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Abstract

Cardiac troponins (cTn) T and I are biochemical markers of myocardial injury. In this systematic
review article, we aim to summarize the mechanisms and significance of cardiac troponin (cTn)
elevation unrelated to acute myocardial infarction (AMI) in the most frequently occurring non-
cardiac conditions, where the accurate interpretation of elevated cTn levels is often challenging.
Different mechanisms in non-cardiac conditions can cause non-ischemic myocardial injury.
Understanding the pathophysiology of c¢Tn release is an essential precondition for minimizing
unnecessary, costly, and potentially risky (cardiac) interventions and for providing timely and
appropriate medical care. Elevated cTn in critically ill patients, in patients with chronic
disease/conditions, is an independent predictor (risk factor) of cardiovascular and overall mortality.
Treatment of underlying conditions is of primary importance, and close monitoring for the
occurrence of cardiovascular complications during hospitalizations should be considered in these
patients. Also, when the patient recovers from the underlying disease, clinical judgement should be
employed to decide whether, and to what extent, further cardiological evaluation is indicated.

Keywords: cardiac troponin; non-cardiac conditions; prognosis

Introduction

Cardiac troponins T and I (cInT and cTnl) are regulatory proteins located in cardiomyocytes
that are released when cardiomyocyte injury occurs. Since cITnT and cTnl are expressed exclusively
in myocardial tissue, their elevated levels in the serum are considered ideal markers for the detection
of myocardial injury [1,2]. Myocardial injury can be acute and chronic [3,4]

Acute myocardial injury can be ischemic and non-ischemic and does not always lead to
irreversible necrosis with scar formation [3,5]. Acute myocardial infarction (AMI) is one form of
acute myocardial injury that is caused exclusively by ischemia. According to the Fourth Universal
Definition of Myocardial Infarction, an elevated cardiac troponin (cTn) level is necessary, but not the
only criterion for diagnosing AMI; at least two other criteria in addition to elevated c¢Tn are required
for establishing the diagnosis of AMI [4]. When there are sufficient criteria for diagnosing AMI, the
next step is to categorize AMI as ST-segment elevation myocardial infarction (STEMI) or non-STEM],
and then further distinguish it into 5 groups based on the mechanisms of ischemia [1,4,6,7]. Acute
myocardial injury is frequently encountered in different clinical conditions, and especially in
critically ill patients. Although elevated cTn level in these patients may be caused by myocardial
ischemia due to severe anemia or hypoxemia (the so-called type II AMI), it is most often caused by
non-ischemic acute myocardial injury. Regardless of the cause, an elevated cIn level in acute
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myocardial injury is characterized by a rise and fall in the ¢Tn level (the so-called dynamic change)
[1,4].

Chronic myocardial injury can be found in some chronic conditions/diseases. It is characterized
by a constant small increase (above the reference value) in the serum cTn level, and the absence of
dynamic change [1,4,8,9].

Emergency departments and intensive care units often test cIn values independently of patients'
symptoms or other clinical characteristics. According to data found in literature, testing for cTn is
ordered in 16.9% of patients presenting in emergency departments (ED) in the United States.
However, chest pain or chest pain equivalent symptoms account for approximately 5.3% of these
patients [10]. Also, more than 50% of the said patients with an elevated cTn level are without AMI,
suffer from non-ischemic myocardial injury [3,6,11,12]. These data show that it is unnecessary to test
cIn in many patients, especially those with low pre-test probability for the presence of coronary
artery disease [13-15].

Understanding the mechanisms that lead to elevated serum cIn levels is important for the
differential diagnosis of myocardial injury. If the increase in cTn is equated with AMI without
considering other possible causes, a therapeutic problem may arise. Therapies approved for AMI are
very often contraindicated and may actually harm patients with certain diagnoses, such as peptic
ulcer, severe anemia, or intracranial hemorrhage. Also, by focusing solely on the diagnosis of
coronary artery disease, the presence of another disease or condition that requires specific treatment,
and wherein an increase in cTn, ie. a non-ischemic myocardial injury, has occurred, may be
overlooked. Although elevated cTn levels often present interpretative challenges in patients with
non-cardiac and multifactorial conditions, an increased c¢Tn value can almost always be correctly
interpreted and explained through careful clinical evaluation of the patient [16-23].

