomarkers of inflammation and myocar-
dial damage, including hs-cTnT in marathon runners 
(n=102) were analyzed. In addition to determining indica-
tors before the start, immediately after the finish, and 24 
hours after the finish, as examined in a previous study,33 

the authors also investigated the hs-cTnT levels 72 hours 
after the race. The concentrations of hs-cTnT after the 
marathon were increased about 10-fold compared with 
the values before the start (from 0.00361 ng/mL to 0.031 
ng/mL), but returned to the initial values 72 hours after the 
finish.36

Figure 1 Classification of the main causes of troponins elevation not associated with myocardial infarction.1,14
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Richardson et al (2018) in their study also noted 
a significant increase in hs-cTnT levels (more than 10- 
fold) in 52 marathon runners in Brighton, UK. The 
researchers also found that the degree of increase in hs- 
сTnT was related to the intensity of physical exertion.37

Besides physical activity, psycho-emotional stress can 
also lead to an increase in levels of high-sensitivity 
troponins.38–40 For example, Lazzarino et al (2013) were 
first to discover that the concentration of the cortisol 
hormone (one of the key biomarkers of psycho-emotional 
stress) is associated with serum levels of high-sensitivity 
troponin T (hs-cTnT) (Roche Diagnostics). This relation-
ship was traced on a fairly large sample of patients (n = 
508) with no signs of cardiovascular disease.38 The 
authors emphasize the need for further study of the role 
of stress in the pathophysiology of myocardial cell damage 
and the mechanisms underlying the increase in serum hs- 
cTnT levels.38

The mechanisms of elevation and the diagnostic value 
of troponins during physical exertion are controversial and 
their further discussion still continues.40–43 Some research-
ers think that prolonged/heavy physical exertion leads to 
cardiomyocytes death through small-scale (subclinical) 
necrotic and apoptotic processes. Damage and gradual 
death of cardiomyocytes causes hypertrophy of the 
remaining contractile cardiomyocytes, but its capabilities 
are limited and excessive myocardial hypertrophy is con-
sidered an extremely dangerous and undesirable sign. 
Thus, frequent and excessive physical exertion can 
increase the likelihood of heart failure due to decompensa-
tion (cardiosclerosis) in athletes during their lifetime. On 
this basis, cardiac troponins hold promise for use in sports 
medicine/cardiology for regulation of acceptable physical 
exertion levels. In this case, highly sensitive immunoas-
says are of the greatest value due to their significantly 
higher detecting ability allowing to detect even the smal-
lest damage to myocytes. Some researchers are of the 
opinion that heavy exertion cause only transient myocar-
dial ischemia. This opinion is based on the fact that the 
kinetics of the cardiac troponins levels in the blood serum 
during physical exertion and AMI differ. Thus, in AMI, 
the duration of circulation of cardiac troponin molecules in 
increased concentrations is approximately 1–2 weeks, 
while during physical exertion, the duration of circulation 
of troponin molecules in the blood serum does not exceed 
1–3 days.33,36 Another argument in favor of the reversi-
bility of myocardial damage is the data of magnetic reso-
nance imaging (MRI) with gadolinium-based contrasts. 

This MRI method allows detecting inflammatory and 
sclerotic changes in myocardial tissue. In their study 
O’Hanlon et al (2010) examined cardiac muscle tissue of 
athletes using MRI and did not reveal signs of necrosis and 
cardiosclerosis.41

Transient ischemia under heavy and/or prolonged phy-
sical exertion develops because of the imbalance between 
cellular oxygen demand and its delivery through the cor-
onary arteries. Under conditions of increased physical 
exertion, myocardial oxygen demand may increase so 
much that even intact coronary arteries cannot fully meet 
these needs. At the same time, cardiac muscle tissue is 
very sensitive to oxygen deficiency, due to a number of 
factors: high metabolic activity to maintain contractile 
activity, small reserves of myoglobin, glycogen and other 
energy substrates. In addition, some biologically active 
substances and hormones, in particular catecholamines 
and cortisol, can contribute to the narrowing of the cor-
onary vessels, and as a consequence, a decrease in the 
supply of the myocardium, impairment of their metabo-
lism and reversible damage.42–44

Another hypothetical mechanism underlying the 
release of cardiac troponin molecules from cardiomyo-
cytes is the formation of «blebbing vesicles» (membrane 
vesicles) on the surface of cardiomyocytes. These vesicles 
on the surface of myocardium and liver cells were first 
discovered by Schwartz et al (1984) in an in vitro experi-
ment using electron microscopy. The researchers noted 
that when ischemia is induced, the number of vesicles on 
the surface of cardiomyocytes increases, and when ische-
mia is eliminated, the vesicles are reabsorbed back into the 
cytoplasm.45 Presumably vesicles may contain cytoplas-
mic proteins of cardiomyocytes, including cardiac tropo-
nins. However, this mechanism has been described only in 
an experimental study in vitro and there is still no reliable 
evidence in favor of the existence of this mechanism 
in vivo.

Some existing diagnostic methods are based on the use 
of physical or psycho-emotional stress. Stress electrocar-
diography (stress ECG) and stress echocardiography 
(stress ECHO) with physical and pharmacological load 
are considered the most important tools for diagnosis of 
early coronary atherosclerosis (latent coronary heart dis-
ease (CHD)), and also allows to predict the unfavorable 
course of coronary heart disease (CHD).46–48 However, the 
sensitivity of these functional diagnostic methods (ECG, 
ECHO) is significantly inferior to the sensitivity of myo-
cardial damage biomarkers, especially high-sensitivity 
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cardiac troponins. Thus, these biomarkers can provide 
certain advantages. Several researchers have studied the 
kinetics of serum levels of highly sensitive troponins after 
stress tests. For example, Samaha et al (2019) examined 
the kinetics of hs-cTnT concentration (Roche Diagnostics 
Elecsys 2010) in patients (n = 48) after stress echo in 
a prospective study. Thirty-three patients underwent stress 
echo with exercise and 15 patients underwent pharmaco-
logical (dobutamine) stress echo. The maximum increase 
in hs-cTnT levels was observed 4–6 hours after the stress 
tests, with a more significant increase in concentration 
(∆hs-cTnT + 9.7 ng/L) after pharmacological stress (dobu-
tamine) than after physical stress (∆hs-cTnT + 2.3 ng/L).49 

