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High‑sensitivity troponin (troponin I and troponin T) is serum marker specific for myocardial injury. Raised high‑sensitivity 
troponin levels can be found in acute coronary syndrome, but also in a variety of other conditions as well. Differential 
diagnosis of high‑sensitivity troponin elevations are a great challenge for emergency physicians. Apart from ruling‑out 
acute coronary syndrome, other potential causes such as cardiovascular disease, infections, renal disease and age have to 
be considered. This narrative review discusses the possible insight of an emergency physician on non‑ischaemic elevations 
of high‑sensitivity troponin with a focus on prognostic value of high‑sensitivity troponin.
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Elevace vysoce senzitivního troponinu u stavů mimo akutní koronární syndrom – 
výzva pro lékaře urgentního příjmu
Vysoce senzitivní troponin (troponin I a troponin T) je sérový marker specifický pro myokardiální lézi. Zvýšenou hladinu vys-
oce senzitivního troponinu lze nalézt u akutního koronárního syndromu, ale také u řady jiných onemocnění. Diferenciální 
diagnostika zvýšených hodnot vysoce senzitivního troponinu představuje velkou výzvu pro lékaře urgentního příjmu. Kromě 
akutního koronárního syndromu se musí myslet i na další možné příčiny, například jiná kardiovaskulární onemocnění, infekce, 
onemocnění ledvin a také věk pacienta. Tento přehledový článek přináší náhled na zvýšení vysoce senzitivního troponinu 
z jiných než ischemických příčin a soustředí se na prognostický význam tohoto markeru.

Klíčová slova: troponin I, prognóza, infekce, stárnutí, myokard, poranění.

Introduction
Measuring troponin I (cTnI) and troponin T (cTnT) in serum, by high­

‑sensitive assays (hs‑cTn) enables the detection of this myocardium­

‑specific marker at low concentrations. It is widely used for the diagnosis 

of acute coronary syndrome. Hs‑cTnI makes the diagnosis quicker 

compared to conventional troponin assays. This has contributed to 

an increase in detection of non‑ST-elevation myocardial infarction 

(NSTEMI), especially in it’s early form [1].

A rise of circulating cTnI, although a hallmark of myocardial lesion, is not 

only specific for myocardial ischaemia. It is detectable in a variety of other 

disorders, usually connected with alterations of general well‑being [2, 3].

Use of hs‑cTnI in ruling‑in or ruling‑out the acute coronary syndrome 

has been discussed in many studies and guidelines [1, 2, 4–13]. Dynamic 

changes in serum hsTnI concentration over time are used to identify 

ongoing myocardial ischemia [3, 14, 15]. This is beyond the aim of this 

article, where we would like to focus on non‑ischaemic elevations of 

hsTnI in the acute setting.

We intend not to comment all the potential diagnoses associated 

with hs‑cTnI increase, but rather to show that increased biochemical 

markers of myocardial injury could be, apart from acute coronary 

syndrome (ACS), interpreted in context of mortality and/or adverse 

prognosis, aging and acute illness.

Physicians in emergency departments deal with differential diag­

nosis of chest pain, using biochemical markers of myocardial injury 

to rule‑out acute coronary syndrome. With use of hs‑cTnI, there are 

positive results in many cases, but the positivity itself does not rule‑in 
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acute coronary syndrome. Differentiation of acute coronary syndrome 

from non‑ischaemic elevations of hs‑cTnI can be challenging even for 

the experienced physician [16, 17]. One must carefully consider clinical 

signs and symptoms, ECG findings along with hs‑cTnI dynamics, where 

appropriate [18]. Non‑ischaemic etiologies should be considered. It 

is vital to know, what levels of hs‑cTnI could be expected in chronic 

cardiovascular diseases, or various non‑cardiac disorders. This is a quite 

complicated goal, as interindividual variability of hsTnI have been 

reported [18, 19]. Therefore, hs‑cTnI cannot be evaluated exquisitely, 

without context of other findings mentioned above.

hsTnI as a prognostic marker
Raised serum levels of hs‑cTnI could predict cardiovascular complica­

tions, irrespective of primary condition. Surgical patients undergoing 

hip surgery, preoperatively diagnosed with increased hs‑cTnI levels 

(median 99 ng/l) on admission were found to have increased cardiac 

complications during hospitalization [20]. This study had a very small 

patient sample (n = 20) and 6 patients ended up with perioperative 

cardiac injury (congestive heart failure, arrhythmia, unstable angina). 