This review aims to present the most important pathophysiological mechanisms leading to
myocardial injury and the increase in serum c¢Tn concentration, as well as to discuss the significance
of elevated cTn unrelated to myocardial infarction in different non-cardiac conditions.

Mechanism of ¢Tn Release into the Serum

Troponins are present in cardiomyocytes at two sites — in the contractile apparatus and in the
cytosol of the cell, where only a small portion (about 5%-8%) can be found. The cytosolic ¢In pool,
which is weakly bound to myofilaments, is called the easily releasable pool. From this easily releasable
pool, cTn is readily released into the serum during normal cellular turnover (regeneration and
renewal of myocardial cells), in conditions that increase cell membrane permeability (such as
hypothyroidism), during myocardial strain or stress, and under strong sympathetic stimulation via
beta-adrenergic receptors. The release of cIn from the easily releasable pool during normal cell
turnover accounts for the small amount of circulating cTn (within the cut-off values) found in the
serum of healthy individuals [2,24-26]. Mildly elevated cTn levels during minor, reversible
myocardial injuries wherein the cell membrane remains intact (the so-called leakage) arise due to the
activation of the calcium-sensitive protease — calpain, which degrades cTn into smaller fragments.
These degradation products, due to their reduced size may exit from cells more easily and rapidly
than the intact ¢cIn molecule. Clinical conditions causing leakage of cIn from cardiomyocytes can
sometimes lead to transient myocardial dysfunction [3,25-28]. Also, calpain activation may explain
the modest and persistent elevation of c¢In in serum which occurs in patients with systemic
inflammatory processes [1,24].

If the process of myocardial tissue injury continues, in the next phase, degradation of the
contractile apparatus (sarcomere) and cell necrosis occur, and a smaller or larger scar may form.
Myofibrils are repeating units of Ca2+-activated ATP consuming sarcomere and constitute 50-60%
of cardiomyocyte volume. If Ca2+ leaks in the cytoplasm, as a consequence of myocardial cell injury,
the sarcomeres contract and consume all ATP resulting in cardiomyocyte cell necrosis and release of
cTn with other cellular contents [29].
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Every acute myocardial injury is accompanied by a dynamic change in serum cIn levels
(baseline value vs. subsequent value). An expert consensus group has recommended that serial
changes greater than 20% be used to define significant change (e.g., cIn dynamics) [4,17]. An elevated
serum cTn level usually is detected 7-14 days after acute myocardial injury, but it may persist for 7-
21 days (so called troponin kinetics). This is particularly true when there is a larger zone of
myocardial necrosis and/or when myocardial blood flow is not adequate [1,2]. There is no significant
difference in cTn kinetics between patients with AMI and patients with acute non-ischemic
myocardial injury [30]. Only in cases, when there are scattered small zones of acute myocardial injury,
elevated serum cTn levels may be detected only a few days (and sometimes only 24 hours) after the
injury [2].

In conditions that lead to chronic myocardial injury, the dominant source of serum cTn is the
easily releasable pool, while a significantly smaller amount is released through the degradation of
the contractile apparatus, resulting in so-called micro-necroses without scar formation. In chronic
myocardial injury, serum cTn levels are constant, i.e., without dynamic change, and can be
continuously detected [4].

Finally, released into the bloodstream cardiac troponins or their fragments circulate some time
and then they are eliminated. The exact mechanism for cTn elimination is not completely understood,
but it probably include: reticuloendothelial system, cleavage of cTn molecules by proteolytic enzymes
directly in the bloodstream and elimination through glomerular filtration. There are also some data
that cInT and I are eliminated across blood-salvary barriers. However, the specific mechanism is not
determined, but this can be the explanation for elevated cTn concentration in the oral fluid in patients
with AMI [24].