Other researchers noted a direct correlation between the 
severity of CHD and the concentration of cardiac tropo-
nins both in serum and oral fluid. There was a correlation 
between the values of troponin I in blood serum and 
saliva.50–52 Considering the correlations between CHD 
severity and exercise intensity with troponin concentration 
in biological fluids,37,49–52 it can be suggested that tropo-
nin determination using highly sensitive immunoassays 
can detect latent myocardial ischemia more precisely and 
reliably than stress echo and stress ECG or become an 
important additional criterion for diagnosis and stratifica-
tion of CHD after stress tests. Besides, there are prospects 
of using oral fluid as biomaterial for these purposes. 
However, the works in this area are still few and the 
number of examined patients is relatively small. Further 
studies using larger samples are needed to refine the 
findings.

In some cases, troponin elevation during physical exer-
tion can complicate the differential diagnosis and lead to 
overdiagnosis of AMI. For example, Manjunath et al 
(2018) described a case of elevated troponin I (0.123 ng/ 
mL with a norm < 0.055 ng/mL) in a young patient 
admitted to the emergency department with chest pain 
characteristic of AMI. 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 and coronarography showed 
no signs of ischemia. Subsequently, careful history taking 
revealed that the young man is actively engaged in sports 
and ran several miles on the eve of admission.53

Thus, elevated troponins are often observed during 
physical exertion, which has been shown by moderately 
sensitive and highly sensitive methods of cardiac troponin 
determination. Highly sensitive methods report a much 

higher percentage of troponin-positive athletes than mod-
erately sensitive methods. Also, highly sensitive assays 
made it possible to detect troponins after psycho- 
emotional stress. Due to the frequent elevation of tropo-
nins during physical exertion, it may be difficult to make 
a differential diagnosis. However, a thorough medical his-
tory (in particular, sports history), as well as the use of 
additional diagnostic methods (ECG, ECHO) help to avoid 
overdiagnosis and, subsequently, unnecessary invasive 
diagnostic methods (coronarography), incorrect treatment 
and unnecessary costs for hospitalization. It should also be 
noted that the use of highly sensitive methods of troponin 
determination after stress tests (physical, psycho- 
emotional, pharmacological) has certain prospects for 
diagnosis and prognosis of latent forms of CHD, and 
needs further study.

Cardiac Troponins in Inflammatory 
Heart Diseases (Endo-, Peri-, and 
Myocarditis): Mechanisms of 
Elevation and Diagnostic Value
The main mechanism of increasing cardiac markers in 
myocarditis, particularly troponins, is associated with the 
direct cytotoxic effect of infectious agents (viruses, bac-
teria, etc.), toxins, and autoantibodies on cardiomyocytes. 
The concentration of cardiac troponins in myocarditis, 
their sensitivity and specificity vary widely. According to 
several studies, troponins determined by moderately sensi-
tive methods for the diagnosis of myocarditis had 
a sensitivity of 34–71% and specificity of 86–94%.54–56

Due to the high mortality rate of newborn infants and 
children from myocarditis, averaging 75 and 25%, respec-
tively, timely diagnosis and optimal therapy in the early 
stages is of vital importance.57 The clinical picture of 
infantile myocarditis is often asymptomatic or paucisymp-
tomatic under the guise of other diseases, most often acute 
respiratory viral infections. In this regard, the search for 
biomarkers for early diagnosis of myocarditis and assess-
ment of prognosis is considered a priority.57–59

Soongswang et al (2005) report a moderate diagnostic 
value of cardiac troponins in myocarditis in children. For 
example, serum troponin T levels > 0.052 ng/L have an 
analytical sensitivity of 71% and a specificity of 86% for 
the diagnosis of acute myocarditis in pediatric patients.56 

A large retrospective analysis of medical records of Chang 
et al (2019), which included 94 pediatric patients with 
acute myocarditis, found that fatal cases were much more 
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common in children with elevated levels of cardiac tropo-
nin I, creatine kinase MB isoform; however, elevated 
concentrations of these biomarkers were associated with 
arrhythmia, hypotension, acidosis and reduced LVEF. The 
vast majority of these patients died within the first 72 h. In 
multivariate analysis, very high cTnI levels (>45 ng/mL) 
and reduced LVEF were associated with a high risk of 
death, especially in the first 24 hours. According to the 
authors, the appointment of more intensive therapy is 
justified for pediatric patients with elevated concentrations 
of troponin I.60 In an observational study conducted by 
Abrar et al (2016), cTnI concentrations and echocardio-
graphy data had the greatest diagnostic efficiency, contri-
buting to the correct diagnosis. Troponin I levels also had 
high prognostic value. In the subgroup of deceased 
patients, mean serum cTnI concentrations (0.958±1.13 
ng/mL) were significantly higher than in the subgroup of 
surviving patients (p=0.0074). Along with troponins, 
levels of brain natriuretic peptide (BNP), hypotension 
and reduced ejection fraction were also associated with 
adverse outcome.61

High-sensitivity troponins have advantages over mod-
erately sensitive troponins, as well as several other bio-
markers and methods of myocarditis diagnosis. Thus, in 
a study by Ukena et al (2014) measured the concentration 
of hs-TnT, copeptin and N-terminal N-terminal proBNP 
(NT-proBNP) in patients with suspected myocarditis 
(n=70). All admitted patients were divided into 3 groups 
on the basis of endomyocardial biopsy data (“gold stan-
dard” for myocarditis diagnosis): a) acute myocarditis, b) 
chronic myocarditis, c) no inflammatory process in myo-
cardium. The highest mean levels and concentrations 
range of hs-cTnT (262.9 [61.4–884.2] pg/mL) were 
observed in patients with acute myocarditis, and they 
exceeded hs-cTnT levels both in patients with chronic 
myocarditis (20.4 [15.6–20.4] pg/mL; p<0.0001) and in 
patients without myocardial inflammation (19.5 [13.8– 
50.7] pg/mL; p<0.0001). Serum hs-cTnT levels ≥50 pg/ 
mL had the highest analytical sensitivity and specificity for 
the diagnosis of acute myocarditis. At the same time, 
serum levels of other biomarkers (copeptin and NT- 
proBNP) did not differ significantly in patients of all 
three subgroups, and thus were not effective for the diag-
nosis of acute myocarditis.62