Out of these, 4 patients were known to have ischaemic heart disease 

prior to surgery and have hs‑cTnI positive on admission. However, their 

primary diagnosis was not acute coronary syndrome despite of raised 

hs‑cTnI on admission.

It has been reported by Metkus [21] that an increase in hs‑cTnI 

during hospitalization worsens outcome of acute respiratory distress 

(ARDS) patients due to progressive myocardial injury.

They reported 2.27 fold increase risk of mortality (p = 0.002) in 

patients with an increase in hs- cTnI of more than 32.1% from baseline 

(between days 0 and 3). A rise in hs‑cTnI levels prolonged the stay at 

intensive care unit (ICU) as well.

Heart failure is one of the conditions known to cause increase 

in hs‑cTnI level. A study on 1096 patients showed that hs‑cTnI has 

prognostic value in predicting adverse events in patients with heart 

failure [22]. The mean hs‑cTnI levels in patients with heart failure with 

reduced ejection fraction (HFrEF) was 27.2 ng/l (13.5–65.5), while in 

patients with heart failure with preserved ejection fraction (HFpEF) it 

was 13.5 ng/l (5.8–23.3), p value less than 0.001. Coronary artery disease 

was more common in HFrEF group than in HFpEF group. There was no 

difference in diabetes occurrence in both groups. Hypertension and 

atrial fibrillation were more common in HFpEF group. The authors found 

that patients with hs‑cTnI above the median had more coronary artery 

disease, renal dysfunction, higher BMI and tended to be men. All these 

factors along with biochemical markers of myocardial injury contribute 

to increased cardiovascular risk for these individuals. It also showed 

that systolic dysfunction is associated with higher levels of circulating 

hs‑cTnI. However, hs‑cTnI has been reported to be a better predictor of 

adverse events in HFpEF. Similar results regarding increased mortality 

in patients with HF, who had elevated hs‑cTnI levels during follow up 

have been reported in study by Wallenbron [23]. Evidence supports 

the statement that increased hs‑cTnI does not automatically point to 

acute coronary syndrome, but increases the risk of mortality and further 

hospitalizations from cardiac conditions on a long term basis [22–28]. 

Patients with higher hs‑cTnI levels tend to be of older age and have 

a history of peripheral artery disease, heart failure, hypertension, coro­

nary intervention, coronary artery disease and decrease in glomerular 

filtration rate [26]. Risk increases with the level of hs‑cTnI [29], as well 

as severity of coronary artery disease [30]. Another cardiac condition, 

where hs‑cTn plays a role as a prognostic marker is pulmonary embo­

lism. It has been recently shown by a meta‑analysis that patients with 

pulmonary embolism and increased cTn levels have increased mortality 

(irrespective of conventional or hs‑cTn assay) [31]. cTn is also used for 

risk stratification of patients with pulmonary embolism, according to 

guidelines [32].

Ischaemic or non‑ischaemic cardiac arrest could be associated with 

increased levels of hs‑cTn. Raised hs‑cTn in patients with non‑ischaemic 

cardiac arrest corresponds with an increase in mortality following 

return of spontaneous circulation [33]. Although this study worked 

with hs-cTnT, we believe that the prognostic value of hs‑cTnT is similar 

to that of hs‑cTnI in conditions such as heart failure, respiratory distress 

or pulmonary embolism.