Basic Facts about Laboratory Detection of ¢Tn in the Serum

High-sensitivity ¢ITn assays (hs-Tn) for determining the troponin level are recommended by
guidelines as they are more sensitive than standard assays; they allow detecting very low, but
diagnostically significant concentrations of ¢cI'n molecules in the blood serum [4,17,31-34]. High-
sensitivity Tn assays differ from many other laboratory assays in that the assay-specific 99t percentile
for healthy population, rather than a precisely defined upper cut-off value, serves as the diagnostic
cut-off value for myocardial injury. Cardiac troponin levels in the serum concentration less than 99th
percentile are considered as normal myocardial metabolites [24]. The upper cut-off value, i.e., the 99t
percentile for healthy individuals, indicates that, at the time it was defined, it excluded individuals
with any cardiovascular or other diseases and conditions (including well-managed hypertension,
smoking, use of various medications, etc.) and that it differs for each assay. There is some evidence
that the 99t percentile value in the healthy population may vary depending on age and sex; however,
adjusting the reference limits by age or sex is not currently recommended, either in the biochemical
or clinical approach [21,35].

Biochemical evidence indicates that injuries and diseases of the aorta and smooth muscle organs,
such as those of the gastrointestinal system, urinary bladder and skelethal muscle disorders, can lead
to the release of proteins into the serum that are detected as cInT in laboratory tests. This explains
elevated cTnT levels in cases of aortic dissection, bladder injury, ileus, and similar conditions
[1,2,4,36]. On the other hand, increases in cTnl values have not been reported following the injury of
non-cardiac tissues (the so-called ¢cTnT/I mismatch) [4].

Finally, (rarely) falsely elevated cTn levels in the serum can be detected in the laboratory and
there are few reasons for this. Biological interference in otherwise healthy individuals may occur if
so-called macrotroponins or heterophilic autoantibodies are present in the serum. The presence of
these molecules shifts the 99t percentile value for the healthy population toward higher levels.
Routine testing for these autoantibodies is not recommended, except in cases of repeatedly mildly
elevated hs-Tn values without clinical explanation [5,23,35]. The presence of rheumatoid factor in
serum is detected in around 5% of healthy persons. Approximately 1% of healthy persons with
positive rheumatoid factor in serum have elevated cTnl solely because of the rheumatoid factor and
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using rheumatoid-blocking agents can be used if this situation is suspected. Excess fibrin is another
reason for falsely elevated cTnl levels. There are three possible biochemical approaches to correct this
interference: heparinizing the tubes before analysis, removing excess fibrin by repeating
centrifugation and adding specific serum which contains protamine sulfate, thrombin and snake
venom [5]. Interference with microparticles can also be avoided with repeated centrifugation. And
finally, the malfunction of the analyzer can cause falsely elevated cTn levels [5]. The reasons for
genuinely and falsely elevated cTn levels in the serum are shown in Table 1.

Table 1. Mechanisms that lead to cTn elevation in serum.

Increased membrane permeability

Myocardial cell necrosis

Myocardial cell apoptosis

Decreased cTn clearance (elimination)

There are different assays for measuring hs-cTnl and one for measuring hs-cTnT levels. The
analytical sensitivity (limit of detection) of hs-cTnl and hs-nT assays varies 10-fold, and values from
one assay cannot be directly compared with those from another assay. Also, values may differ
between assay generation or changes can even occur when the same assay reagents are measured on
different instruments. Although there are biochemical differences among them, in clinical practice,
there are no significant differences, and detection of both hs-cTnl and hs-cInT is used equally in
everyday clinical practice, except in specific (and already known) clinical conditions such as skelethal
muscle disorders/diseases in which hs-cTnl level should be determined to check if weather heart is
also involved [4].

Pathophysiological Mechanisms and Clinical Conditions Other than AMI
Causing Genuinely hs-cTn Elevation

Acute and chronic clinical conditions that cause elevated cTn levels are presented in Table 2.
They can be classified as cardiac conditions (other than acute myocardial ischemia) and other non-
cardiac and multifactorial conditions. Non-ischemic myocardial injury in all of these
diseases/conditions may result from a single pathophysiological mechanism, but more often arises
from a combination of several mechanisms. Although elevated c¢Tn levels in the serum reflect acute
and chronic myocardial cell injury, they do not indicate the underlying pathophysiological
mechanisms [4]. Non-cardiac conditions wherein cTn elevation can be found are presented in Table
2.