The pathogenetic significance of viral persistence in 
striated cardiac muscle tissue is not definitively known. 
In many cases it is accompanied by asymptomatic chronic 
myocarditis which is extremely difficult to diagnose. It is 

possible to confirm this diagnosis and the presence of viral 
agents in myocardial cells using polymerase chain reaction 
(PCR), while endomyocardial biopsy is ineffective. Thus, 
Ukena et al (2014) examined the viral genome (entero-
viruses, adenovirus, herpes viruses and others) in the 
myocardium by PCR in patients with clinical symptoms 
of myocarditis. It is quite remarkable that in patients with 
positive PCR results indicating persistence of viral agents 
in myocardial tissue, serum hs-cTnT concentration was 
significantly higher than in patients with negative PCR 
results [(37.4 (21.9–163.6) pg/mL) versus (20 (14–44.4) 
pg/mL), p=0.042]. At the same time, endomyocardial 
biopsy revealed no signs of inflammation in many patients 
with positive PCR results.62 Thus, elevated levels of hs- 
cTnT may indicate the damaging effect of these viruses on 
myocardial cells and allow to detect signs of chronic 
myocarditis and persistence of viral particles in cardiac 
muscle tissue. So, the laboratory determination of hs-cTnT 
is a more effective method than the determination of other 
biomarkers (copeptin, natriuretic peptides, moderately sen-
sitive troponins) and endomyocardial biopsy, which “does 
not see” latent (weakly active) inflammatory processes in 
the myocardium.

However, in some research works in many patients 
with myocarditis no increase of cardiac troponins concen-
tration in blood serum was registered.54,63 On a basis of 
these data, an important question arises: Why do cardiac 
troponins have high sensitivity (90–100%) for ischemic 
myocardial damage (in AMI), but at the same time are 
less effective for diagnosis of inflammatory cardiomyocyte 
damage (in myocarditis)? This circumstance can be 
explained by several factors. Firstly, analytical character-
istics of troponin immunoassays (sensitivity and specifi-
city) significantly differ, and in serum of the same patient 
troponin concentrations when using different immuno-
chemical test systems will also differ greatly. This is due 
to the fact that test systems from different manufacturers 
may contain antibodies to different epitopes (antigenic 
determinants) of cardiac troponin molecules, while the 
cardiac troponin molecules in blood are in the form of 
a heterogeneous fraction (fragments of troponin mole-
cules, free molecules, oligomeric complexes, and their 
oxidized and phosphorylated derivatives) and the ratio of 
individual components is constantly changing under the 
influence of various factors.14,40 Secondly, autoantibodies 
to cardiac troponins may play a role in false-negative 
reduction of serum troponin levels in myocarditis. 
According to Matsumori et al (2011), there is 
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a significant increase in titers of autoantibodies to tropo-
nins in the blood of patients with myocarditis.64 

Autoantibodies to troponins play a role in the pathophy-
siology of cardiomyocyte damage and, also, are sources of 
analytical interference in the determination of troponins, 
binding epitopes of circulating troponin molecules, which 
makes them inaccessible for diagnostic antibodies 
included in immunoassays and leads to false-negative 
results.64–66

Endocardial and epicardial cells do not contain mole-
cules of cardiac troponins, but endocarditis and pericarditis 
are often accompanied by an increase in their serum levels, 
which is probably due to the involvement of myocardial 
tissue in the inflammatory process.67,68 Thus, Tsenovoy 
et al (2009) recorded an increase in troponin levels 
above normal values (>0.4 ng/mL) in 57% of patients 
with infective endocarditis. It is noteworthy that in- 
hospital mortality was higher among troponin-positive 
patients than in troponin-negative patients. In addition, 
the need for valve replacement surgery in patients with 
elevated levels of cardiac troponin I occurred significantly 
more often than in troponin-negative patients (51% versus 
15%; p<0.005).69 According to another retrospective 
study, troponin I was elevated in 65% of patients with 
infective endocarditis. Elevated levels of troponin I were 
also associated with a poor prognosis (combination of 
adverse events): death, myocardial abscess and CNS injury 
(p<0.001).70

According to a study by Imazio et al (2003) troponin 
I exceeded the upper reference limit (1.5 ng/mL) in 32% 
of patients with acute viral or idiopathic pericarditis. The 
authors note that in some patients the kinetics of serum 
troponin levels in pericarditis corresponded to the kinetics 
of troponins in myocardial infarction. There was also an 
increase in the concentration of creatine kinase MB and 
left ventricular regional wall motion abnormality 
(LVWMAs) according to echocardiography. These fea-
tures led to incorrect preliminary diagnoses in some 
patients at the admission stage. Elevated troponin I levels 
in patients with acute pericarditis were significantly asso-
ciated with younger age, gender (male), ST-segment ele-
vation, and pericardial effusion (p=0.007). At the same 
time, in this study, positive cTnI was not associated with 
poor prognosis in acute pericarditis,71 in contrast to the 
above studies on the prognostic value of cardiac troponins 
in myocarditis and endocarditis.