The question is how to transform this information into emergency 

decision making. Raised hs-cTnI without additional clinical suspicion 

of ACS means that the patient should be evaluated cautiously and 

a follow‑up should be arranged to monitor cardiovascular outcome 

(myocardial infarction, stroke, cardiovascular death). Most of the studies 

use hs‑cTnI to stratify patients into high or low‑risk group according to 

hs‑cTnI levels above, or under 99th percentile. Absolute values of hs‑cTnI 

are usually not mentioned. Therefore, it is complicated to get an insight 

of possible levels of hs‑cTnI in cases where acute coronary syndrome is 

not suspected at the time of measurement. Moreover, upper reference 

limits for hs‑cTnI vary significantly between assays. For example hs‑cTnI 

assay from Abbott Laboratories used in study of Cavender [26] uses an 

upper reference limit (URL) of 26 ng/l (34.2 ng/l for males and 15.6 ng/l 

for females), while assay from Beckman Coulter uses 18.6 ng/l [34]. Assay 

from Siemens uses URL of 27 ng/l [29]. Another assays by Singulex has 

URL 10.2 ng/l for normal population [27], although in a work of Bonaca 

a cut off 9 ng/l was used [28]. These differences by manufacturer may 

be due to variable determination of healthy population in validation 

studies for each assay [35].

Age related hsTn levels
Increasing age is associated with progressive tissue vulnerability and 

damage [36]. This process has a molecular background (exposure of 

cells and organelles to oxidative stress) [37–39]. Various cardiac and non­

‑cardiac conditions could cause a stress to myocardial muscle, causing 

a release of troponin (structural disease, valvulopathies, progressive 

atherosclerotic damage, acute illness, hypertension, tachyarrhythmia). 

This effect could be augmented by older age of myocardial mus­

cle, making it more frail and susceptible to damage and dysfunction 

[38–41]. One can assume to detect increased hsTnI levels related to age 

group and pre‑existing cardiovascular pathology. Along with aging, 

obesity and presence of diabetes are risk factors that increase a vessels 

vulnerability [42]. Similar effects on coronary vessels could be therefore 

presumed. Age is one of the factors associated with increased hsTnI 
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levels in several studies. Motiwalla [27] reported a significant difference 

in age between patients with HF and hs‑cTnI above URL (68 years) 

compared to patients with hs‑cTnI below URL (60 years), p value 0.003. 

Samman [30] reported that patients with higher baseline hs‑cTnI tend 

to be older, but also have more severe coronary artery disease. Mean 

age and hs‑cTnI for non‑obstructive CAD were 61.1 years and 3.6 ng/l 

respectively, and for triple vessel disease 66.4 years and 5.7 ng/l and, 

respectively. Similar results concerning relation of hs‑cTnI to age have 

been reported in other studies [24–27].

Reiter focused on 406 elderly (age 70 years or more) patients treated 

at emergency departments with ACS suspicion [14]. 308 were diag­

nosed with non‑acute myocardial infarction (non‑AMI), including 140 

diagnosed with non‑cardiac cause. hs‑cTnT assay was used (Roche). 

Among elderly patients, higher prevalence of coronary artery disease, di­

abetes, hypertension and history of coronary intervention were reported 

compared to the younger group. Non‑cardiac causes were not specified. 

The authors stated that elderly patients with non‑AMI diagnosis had 

a significantly higher baseline hs‑cTnT compared to younger patients 

(age below 70 years). Mean values for elderly and younger group were 

14 ng/l and 4 ng/l, respectively. However, the non‑AMI group included 

unstable angina pectoris and other cardiac conditions (except coronary 

artery disease), which can both cause raise in hs‑cTn. Thus, the reported 

results have to be taken cautiously. Raised hs‑cTnI levels cannot be 

addressed to age only, although they can be expected to be found in 

the elderly population. This is probably a combination of progressive 

aging and increased severity of chronic conditions (cardiovascular or 

non‑cardiovascular) associated with increasing age. Elevated hs‑cTnI 

could point out to hitherto unrecognized cardiovascular disease.

hsTn in acute non‑cardiac illness
As mentioned above, various non‑cardiac conditions can cause an 

increase in hs‑cTnI levels (summarized in Table 1). hs‑cTnI assays have 

decreased specificity due to frequent occurrence of elevations above 

URL [17]. It is complicated to establish a mean values of hs‑cTnI for non- 

cardiac diagnoses, as there exists inter‑individual variability. Moreover, 

various stages of pre- existing comorbidities could have an unpredic­

table additional impact on circulating hs‑cTnI levels [14, 15]. Most studies 

do not focus on mean hs‑cTnI levels in various non‑cardiac conditions.