Table 2. Reasons for laboratory detection of elevated hs-cTn in the serum (above 99th percentile).

Genuinely elevated

cTn leakage from the easily releasable pool

Release from the myofibril-bound troponin pool (apoptosis, necrosis)

False positive/elevated

Presence of heterophilic antibodies in the serum
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Rheumatoid factor in the serum

Microparticles

Hemolysis

Elevated alkaline phosphatase

Fibrin clot in the serum

Malfunction of the analyzer

Table 3. Non-cardiac conditions that can present with genuinely elevated cTn levels (unrelated to myocardial

infarction).

Critically ill patients

Sepsis/septic shock/systemic inflammatory response syndrome (SIRS)

Acute pancreatitis

Burns (affecting >30% of body surface area)

Acute brain injury - ischemic stroke, subarachnoid hemorrhage, intracranial hemorrhage

Chronic kidney disease

Acute kidney injury

Hyper- or hypothyroidism

Strenuous exercise

Neuromuscular disease (only cTnT)

Myositis (only cTnT)

Rhabdomyolysis (only ¢InT)

Table 4. Mechanisms of non-ischemic myocardial injury that lead to cTn elevation in conditions presented in
Table 2 .

Direct cell damage

Catecholamine excess (via betal-adrenergic receptors)

Increased ventricular wall tension and strain

Myocyte trauma
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Sepsis and Systemic Inflammatory Response Syndrome (SIRS)

Sepsis is a life-threatening condition characterized by a dysregulated immune response to
infection, leading to multiple organ dysfunction, including cardiac involvement [37]. According to
data from the literature, elevated serum hs-cTn levels are found in 36% to 85% of patients admitted
to hospital with sepsis or systemic inflammatory response syndrome (SIRS). The varying prevalence
of patients with elevated cTn values is most likely due to differences in the causative agents of sepsis,
the varying degrees of immune response, and the use of different laboratory assays for determining
serum cIn levels (high-sensitivity or standard assays) [37].

Information on chest pain is often unobtainable in patients with sepsis/SIRS (patients on
mechanical ventilation, sedated patients, patients with delirium, etc.), and transient ECG changes,
most commonly T-wave abnormalities, may be present. Although it is possible for a patient with
sepsis/SIRS to develop AM]I, in almost all patients with elevated cTn values after completion of sepsis
treatment, angiography has excluded the presence of significant coronary artery disease. These
findings indicate that acute myocardial injury in sepsis and/or SIRS is predominantly of non-ischemic
origin [25].

Non-ischemic acute myocardial injury in sepsis/SIRS may occur for several reasons [1,11,25].
Elevated levels of circulating catecholamines and inflammatory cytokines, such as tumor necrosis
factor-alpha (TNF-ay), interleukin-1 (IL-1), and interleukin-6 (IL-6), can cause the formation of reactive
oxygen species (ROS). ROS interact with phospholipids in cell membranes, altering membrane
permeability and promoting the extracellular leakage of cytosolic proteins. Inflammatory cytokines
TNF-alpha, IL-1, IL-6 cause degradation free cTn in cytosol (calpain activation) to low molecular-
weights fragments, which are then released into systemic circulation through highly permeable cell
membrane of cardiac myocytes [38]. The detection of these small cIn fragments may be the
explanation of troponinemia in the absence of myocyte necrosis [1]. Furthermore, IL-6, TNF-a, and
catecholamines induce a hypercatabolic state, stimulating muscle fiber proteolysis and necrosis, most
notably in skeletal muscle but also in cardiac myocytes, thereby contributing to overall catabolic
stress. TNF-a can also cause cardiomyocyte apoptosis [38]. Bacterial endotoxins may exert direct
cardiotoxic and/or cardiodepressive effects [39,40]. In addition, due to hemodynamic
alterations, patients with sepsis/SIRS experience significant myocardial mechanical stretch, which can
also increase cell membrane permeability without causing necrosis [4,7]. Finally, acute kidney injury
(AKI) and exacerbation of chronic kidney disease, through their specific pathophysiological
mechanisms, can lead to myocardial injury accompanied by cTn release [1].