Gamaza-Chulian et al (2014) in their study revealed 
a higher prevalence of elevated levels of cardiac troponins 

in patients with pericarditis. Troponin T levels were ele-
vated in 61% of patients with pericarditis. At the same 
time, there were no deaths during hospital stay in troponin- 
positive patients with pericarditis.72

Thus, cardiac troponin levels can be elevated in quite 
a significant number of patients (according to many stu-
dies, more than 50%) with inflammatory myocardial dis-
eases (endocarditis, myocarditis, pericarditis). This should 
be taken into account by physicians in differential diag-
nosis to prevent misdiagnosis. Significant differences in 
the prevalence of elevated serum troponin levels in these 
nosologies are associated with the analytical characteris-
tics of the immunoassays used. Autoantibodies to cardiac 
troponin molecules in case of myocarditis, are also a very 
interesting cause of false negative results requiring further 
study. Cardiac troponins in endocarditis and myocarditis, 
but not in pericarditis, are very valuable prognostic 
biomarkers.

Cardiac Troponins in Pulmonary 
Embolism: Diagnostic Value and 
Mechanisms of Elevation
Pulmonary embolism (PE) is a frequent cause of troponin 
elevation. Approximately 50% of patients feel “coronary- 
like” pain, which leads to difficulties and errors in differ-
ential diagnosis.73,74

Results of a study by Giannitis et al (2000) led to the 
conclusion that prevalence of cardiac troponin concentra-
tion increase in PE depends on the volume of pulmonary 
vascular bed damage. Thus, in massive pulmonary embo-
lism, elevated troponin levels were recorded in 50% of 
patients, in submassive PE - 35%, and in nonmassive PE - 
just isolated cases. In addition, elevated cTnT levels in PE 
were associated with increased hospital mortality, cardio-
genic shock, and the need for resuscitation. Patients with 
PE and elevated cTnT levels were also much more likely 
to require inotropic support and mechanical ventilation 
compared with troponin-negative PE patients.75

A study conducted by Kilinc et al (2012) found that 
elevated cTnI levels (Beckman Coulter) were much more 
frequent in patients with a confirmed PE diagnosis (50.8% 
versus 11.6%; p<0.001), which indicates a moderate diag-
nostic value of cardiac troponins in case of PE.76 At the 
same time, by analogy with the research outcomes of 
Giannitis et al (2000)75 the troponin level also depended 
on the volume of pulmonary vascular bed damage. For 
instance, elevated cTnI levels were found in 80% of 
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patients with massive PE, 56% of patients with submas-
sive PE, and 38% of patients with nonmassive PE. The 
researchers found that elevated cTnI levels for the diag-
nosis of PE had the following analytical parameters: sen-
sitivity, 51%; specificity, 88%. When analyzing the 
diagnostic efficiency of a combination of elevated levels 
of cTnI and D-dimer, the sensitivity indicator reached 
93%, but the specificity decreased to 54%.76

According to a large meta-analysis that included 20 
clinical trials and involved 1985 patients, cardiac tropo-
nins have high prognostic value in PE. For example, 
among 618 patients with elevated cardiac troponin levels, 
122 died [(19.7%; 95% confidence interval (CI) 16.6– 
22.8)]. Whereas, among 1367 subjects with reference tro-
ponin values, mortality was much lower - 51 (3.7%; 95% 
CI 2.7–4.7). At the same time, the prognostic value of 
cardiac troponin I and cardiac troponin T was almost the 
same. According to the results of meta-analysis, high 
serum levels of cardiac troponins are significantly asso-
ciated with short-term mortality in patients with PE [odds 
ratio (OR) 5.24; 95% CI 3.28–8.38]. Even in the subgroup 
of hemodynamically stable PE patients, elevated serum 
troponin concentrations were also associated with a high 
risk of death (OR 5.90; 95% CI 2.68–12.95).77 Thus, 
focusing on the elevated concentrations of cardiac tropo-
nins in case of PE, it is possible to identify patients with 
a high risk of adverse outcomes. Many leading experts 
came to the conclusion that cardiac troponins have a high 
prognostic value in PE, which is reflected in clinical 
guidelines. In accordance with the Clinical Guidelines of 
the European Society of Cardiology (ESC) for the diag-
nosis and treatment of acute PE, cardiac troponins are 
recommended for predicting and stratification of risk in 
patients with PE.78,79

The kinetics of cardiac troponin concentration in PE 
differs from the kinetics of troponin concentration in AMI, 
and this may indicate different mechanisms of cardiomyo-
cyte damage and troponin levels elevation. According to 
the results of the study, positive cTnT levels were noted in 
56% of patients admitted with acute PE. After 10 hours, 
serum cTnT levels reached peak values (median 0.48 μg/ 
L), after which gradually decreased, and the duration of 
elevated values of troponin molecules circulation in the 
bloodstream was 30–40 hours. In myocardial infarction, 
troponin levels elevated to median concentrations (0.22– 
0.41 μg/L on average) much more slowly, with the curves 
characterizing the kinetics of cTnT concentration having 
several sharp up and down slopes and the duration of 

elevated values of troponin molecules circulation of more 
than 120 hours.80

High-sensitivity cardiac troponins have an advantage 
over standard moderately sensitive troponins, which was 
shown by Lankeit et al (2010). In this prospective study, 
the authors examined the prognostic value of moderate- 
and high-sensitivity troponin T (hs-cTnT) in patients with 
a confirmed PE (n=156). Hs-cTnT concentrations 
exceeded the 99th percentile (14 ng/mL) in about 65% of 
patients. Hs-cTnT levels above 99th percentile had excel-
lent negative and positive predictive values (NPV= 100%, 
PPV = 100%). Elevated serum hs-cTnT levels (>14 ng/L) 
were associated with a decreased probability of long-term 
survival in patients with PE (p=0.029). According to Cox 
regression analysis, hs-cTnT was the only biomarker pre-
dicting an increased mortality risk in the long term. 
However, in 50% of patients with poor prognosis, the 
concentration of moderately sensitive troponin T was 
within the normal range, and when using this marker for 
risk stratification, many patients could be mistakenly 
assigned to the group of patients with a favorable prog-
nosis. Thus, the results of this study emphasize the sig-
nificant advantage of high-sensitivity troponin T over 
moderately sensitive troponin T for risk stratification of 
patients with PE.81