A Study by Korley reported an elevated hs‑cTnI levels in 6.9% of 

patients examined at emergency departments, in whom a non‑cardiac 

diagnosis was concluded [24]. However, these other diagnoses were 

not specified.

Dhesi focused on a follow‑up of patients presenting with non­

‑cardiac primary diagnosis with an elevation of cTnI [43]. Study included 

245 patients. Cardiovascular and non‑cardiovascular mortality was 

a primary outcome. In accordance with literature findings, initially raised 

levels of cTnI were associated with increased mortality. Raised hs‑cTnI 

did not alter primary management in these patients.

Mueller compared dynamic changes in hs‑cTn kinetics in cohort 

of 165 ACS patients, 177 patients with unstable angina pectoris (UAP) 

and 442 non‑ACS patients [44]. This study worked with hs‑cTnT with 

URL 14 ng/l. Reported mean baseline values were 92.0 ng/l (27.3–312.3), 

14.0 ng/l (5.1–26.8), 31.5 ng/l (19.5–60.4) for ACS, UAP and non‑ACS pa­

tients, respectively. Mean values measured after 3 hours were 130.3 ng/l 

(46.4–378.5), 11.6 ng/l (5.0–25.5) and 31.3 ng/l (19.4–62.1) respectively. 

This showed that raised hs‑cTn levels could be seen in non‑ACS condi­

tions, but without significant dynamic changes over time. Diagnoses 

included in non‑ACS category were not specified.

Certain cardiac, non‑ACS conditions, such as arrhythmias, tako­

‑tsubo cardiomyopathy, hypertensive crisis or myocarditis could present 

with elevated levels of cTn. In addition, these conditions, could even 

present with dynamic changes in hs‑cTnI [3]. This can complicate the 

rule‑out of ACS, therefore other clinical features have to be considered 

cautiously.

hs‑cTnI correlates with a decrease in glomerular filtration rate [45]. 

Patients with advanced kidney disease tend to have higher levels of 

circulating hs‑cTnI, even if presenting with non- cardiac symptoms 

and signs in an acute setting. However, increased hs‑cTnI points to 

a higher total cardiovascular risk in these patients, which is consistent 

with guidelines [46] and prognostic significance of hs‑cTnI. There is 

a higher incidence of cardiovascular disease among patients with 

chronic kidney conditions [47].

In respiratory infections, such as pneumonia, raised levels of circu­

lating cTn could be detected. Certain pathogens, for example strepto­

coccus pneumoniae, cause direct damage to myocardium in animal 

Tab. 1.  Summary of possible etiology of raised hsTnI in serum [according 
to 2, 3, 40]
Coronary artery plaque rupture

Intraluminal coronary artery thrombus formation

Coronary artery spasm

Coronary artery vasculitis or embolism

Coronary artery endothelial dysfunction

Coronary artery dissection

Hypertension

Left ventricle hypertrophy

Hypertrophic obstructive cardiomyopathy

Aortic dissection

Aortic valve diseases

Tachy/bradyarrhythmias

Stress cardiomyopathy (tako-tsubo)

Heart failure

Severe anaemia

Respiratory failure

Myocarditis

Cardiac contusion

Rhabdomyolysis with cardiac muscle involvement

Cardiac surgery, defibrillation, catheter ablation, coronary revascularization 
procedure

Shock, hypotension

Cardiotoxic drugs (anthracyclines, herceptin etc.)