Patients exhibiting elevated cTn levels during sepsis or SIRS are frequently found to develop
sepsis-induced cardiomyopathy. This condition is characterized by a spectrum of cardiac
abnormalities, including left ventricular dilation, a reduced left ventricular ejection fraction (LVEF)
with normal or increased filling pressures, and right ventricular dysfunction. In a study involving 58
consecutive patients admitted to the ICU with sepsis, all individuals with an LVEF <45%
demonstrated elevated cTn levels, with higher concentrations observed in those with a more severely
reduced LVEF [37].

The therapeutic approach for patients with sepsis/SIRS, elevated cIn, and sepsis-induced
cardiomyopathy primarily involves treating sepsis using evidence-based, guideline-directed
therapy. Cardiological treatment is based on providing recommended treatments for any
complications that may develop (e.g., heart failure, arrhythmias, etc.) [1]. Myocardial function usually
recovers within 7-10 days if the underlying condition is resolved [4,39,40].

Elevated cTn Levels in Acute Neurological Conditions

Acute brain injury, including ischemic stroke and intracranial hemorrhage, may lead to elevated
cTnlevels as a result of acute myocardial injury [41-45]. Elevated cTn levels are observed in 30%-60%
of patients during the early phase of ischemic stroke and also in patients with subarachnoid
hemorrhage [41,42]. Although official guidelines recommend measuring cTn levels in all patients
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with stroke, there are no clear guidelines on how to manage patients with elevated cTn, or which
further diagnostic workup, if any, should be performed [45].

Several reasons can lead to elevated cTn levels in patients with acute brain injury: acute non-
ischemic myocardial injury as part of stroke-heart syndrome, acute myocardial infarction (given that
ischemic stroke and coronary artery disease share almost identical risk factors) and stress-induced
cardiomyopathy (Takotsubo syndrome) [43]. However, coronary angiographic findings have shown
that only a small percentage of patients with ischemic stroke and elevated c¢In have significant
coronary artery stenoses, indicating that the majority of cases are due to (non-ischemic) stroke-
associated myocardial injury [42,45].

The most frequently observed pathophysiological mechanisms leading to stroke-associated
myocardial injury are the following: a catecholamine surge caused by centrally mediated release of
catecholamines in response to hypoperfusion of the posterior hypothalamus, and neurogenic cardiac
damage in patients with stroke affecting the insular cortex, which plays a central role in the
autonomic control of cardiac function [1,44]. Brain regions associated with specific cTnT elevations
include the right posterior, superior, and medial insula, as well as the right inferior parietal lobe.
Excessive catecholamine (and cortisol) levels lead to increased sarcoplasmic calcium influx, resulting
in consecutive hypercontraction of sarcomeres, metabolic and oxidative stress, and electrical
instability. There are also inflammatory responses associated with stroke. All these pathological
processes can induce cardiomyocyte apoptosis, contraction band necrosis and an interstitial
inflammatory reaction in the myocardial tissue. Cardiac dysfunction, including transient wall motion
abnormalities (other than stress-induced Takotsubo cardiomyopathy) and reduced ejection fraction
(EF), is frequently observed in patients with acute stroke and other severe acute neurological
conditions who have dynamic elevations of cTn [46].

Elevated cTn levels in patients with acute brain injury should always be interpreted with
caution, and conclusions regarding the potential cause should be made only after a multidisciplinary
assessment of the patient. Such an approach is absolutely necessary in this patient population because
dual antiplatelet therapy carries a risk of secondary intracerebral hemorrhage in patients with
ischemic stroke, and in young patients with intracranial hemorrhage who have a very low likelihood
of coronary artery disease, the use of antiplatelet therapy is absolutely contraindicated [1,43].
Therapeutic options for this form of acute myocardial injury lack scientific evidence and are limited
to symptomatic treatment [46].