Right ventricular (RV) dysfunction is one of the key 
indicators that determines the prognosis of patients with 
PE. Patients with PE and developed RV dysfunction have 
higher (2–5 times) probability of death, than patients with 
PE, but with no RV dysfunction. Since the concentration 
of cardiac troponins in the blood serum is associated with 
the degree of RV dysfunction, they can complement the 
data of echocardiographic examination or be used as an 
alternative to echocardiography to detect RV dysfunction 
in patients with PE.82 The association of serum troponin 
levels with the degree of RV dysfunction may indicate that 
cardiac troponin molecules are released predominantly 
from cardiac myocytes of the right ventricle as a result 
of reversible damage (nonmassive PE) or cell death (mas-
sive PE). Thus, the determination of the cardiac troponins 
concentration in PE is of great clinical importance. For 
instance, in a study by Cotugno et al (2017) it was dis-
covered that serum levels of cTnT and NT-proBNP were 
significantly higher in patients with acute PE and RV 
dysfunction than in patients with PE but no RV dysfunc-
tion. At the same time, NT-proBNP showed higher analy-
tical sensitivity in detecting RV dysfunction than 
moderately sensitive troponin T.83
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Establishing a short-term and long-term prognosis in 
patients with PE is important for optimizing the treatment 
and diagnostic process.84 For example, patients with favor-
able prognosis (lower or negative serum cardiac troponins 
levels) can receive less aggressive therapy and the duration 
of their hospital stay can be shortened. Although high- 
sensitivity cardiac troponins are much better suited for 
risk stratification in PE patients than moderately sensitive 
troponins, their use may further complicate the differential 
diagnosis of PE and myocardial infarction. This is due to 
a number of similar clinical symptoms, more frequent 
elevation of troponin concentrations, and some similarities 
in kinetics of troponin concentrations in PE and myocar-
dial infarction.

As an additional method to solve the problem of dif-
ferential diagnosis of PE and myocardial infarction, 
researchers Kim et al (2017) suggested to use D-dimer/ 
troponin I concentration ratio. In a prospective study 
including 771 patients with AMI and 233 patients with 
acute PE, researchers examined the diagnostic value of 
D-dimers, troponin I, and their ratio. An increase in 
D-dimer concentration was observed in half of the patients 
with AMI while increase in cTnI concentration was 
observed in 38% of the patients with PE. The upper 
threshold laboratory values for the differential diagnosis 
of PE and AMI were as follows: 1.12 mg/L for D-dimer 
(analytical sensitivity and specificity were 81.1% and 
70.2%, respectively) and 0.72 ng/mL for cTnI (analytical 
sensitivity and specificity were 80.6% and 78.9%, respec-
tively). When the D-dimer/cTnI ratio was used, the analy-
tical sensitivity and specificity in the diagnosis of these 
diseases were higher than when separate D-dimer and cTnI 
concentrations were used. Thus, the authors calculated that 
with a D-dimer/cTnI ratio >1.82, the analytical sensitivity 
and specificity for the differential diagnosis of PE and 
AMI were 93% and 86%. On the basis of these results, 
the researchers believe that invasive coronarography for 
differential diagnosis and clarification of the diagnosis 
could have been avoided in the majority of admitted 
patients.85

The mechanisms of elevated serum cardiac troponin 
levels in PE appear to depend on the severity of PE. It is 
assumed that in nonmassive PE, reversible damage of RV 
cardiomyocytes and release of cytosolic troponins pool 
through the cell membrane due to increased afterload 
occur.86,87 In submassive and massive PE, RV overload is 
much more pronounced and cardiomyocyte necrosis devel-
ops. Probably the cause of cardiac myocyte necrosis in PE 

are sharp overload and expansion of RV, which might lead 
to compression of small branches of coronary arteries, 
passing in myocardial tissue thickness, causing disruption 
of hemoperfusion and delivery of oxygen and metabolic 
substrates to myocardial cells.88 The existence of this 
mechanism is confirmed by the results of pathological 
studies, which revealed small foci of necrosis in the RV 
myocardium with intact coronary vessels.82,88,89

Cardiac Troponins in Chronic Renal 
Failure: Mechanisms of Elevation 
and Diagnostic Value
According to modern concepts, cardiac troponins can be 
considered as products of normal myocardial metabolism, 
and “there are no more troponin-negative patients”.40,90 

These concepts were formed due to the creation of the 
latest (highly sensitive and ultrasensitive) immunoassays 
for the detection of cardiac troponin molecules.91,92 For 
instance, ultrasensitive test systems, can detect cardiac 
troponin molecules in all healthy patients at concentrations 
below the threshold level (99th percentile). However, if 
this threshold is exceeded, troponin concentrations are 
considered abnormal and physicians should carefully 
review the possible causes of elevation.

The detection of cardiac troponins in healthy patients 
has led researchers to think about the possible causes of 
their release from cardiomyocytes under normal 
conditions.40 Also, the mechanism of elimination of tro-
ponin molecules from the bloodstream is a very significant 
factor that may affect the serum troponin concentration. 
Currently, the following methods have been established for 
elimination of troponins from blood serum:

1) In cells of the reticuloendothelial system (intracel-
lular cleavage by specific proteases);93,94

2) In serum (extracellular cleavage by proteolytic 
enzymes). It has now been proven that an enzyme of the 
hemostasis system (thrombin) causes specific cleavage of 
the troponin T molecule into two fragments;95–98

3) Renal (glomerular) filtration.99–101

Glomerular filtration is considered to be the most dis-
cussed and perhaps the key mechanism of cardiac troponin 
elimination in terms of clinical significance. According to 
some researchers, the involvement of the kidneys in car-
diac troponin elimination is highly controversial and 
doubtful, since cardiac troponin molecules were not 
detected in urine of most patients.99 Nevertheless, elevated 
cardiac troponin concentrations in patients with chronic 
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renal failure without any signs of cardiovascular disease 
have often been observed in clinical practice.100 These 
findings provide indirect evidence of renal involvement 
in the elimination of troponins from serum.