Infiltrative diseases - sarcoidosis, amyloidosis

Strenuous exercise

Sepsis and critically ill patient

Pulmonary embolisms or severe pulmonary hypertension

Renal failure, chronic kidney disease

Acute neurological disease - stroke, subarachnoid haemorrhage

Elder age
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models [48]. In some patients this could be a sign of possible adverse 

cardiovascular outcome during disease course (e.g. myocardial infarc­

tion) [49]. Similar changes have been reported in influenza infections 

[50]. Severe infections can lead to sepsis, which can deteriorate into sep­

tic shock. Both sepsis and septic shock are associated with raised levels 

of c‑TnI and hs-cTnI [51, 52]. Elevated hs‑TnT and its dynamic changes 

plays a role of prognostic marker in this condition and is associated with 

increased mortality of patients with shock [51].

Strenuous exercise is another condition which can cause myocardial 

injury. According to meta-analysis by Sedaghat [53] increase in cTn could 

be dominantly seen in endurance activities, such as marathon, running, 

triathlon, cycling, rugby. Studies included in this meta‑analysis worked 

with cTnT, cTnI and hs‑cTnT. It could be expected that extension of 

myocardial injury would depend on level of activity and physical fitness.

Chronic pulmonary diseases (e.g. COPD) may cause pulmonary 

hypertension leading to right heart failure. Course of chronic obstructive 

pulmonary disease (COPD) is typical for its acute exacerbations. This 

acute condition can lead to myocardial dysfunction with increase in cTn.

Apart from that, chronic heart failure itself is associated with increase 

of cTn. In a recent study, dynamic change of cTn (study used conven­

tional cTnT) levels in patients with exacerbation of COPD was attributed 

to the use of beta2-agonist as therapeutic agents [54].

Summary
Cardiac and non‑cardiac conditions associated with raised hs‑cTnI 

levels have been described in several reviews, guidelines and certain 

studies. We have discussed the role of hs‑cTnI as prognostic marker of 

adverse cardiovascular outcome and/or mortality. Patients with various 

other comorbidities apart from CAD and heart failure (e.g. COPD) could 

have increased risk of cardiovascular events due to increased levels of 

hsTnI [55]. This might point out to possibly unrecognized coronary 

artery disease.

Age is one of the factors contributing to increased mortality in many 

diseases. Regarding hs‑cTnI, we assume that elder age could lead to 

elevated levels of hs‑cTn, due to increased tissue fragility. On the other 

hand, one cannot exclude presence of unrecognized cardiovascular 

diseases (e.g. CAD) in elderly patients. Age is one of independent risk 

factors for cardiovascular diseases. However, an elderly patient, with 

severe acute illness, is likely to have an increased level of biochemical 

markers of myocardial injury.

There are several non‑cardiac conditions that could directly affect 

myocardial muscle, without causing ischemia. These conditions could 

mimic ACS in acute setting. It is not specified in literature, what levels 

of hs‑cTn are typical for ACS and what for non‑ACS conditions.

Differentiation is usually made by serial measurements of hs‑cTn 

in time with regard to other clinical features (as mentioned above, 

several non‑ACS conditions could present with dynamic changes in 

hs‑cTn). In addition, various hs‑cTn biochemical assays have different 

cut‑off values. We think it is vital for physicians to know, that such 

conditions exist and are associated with elevated levels of hs‑cTn. 

In case of clinical suspicion or uncertainty, ACS should be excluded 

according to proper guidelines.

Conclusions
HsTnI is a sensitive marker for detection of myocardial injury. It is an 

important diagnostic tool in emergency departments for suspected 

acute coronary syndrome. Precise guidelines have been developed to 

rule‑in or rule‑out ACS in emergency settings.

Its use for differentiation of cardiac and non‑cardiac diagnosis 

is limited due to decrease in specificity. Structural heart diseases, 

arrhythmias, severe infections, stroke, renal insufficiency, strenuous 

exercise and many other conditions could cause non‑ischaemic 

myocardial injury.

Physicians have to carefully analyse signs, symptoms and consider 

additional conditions such as age, coronary artery disease, chronic heart 

failure, hypertension. HsTnI is a prognostic marker and raised levels could 

point to increased cardiovascular mortality, or to yet undiagnosed cor­

onary disease, which becomes apparent in context of ongoing acute 

disease. In such cases, patients should be discharged carefully, with 

a specialist follow‑up arranged, if necessary.
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