Troponin Elevation in Acute and Chronic Kidney Disease (CKD)

Reduced kidney function, whether due to chronic kidney disease (CKD) or the development of
acute kidney injury (AKI), is of particular importance when interpreting elevated cTn levels. It has
been reported that over 50% of patients with severe CKD and over 75% of hemodialysis patients have
elevated serum cTn of varying degrees. The mechanisms of ¢Tn elevation are complex and, beyond
reduced cTn clearance, likely include left ventricular hypertrophy, myocardial stretch,
cardiomyocyte apoptosis, or direct toxic effects on cardiac and skeletal muscles associated with the
uremic state [47-49]. Two studies found that ¢Tn in serum in patients with CKD only existed in the
free intact form (and not in the fragmented version) [50,51].

Numerous studies have shown a correlation between serum cTn levels and serum creatinine
levels [33]. Furthermore, according to the majority of published analyses, in hemodialysis patients,
cTn levels do not depend on the timing of dialysis, i.e., significant decreases or normalization of cTn
are not observed after hemodialysis. Although some data indicate that cTn levels may slightly drop
after hemodialysis, they do not reach the normal baseline values (defined by the 99t percentile of the
healthy population) [2,47]. The methodology and type of dialysis may influence cTn levels by either
resulting in more cardiac injury or actually cleaning cTn molecules or fragmenting them, so they are
no longer recognizable for laboratory assays [47].

In patients on hemodialysis, it has been observed that the elevation of c¢InT levels is more
frequent than the elevation of ¢Tnl levels. This can be explained by a specific mechanism: cInl, but
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not cTnT, adheres to the dialyzer membrane during hemodialysis. This phenomenon was first
described with polysulfone dialyzer membranes, and since these membranes are not the only type
used for hemodialysis, it suggests that ¢cInl may also adhere to other types of synthetic dialysis
membranes [3,5].

In addition to the kidneys, cTn can also be eliminated extrarenally via the reticuloendothelial
system (RES) via scavenger receptors. Since not all patients with CKD have elevated cTn levels, and
because the levels of elevated cTn vary among patients (with some showing higher and others lower
values), it is believed that individual patients have differing extrarenal clearance via scavenger
receptors. This phenomenon is likely due to genetic variations in scavenger receptors, and its
significance remains a subject of further research [2].

Strenuous Exercise

Elevated cTnT and cTnl levels can be detected after strenuous and ultra-endurance exercise (e.g.,
long-distance running or triathlon) in almost all individuals (professional athletes and amateur
runners or triathletes) [24,25,33,52,53]. Higher c¢Tn levels have been registered in marathon runners
who were men, older age and had less athletic experience. Also, the degree of hs-cTn elevation was
related to the intensity and duration of physical exertion [32].

It has been reported that elevated cTn levels upon intense exercise decline rapidly, 24 hours after
rest, and faster than cTn elevations caused by other forms of acute myocardial injury. The initially
proposed mechanisms include increased myocardial stress/strain with “leakage” of cIn from the
easily releasable pool through intact cell membranes, excessive reactive oxygen species (ROS)
production, acid-base imbalance and passive transport of c¢In from intracellular to extracellular
compartment, although the possibility of cardiomyocyte injury leading to apoptosis has also been
suggested [25,33,52,53]. In addition to these mechanisms, so-called transient ischemic acute
myocardial injury may also occur due to extremely high myocardial oxygen demand during
strenuous exercise. The kinetics of cTn levels in serum after strenuous exercise differ from the kinetics
seen in acute myocardial injury from other causes: after physical activity, elevated cTn levels persist
for only 1-3 days [32].

Skeletal Muscle Disorders

In inflammatory skeletal muscle diseases, as well as in rhabdomyolysis, elevated cTnT levels can
be detected in over 85% of patients, whereas cTnl levels are rarely registered. The initial explanation
for these findings was that older ¢InT laboratory assays exhibited cross-reactivity with certain
troponin T epitopes released from skeletal muscle. However, even with the refinement of laboratory
assays and the introduction of hs-cTnT, elevated cTn levels are still being detected in the absence of
myocardial injury [54].