One of the most significant pieces of evidence for the 
role of renal filtration in elevating serum troponins is the 
CRIC (Chronic Renal Insufficiency Cohort) study, which 
included 2464 patients with chronic renal failure but with-
out overt signs of cardiovascular disease. Elevated hs- 
cTnT values were found in 81% of patients participating 
in this study. Lower glomerular filtration rate (GFR) was 
associated with higher troponin T concentrations: patients 
with GFR <30 mL/min had 3-fold higher troponin levels 
than patients with GFR >60 mL/min. The correlation 
between lower GFR values and higher troponin T levels 
is partly explained by the decreased renal clearance of 
troponin T. However, intact protein molecules of cardiac 
troponins are relatively large and must obviously be pre- 
fragmented into smaller molecules by proteolytic enzymes 
in order to pass through the glomerular filter. Small frag-
ments of troponin T are small enough and, presumably, can 
be filtered by the kidneys, and if renal filtration is 
impaired, these fragments will accumulate and make an 
important contribution to the elevation of serum troponin 
levels in CRF. Nevertheless, some patients with low GFR 
in the CRIC study had normal troponin T concentration, 
which indicates that impaired renal clearance is not the 
only reason for the rise in troponins in patients with 
CRF.100

Another confirmation of the dependence of serum tro-
ponin levels on GFR is the study by Wilhelm et al 
(2013)102 and Rosjo et al (2011),103 in which serum tro-
ponin and creatinine levels correlate: r=0.554; p<0.001 
and r=0.32, p<0.001, respectively. These data prove the 
relationship of elevated serum cardiac troponin levels with 
impaired renal elimination (decreased GFR) in patients 
with renal failure. However, these data provided just indir-
ect evidence for the role of kidneys in troponin 
elimination.

The first direct evidence was recently presented by 
Croatian researchers Pervan et al (2017). hs-cTnI (troponin 
I, high-sensitivity) was detected in the urine of all patients 
using a highly sensitive immunoanalyzer Abbott Architect 
i1000SR (USA), and in the morning urine portion of 
normotensive patients, the average concentration of hs- 
cTnI was significantly lower than in patients with high 
blood pressure (14.95 pg/mL vs 26.59 pg/mL; p<0.05). 
The researchers also noted that hs-cTnI levels decreased 

when blood pressure was lowered with antihypertensive 
drugs. Thus, according to the authors, the determination of 
hs-cTnI concentration in urine can be used as an additional 
method for the diagnosis and monitoring of arterial 
hypertension.104 Since blood pressure is one of the key 
factors in increasing GFR, this study can be considered as 
an additional reliable confirmation of the dependence of 
serum levels of cardiac troponins on GFR. Also, according 
to several clinical studies,102,103 serum cardiac troponins 
correlate with the levels of creatinine, an endogenous 
metabolite that used to calculate GFR as well.

The most likely reason why some researchers have 
failed to detect troponin in urine and thereby question 
the mechanism of renal elimination is the analytical sensi-
tivity of immunoassays.104,105 Thus, the levels of tropo-
nins in urine are small and range from only a few ng/L to 
several tens of ng/L - these concentrations can be detected 
only by highly sensitive and ultrasensitive immunoassays, 
while in conventional moderately sensitive methods used 
previously, the minimum detectable concentration was, as 
a rule, not less than 100 ng/l. Therefore, this low concen-
tration of troponin molecules in the urine remained as 
insignificant and “invisible” to standard moderately sensi-
tive immunoassays.

Other putative mechanisms responsible for the increase 
in cardiac troponins in chronic renal failure are 1) the 
“skeletal hypothesis”,6,106,107 2) the direct damaging effect 
on cardiomyocytes of toxins accumulated in CRF,108,109 3) 
myocardial volume overload and its hypertrophy.110,111

The skeletal hypothesis was proposed by several scien-
tists who discovered the expression of cardiac troponin 
isoforms in striated skeletal muscle. Researchers believe 
that in CRF, skeletal muscle fibers are altered (uremic 
skeletal myopathy), followed by reparative regeneration 
processes, during which the expression of cardiac troponin 
isoforms occurs. Some studies have also shown that the 
expression of cardiac-specific troponins in skeletal muscle 
is normal for the embryonic period of human develop-
ment. V. Ricchiutti and F. Apple (1999) reported the detec-
tion of cardiac troponin T messenger RNA in skeletal 
muscle biopsy specimen in 50% of patients with end- 
stage CRF.6 However, a study by Haller et al (1998) did 
not find cardiac troponin T isoforms in biopsy specimen of 
the anterior abdominal wall muscles in patients with 
CRF.106 A recent study also showed no traces of cardiac 
troponin expression in skeletal muscle.9 It can be assumed 
that earlier studies noting the expression of cardiac- 
specific troponins in striated skeletal muscle obtained 
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false-positive results because of the low specificity of the 
methods used. Therefore, the “skeletal hypothesis” is 
a dubious and unlikely mechanism for increasing cardiac 
troponins in patients with CRF.

Considering the presence of a correlation between the 
level of cardiac troponins and toxic products of nitrogen 
metabolism, including creatinine,102,103 it can be assumed 
that there is a direct damaging effect of these compounds 
on cardiomyocytes.

Also, with a prolonged course of CRF due to an 
increase in the volume of circulating blood, myocardial 
overload and gradually increasing hypertrophy of the heart 
muscle take place. With a sharp hypertrophy of myocar-
dium, narrowing of subepicardial branches of the coronary 
arteries may occur due to their mechanical compression, 
with subsequent damage and death of cardiomyocytes, 
which increases the release of troponin molecules. The 
existence of this mechanism is confirmed by pathological 
studies, in which foci of microinfarction and cardiosclero-
sis were identified in people who died from CRF.110,111 

Moreover, the volume of the myocardium determines the 
levels of highly sensitive troponins in healthy people, 
which is confirmed by the existence of gender character-
istics of the 99th percentile, according to which the con-
centration of cardiac troponins in men is approximately 
1.5–2.5 times higher than in women.14,112

According to the results of several large meta-analy 
ses,113–115 cardiac troponins in chronic renal failure have 
a high prognostic value, allowing to identify patients with 
an increased risk of general and cardiovascular death.

Therefore, CRF is a common cause of elevated cardiac 
troponins in clinical practice. The main mechanisms of 
increased cardiac troponins in СКА are considered to be 
impaired elimination of molecules from serum due to 
decreased GFR, direct damaging effect of toxic products of 
nitrogen metabolism, and increased myocardial hypertrophy. 
Another described mechanism (“skeletal hypothesis”) is con-
tradictory and unlikely. Cardiac troponins can be used in the 
management of patients with CRF to stratify risk.

Cardiac Troponins in Systemic 
Inflammatory Response (Sepsis): 
Mechanisms of Elevation and 
Diagnostic Value
Sepsis leads to damage to almost all organs and systems of 
the body, including the cardiovascular system, and causes 
the development of severe multiple organ failure.116 The 

mechanisms of cardiomyocyte damage and increasing 
serum cardiac troponin concentrations are very diverse. 
Myocardial ischemia can be considered as one of the 
mechanisms of increasing serum cardiac troponin levels 
in sepsis, which develops due to the imbalance between 
myocardial cell oxygen demand and its delivery. In con-
trast to the most common type 1 myocardial infarction 
(associated with atherothrombosis), myocardial ischemia 
in sepsis develops with no signs of acute atherothrombo-
sis, ie with intact coronary arteries. So, this mechanism of 
ischemia development is almost similar to the formation of 
ischemia in type 2 myocardial infarction. The imbalance 
between myocardial oxygen demand and its delivery is 
caused by a number of pathophysiological pathways, of 
which the most significant are fever, arterial hypotension, 
respiratory failure (respiratory hypoxia), disorders of acid- 
base and fluid and electrolyte balance, as well as micro-
circulatory disorders, which are accompanied by 
a decrease in hemoperfusion of all organs, including car-
diac muscle tissue. While the latter is one of the most 
vulnerable to a deficiency of oxygen and metabolic sub-
strates. Against the background of fever and arterial hypo-
tension, tachycardia intensifies, which in turn increases 
cardiomyocyte demand for oxygen and metabolic sub-
strates, while their delivery through coronary arteries 
may be reduced due to arterial hypotension. Under condi-
tions of oxygen deficiency, myocardial cells are forced to 
switch to anaerobic metabolism (glycolysis), which is 
accompanied by an increase in lactate formation and 
a shift of acid-base balance toward acidosis. Acidosis, in 
turn, causes additional disruption of enzyme proteins 
involved in energy (metabolic) pathways (Krebs cycle, 
Cori cycle, fatty acid oxidation, etc.) in myocardial cells. 
These mechanisms form a vicious pathogenetic circle that 
aggravates myocardial ischemia and, depending on the 
severity of such disorders, might lead to reversible or 
irreversible damage (necrosis) of cardiomyocytes and 
release of cardiac troponin molecules into the 
bloodstream.117–119

There are also other opinions concerning the mechan-
isms of cardiomyocyte damage in sepsis. For instance, 
some researchers suggest that the leading role in myocar-
dial cell alteration during systemic inflammatory response 
is played by inflammatory mediators, in particular tumor 
necrosis factor-alpha (TNF-α), interleukins-1, 6 (IL-1, IL- 
6) and others, as well as bacterial toxins (exotoxins and 
endotoxins), which have direct negative (cytotoxic) effect 
on cardiac muscle tissue cells.120,121 The evidence for the 
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existence of such a mechanism is presented in an experi-
mental study conducted by Kumar et al (2007). For 
instance, with the introduction of blood serum obtained 
from patients with sepsis and containing increased levels 
of the major mediators of inflammation (TNF-α, IL-1, IL- 
6, and others), a decrease in the amplitude and rate of 
cardiomyocytes contraction was observed.121

Microthrombosis of small branches of coronary arteries 
due to disorders of the hemostatic system and increased 
cardiomyocyte death by apoptosis caused by inflammatory 
cytokines and bacterial toxins can be additional mechan-
isms of troponin levels increase in sepsis patients.119,122 

Also, in some cases severe sepsis (septic shock) can be 
accompanied by severe multiple organ pathologies, includ-
ing renal failure,102,123 which, as described above, can lead 
to increased levels of cardiac troponins in blood due to 
their reduced elimination through the glomerular filter, as 
well as direct damage to cardiomyocytes by products of 
nitrogen metabolism.

Considering the above, it is obvious that the mechan-
isms of cardiac troponin elevation in systemic inflamma-
tory response are diverse and their complex contribution 
with predominance of a particular mechanism in 
a particular situation (for example, the cause of sepsis 
and/or the severity of sepsis) is very likely.

The diagnostic value of cardiac troponins in sepsis is 
clearly demonstrated by the results of meta-analysis124,125 

and several clinical studies.102,103 According to these stu-
dies, cardiac troponins are valuable prognostic markers. 
A large meta-analysis conducted by Bessiere et al (2013) 
with 13 clinical trials and 1227 patients with sepsis 
involved, showed that elevated serum cardiac troponin 
concentrations were significantly associated with a higher 
risk of death (OR 1.91; CI 1.62–2.24). Moreover, elevated 
serum levels of cardiac troponins were noted on average in 
61% (95% CI 58–64%) of patients with sepsis.124