It is believed that the specific mechanism leading to the detection of hs-cTnT involves re-
expression of the TNNT2 gene, which encodes cTnT in skeletal muscles that exhibit active disease on
biopsy, as well as during tissue repair. This leads to the conclusion that an elevated cTnT level in
patients with skeletal muscle disorders is genuine, i.e., it is not falsely elevated. However, the
presence of a cTnT/I mismatch indicates that the source of the elevated ¢TnT is not myocardial tissue.
This is why cTnl measurement is recommended for diagnosing myocardial injury in patients with
skeletal muscle diseases and/or rhabdomyolysis [54].

The Clinical Significance of ¢cTn Elevation in Patients with Non-Cardiac
Diseases
Critically ill patients and patients with sepsis/SIRS who have elevated cTn levels usually present

with multiple comorbidities and a higher Charlson comorbidity index compared with patients with
the same conditions but without elevated cTn. Their hemodynamic status is worse, in the sense of
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more frequent hypotension, tachycardia, and hypoxemia. On ECG, atrial fibrillation or
nonspecifically prolonged QRS complexes are more commonly observed [12,16].

Elevated cTIn in critically ill patients and those with sepsis/SIRS reflects the severity of the
underlying disease and serves as an independent predictor of both in-hospital and long-term
mortality [6,11,16,20,29,33,55-63]. In a study by Lim et al., cT'n was elevated in 43% of non-cardiac
ICU patients, and these patients had a 250% higher mortality compared with patients without
elevated cTn levels [61]. In patients with sepsis/SIRS, thirty-day mortality was four times higher in
those with elevated cTn levels, as compared to patients whose cTn levels were within the reference
range [57]. This finding is expected, as elevated ¢Tn in patients with sepsis indicates the development
of sepsis-induced cardiomyopathy. Since elevated cTn is a biomarker of poor prognosis in critically
ill patients, the question has been raised regarding the practical application of this finding and the
use of cTn in improving risk stratification for these patients. Studies have shown that higher cITn
levels are associated with increased Sequential Organ Failure Assessment (SOFA) and Acute
Physiology and Chronic Health Evaluation (APACHE) II scores in critically ill patients admitted to
the ICU [16,26]. These findings initially suggested that incorporating elevated c¢Tn levels might
improve risk prediction models for critically ill patients [33,59-62] . However, adding cTnl values to
the APACHE II score did not enhance its predictive performance [26]. Given the cost of testing and
the lack of additional benefit compared to existing prediction models, routine measurement of cITn
in all ICU patients is not recommended. If there is any suspicion of developing cardiac complications
in critically ill patients — such as unexplained hemodynamic instability or the occurrence of
arrhythmias — measuring serum cTn levels is justified, since these patients may benefit from closer
hemodynamic monitoring, more aggressive treatment of the underlying condition, and the
introduction of cardiac medications such as beta-blockers or ACE inhibitors, when clinically feasible
[26].

In patients with ischemic stroke, elevated cTn levels are associated with poorer functional
outcomes, more than a twofold increase in mortality, and a higher risk of major cardiovascular events
during both short- and long-term follow-up. Moreover, elevated hs-cTn levels are also linked to the
degree of severity of cerebral small vessel disease and impaired cognitive function. Elevated cTn level
in patients with acute ischemic stroke may be associated with left ventricular systolic dysfunction
and is also an independent predictor for mortality [46]. Similar findings are reported among
patients with subarachnoidal hemorrhage. One retrospective study of 617 consecutive patients
showed increased mortality in patients with elevated cTnl level (as compared with patients with no
cTInl elevation) [63]. All patients with elevated cTn and ischemic stroke should undergo 24-hour
Holter ECG monitoring and echocardiography. Given that patients with ischemic stroke are generally
at high risk of cardiovascular disease, they require continued follow-up by both a cardiologist and a
neurologist. A similar approach is recommended for patients with intracranial hemorrhage and
elevated hs-cTn levels [42].