In several studies, cardiac troponin levels of patients 
with sepsis were determined using high-sensitivity meth-
ods, and then diagnostic value was compared with tropo-
nin results determined using moderately sensitive 
methods. In a study by Rosjo et al (2011) the concentration 
of troponin T in 207 patients was assessed by the moder-
ately sensitive method (cTnT) and the highly sensitive 
method (hs-cTnT). Serum hs-cTnT levels were elevated 
in 166 (80%) patients, whereas cTnT concentration was 
elevated in only 86 (42%) patients.102 Thereby, high- 
sensitivity methods detect myocardial damage in a larger 
number of patients with sepsis compared to moderately 

sensitive immunoassays. Also, the research by Rosjo et al 
(2011) revealed a correlation of serum hs-cTnT levels with 
patients’ SAPS II score (r=0.27, p<0.001), severity of 
multiple organ dysfunction on SOFA scale (r=0.30, 
p<0.001) and serum creatinine levels (r=0.32, p<0.001) 
indicative of renal failure. In the subgroup of deceased 
patients, the median hs-cTnT values [0.054 (0.022–0.227) 
μg/L] were significantly higher (p=0.047) than the median 
hs-cTnT levels in the subgroup of surviving patients 
[0.035 (0.015–0.111) μg/L], which indicates the high prog-
nostic value of hs-cTnT. However, the levels of moder-
ately sensitive hs-cTnT did not differ significantly 
(p=0.14) in the subgroups of surviving and deceased 
patients. Quite remarkably, serum hs-cTnT levels in 
patients with severe sepsis (septic shock) were signifi-
cantly higher than in patients without septic shock [0.044 
(0.024–0.171) µg/L versus 0.033 (0.012–0.103) µg/L; 
p=0.03], which indicates that hs-cTnT levels can be used 
to determine sepsis severity. At the same time, serum 
levels of moderately sensitive cTnT in patients with septic 
shock and patients without septic shock did not differ 
significantly.102

According to Wilhelm et al (2014) elevated hs-TnT 
levels were recorded in 63% of patients admitted to the 
emergency department with sepsis. And higher concentra-
tions of hs-TnT were noted in those patients who had more 
severe sepsis (52.6 pg/mL) and septic shock (65.1 pg/mL), 
compared with patients who had uncomplicated sepsis 
(14.5 pg/mL; p<0.001). It should also be noted that hs- 
cTnT was elevated in 34.5% of patients with sepsis, but 
without renal insufficiency, which further suggests the role 
of other mechanisms (besides weakened elimination of 
cardiac troponins from the blood serum through the glo-
merular filter) in increasing serum hs-TnT levels in the 
systemic inflammatory response. It is also quite remark-
able that serum hs-cTnT concentrations were significantly 
correlated with several inflammatory markers, such as IL-6 
(r=0.193; p<0.005), procalcitonin (r=0.265; p<0.001). This 
may indicate that inflammatory cytokines make a certain 
contribution to the increase in serum hs-TnT levels due to 
the mechanisms of direct cytotoxic action and enhanced 
apoptosis. The correlation between hs-TnT and serum 
creatinine (r=0.554; p<0.001) noted by the authors con-
firms the important role of impaired renal function as 
a mechanism for increasing cardiac troponins in sepsis. 
Besides that, hs-cTnT levels closely correlated with the 
APACHE II severity of disease classification system scale 
(r=0.654; p <0.001) and in deceased patients serum hs- 
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TnT concentrations were significantly higher than in sur-
viving patients (AUC 0.72; p<0.001), which also confirms 
the high prognostic value of hs-TnT in patients with 
sepsis.103

This means that cardiac troponin levels can increase 
quite often in patients with, and the prevalence and degree 
of troponin elevation depends on the severity of sepsis and 
the presence of concomitant multiple organ pathologies, 
particularly renal failure. The increase in concentration of 
cardiac troponins in sepsis is based on the following 
mechanisms: ischemia of cardiomyocytes, apoptosis, cyto-
toxic action of inflammatory cytokines and impaired elim-
ination of troponin molecules from blood serum into urine 
through a glomerular filter. At the same time, the results of 
clinical studies show that it is better to use high-sensitivity 
cardiac troponins to assess the severity and prognosis of 
patients. However, due to the higher frequency of hs-cTnT 
elevation in sepsis, additional difficulties and doubts may 
arise in the differential diagnosis from other nosologies 
accompanied by elevated cardiac troponin concentrations.

Conclusion
On the basis of the conducted literature review, it can be 
concluded that there are a significant number of causes for 
cardiac troponin concentration elevation. The physiologi-
cal (heavy and intensive physical exertion, stress) and 
pathological (pulmonary embolism, inflammatory myocar-
dial disease, chronic renal failure and sepsis) conditions 
discussed in the article are quite common causes of 
increased cardiac troponin concentration. At the same 
time, modern highly sensitive methods for cardiac tropo-
nins determination detect troponin molecules more often 
and in a larger number of individuals engaged in heavy 
physical exertion or suffer from the aforementioned 
pathologies. Thus, for the sake of increasing one important 
criterion of laboratory diagnostics (sensitivity of immu-
noassays), the developers sacrificed another important cri-
terion for diagnostics (specificity of immunoassays). This 
circumstance should be taken into account by clinicians 
when interpreting the results of laboratory examination of 
patients admitted with suspected acute myocardial infarc-
tion. Otherwise, the likelihood of a misdiagnosis and the 
subsequent appointment of incorrect treatment will 
increase significantly. The mechanisms of elevating the 
concentration of cardiac troponins in the blood serum 
under these conditions are quite numerous and differ 
from the mechanism of elevating cardiac troponins in 
acute myocardial infarction. Understanding the specific 

mechanisms of high-sensitivity cardiac troponin concen-
tration elevation will not only improve the differential 
diagnosis of acute myocardial infarction from the above 
conditions, but also bring in additional diagnostic meth-
ods. For example, high-sensitivity troponins can be deter-
mined in serum or other biological fluids after physical or 
pharmacological exercise, and thus cardiac troponins can 
be used as markers of latent ischemic heart disease. 
Determination of serum cardiac troponin molecule concen-
trations can be used to detect cardiomyocyte damage in 
pulmonary embolism, inflammatory heart disease (endo-
carditis, myocarditis, pericarditis), sepsis, and chronic 
renal failure. Due to the fact that elevated levels of cardiac 
troponins reflect the degree of myocardial damage in these 
nosologies and have prognostic value, this additional diag-
nostic method will help to improve existing algorithms for 
the management of patients suffering from pulmonary 
embolism, inflammatory heart diseases (endocarditis, 
myocarditis, pericarditis), sepsis and chronic renal failure.
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