In patients with CKD, persistently elevated hs-cTn is a predictor of many adverse events,
including incident heart failure, cardiovascular mortality, and all-cause mortality [33]. Previous
analyses have demonstrated the negative prognostic impact of elevated cTn levels in patients with
CKD and a significant correlation with left ventricular systolic dysfunction [44]. The large National
Institutes of Health (NIH)-sponsored multicenter Chronic Renal Insufficiency Cohort (CRIC) study,
which included 3,243 well-characterized subjects, provided the most definitive data regarding
baseline hs-cTnT levels, their cross-sectional associations with cardiovascular risk factors,
echocardiographic evidence of cardiac abnormalities, and longitudinal outcomes [64-67]. In this
cohort, hs-cTnT was detectable in 84% of CKD patients; higher levels were strongly and
independently associated with left ventricular hypertrophy (LVH) and, to a lesser extent, with left
ventricular systolic dysfunction, as assessed by echocardiography [64]. Longitudinal outcomes from
the recently published CRIC study showed increased incident heart failure (adjusted HR 4.77, 95%
CI 2.49-9.14) when comparing patients with normal hs-cTnT levels to those in the highest quartile of
hs-cTnT after a median follow-up of six years [63,64]. These findings confirmed the results from the
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earlier large PREVEND observational study involving 1,505 patients, mostly with mild CKD, which
reported similar findings, although it lacked detailed structural cardiac data apart from LVH defined
by ECG criteria. In the PREVEND study, elevated hs-cTnT remained a significant prognostic marker
of cardiovascular events, after adjustment for demographics, kidney function, urinary albumin
excretion, cardiovascular risk factors, and ECG abnormalities [66,67]. Additionally, in patients
undergoing kidney transplantation, elevated pre-transplant ¢Tn levels have been shown to correlate
with an increased risk of post-transplant mortality and adverse cardiovascular events, independent
of other risk factors [68]. Overall, cardiac troponins can be valuable in the management of CKD
patients by aiding in more accurate cardiovascular risk stratification [32].

The diagnostic value of elevated cTn levels following physical exertion remains controversial,
and discussions on this topic are still ongoing. Elevated cTn levels after intense exercise is more likely
to reflect the heart adaptation to significant and prolonged physical exertion, rather than permanent
cardiac damage [52,53]. Studies suggest that the rise in cTn is caused by transient myocardial injury,
as cardiac magnetic resonance imaging (MRI) with gadolinium-based contrast agents has shown no
evidence of cardiomyocyte necrosis and  fibrosis with scar formation [33,52]. However, as a result
of repeated episodes of myocardial injury and insufficient recovery (in professional athletes),
progressive myocardial remodeling may occur [52]. Detailed cardiological evaluations performed
after ultra-endurance physical activity have revealed structural cardiac changes in many athletes,
and, less frequently, previously undiagnosed coronary artery disease in older professional athletes
(above the age of 35) who had previously been considered healthy. As such, any elevation of ¢Tn
following physical activity should be thoroughly investigated. The patient should be briefly
hospitalized to allow for the possible detection of subclinical heart disease that may have become
unmasked as a result of intense physical exertion [25,33,52].

Finally, studies have found that elevated baseline cTnT levels and changes in cTnT levels
measured with a highly sensitive assay are also significantly associated with incident HF and
cardiovascular death in the general population, and in older people without previous cardiovascular
disease [31-33,69].

Conclusion

Myocardial injury accompanied by significant hs-cTn elevation is often detected in patients with
non-cardiac and multifactorial conditions. Numerous mechanisms other than ischemia can lead to
acute myocardial injury in such cases. Therefore, an elevated cTn level should not be regarded as
synonymous with acute myocardial infarction. A thorough understanding of the pathophysiology of
cIn release is an essential prerequisite for minimizing unnecessary, costly, and potentially risky
(cardiac) interventions, while ensuring timely and appropriate medical care directed toward the
primary (underlying) condition or disease. Elevated cTn in critically ill patients, in patients with
chronic disease/conditions, is a risk factor for cardiovascular and overall mortality. Treatment of the
underlying condition or disease remains the primary priority, and close monitoring for the
development of cardiovascular complications during hospitalization should be considered in these
patients. Furthermore, once the patient has recovered from the underlying illness, clinical judgment
should be employed to determine whether, and to what extent, additional cardiologic evaluation is
indicated.
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