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Abstract
The presence of the cardiospecific cardiac troponins (cTns) I (cTnI) and T (cTnT) alongside signs or symptoms of myocardial infarction (MI) are

indicative of an acute MI. As these proteins are not typically found in the sera of healthy individuals, any concentration of cTns exceeding the

99th percentile is interpreted as myocardial necrosis. Recently, new cTnI and cTnT with increased sensitivity and precision have been introduced

to improve the detection and diagnosis of acute MI, the newest of which, the Elecsys® Troponin T highly sensitive assay, has demonstrated a

particular advantage with high precision even in the 99th percentile. These enhanced properties are expected to increase the incidence of MI

diagnoses, but currently it is not clear how to approach therapy in response to the detection of cTnT levels. The detection of elevated cTn levels

alone is not sufficient for a diagnosis of acute MI, and requires an in-depth assessment of clinical presentation to determine the source and

severity of myocardial damage.
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Highly Sensitive Troponin T Assay and
Diagnosis of Acute Myocardial Infarction
According to the new definition of myocardial infarction (MI) issued

by the European Society of Cardiology/American College of

Cardiology (ESC/ACC) Committee for the Redefinition of Myocardial

Infarction, acute MI has occurred when cardiac troponin (cTn) is

present in the blood of a patient who also exhibits signs or

symptoms of MI.1 As cTn is not present or is at only very low

concentrations in the serum of healthy individuals, a serum

concentration above the 99th percentile in a healthy reference

population has been accepted as abnormal and, therefore,

indicative of myocardial necrosis. As earlier generations of the cTn

I (cTnI) and T (cTnT) assays were unable to measure these low

concentrations with a sufficient degree of precision, the convention

followed was to employ those concentrations as a discriminator of

MI, which could still be measured with an optimal level of analytical

imprecision (coefficient of variation ≤10%).2

The sensitivity and precision of troponin assays have greatly improved

since the new definition of MI was issued by the ESC/ACC in 2000,

revolutionising the ability to detect and diagnose acute MI. Several

ultrasensitive cTnl assays provided by various manufacturers are

already available for clinical use. Until recently, cTnT assays were

limited by their low sensitivity at the time of a patient’s presentation

and a lack of precision at the lower concentrations above the 99th

percentile. The newest generation of cTnT assays has recently been

launched on the market as the Elecsys® Troponin T highly sensitive

(TnT-hs) assay (Roche Diagnostics), and has the potential to address

both of these concerns. The refinement of this new generation of

tests has been achieved by improving the signal in a number of ways:

modification of ruthenium loading, reduction of background noise 

by modification of the buffer and increasing the specimen volume.

These changes have improved the analytical sensitivity to nearly one-

third of its previous value, from 0.010 to 0.003μg/l. The value for the

99th percentile was determined in several independent healthy

reference populations and in a multicentre reference population. For

the TnT-hs assay, the 99th percentile value, as obtained from the

multicentre reference population, yielded a cut-off point of 14pg/ml,

which is very close to the values ranging between 12 and 13.4ng/l

(0.012–0.013μg/l) found in other reference studies.3 Therefore, this

new assay satisfies the requirements of the new MI definition in terms

of precision, with a particular advantage owing to its higher precision

in the 99th percentile. In this article, we will discuss the clinical

importance of cTns and the relevant assays with enhanced precision

and higher sensitivity in the diagnosis of acute MI.

Cardiac Troponins as Markers of 
Myocardial Ischaemia
Clinical context is crucial for the correct interpretation of cTn values.

The clinical probability of the existence of an acute coronary
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syndrome (ACS) is based on a wide variety of indicators, e.g. type 

of symptoms, number of risk factors, presence of diabetes,

electrocardiogram (ECG) changes and, of course, cTnT.4 The cTn

isoforms cTnT and cTnI are expressed only in cardiac muscle,

conferring absolute cardiospecificity. However, every kind of

myocardial damage that is accompanied by a loss of cell membrane

integrity causes a release of troponin, appearing in the blood after

two to four hours and persisting for up to 10–21 days. As this is true

of myocardial inflammation, toxic myocardial damage and other

clinical entities, not every elevation of troponin can be equated with

acute MI.5 As such, it is of paramount importance that the entire

clinical picture is taken into account when interpreting cTn values.

According to the new Universal Definition of Myocardial Infarction,6

the criteria for acute MI require the demonstration of cTn levels

above the 99th percentile together with a rise and later fall of the

concentration, as well as at least one of the following criteria:

• symptoms of ischaemia;

• ECG changes indicative of new ischaemia (e.g. new ST-segment

depression or a new complete left bundle branch block);

• development of pathological Q-waves in the ECG; and 

• demonstration of a new area of infarction or disturbance of

regional wall motility by imaging.

Additionally, MI can be assumed if a patient with symptoms or

suspicious ECG changes dies suddenly before serum values can be

obtained, or if normal serum values are obtained prior to the

appearance of cardiac biomarkers. Furthermore, following

percutaneous coronary intervention or aortocoronary bypass

procedures, certain thresholds of cardiac biomarkers must be

exceeded (three times the 99th percentile upper reference limit)

before the diagnosis of post-interventional infarction can be made.

Clinical symptomatology alone is frequently not sufficient to establish

the diagnosis since ≤50% of all patients exhibit no typical signs of

angina pectoris. 

Acute MI typically leads to a sudden rise and subsequent fall of 

cTn concentrations. This pattern of a rise and/or fall of the cTn

concentration can be used for retrospective confirmation of the

diagnosis or early recognition of acute MI. A rise and/or fall of 

the troponin concentration of >20% is typically accepted as

significant for differentiating between an acute event and a chronic

clinical entity,6 but recent biological variability data suggest that a

significant change requires a much higher increment than 20%.7

Highly Sensitive Troponin T Assay –
Implications for Prognosis
The prognostic importance of cTnT has been clearly substantiated by

numerous studies and meta-analyses.8 Most of the studies use the

higher receiver operating characteristic (ROC)-optimised cut-off value

of 0.1μg/l. However, several studies have also confirmed the benefits of

using a discriminator concentration (0.03μg/l) for the identification of a

higher short- and long-term cardiac risk. There is evidence that the

cardiac risk can be predicted by a concentration <0.03μg/l; however,

these measurements were made by tests of the second to fourth

generation, which did not yet display adequate measurement precision. 

The advantage of the new TnT-hs assay is its improved precision in

the 99th percentile. With this new assay, improved estimation of risk

could theoretically be expected because of the clear interpretation

of test results it affords, with fewer false-negatives and false-

positives. In fact, the results of the Treat Angina with aggrastat and

determine Cost of Therapy with an Invasive or Conservative

Strategy – Thrombolysis In Myocardial Infarction (TACTICS-TIMI 18)

study, which was performed with a well-defined patient population

with confirmed ACS, showed that low concentrations of cTnI barely

above the 99th percentile (≥0.1ng/ml, cardiovascular [CV] 20%)

were associated with a tripling of the risk of a subsequent MI or

fatal outcome.9 Similar observations were made in the Orbofiban in

Patients with Unstable coronary Syndromes – TIMI 16 (OPUS-TIMI-

16)10 and Fragmin and Fast Revascularisation during InStability in

Coronary artery disease II trial (FRISC II) studies11 and in one registry

study.12 However, all of these measurements were made with a cTnI

assay that displays a high rate of imprecision of >20% at the 99th

percentile. Therefore, the introduction of a new sensitive and

precise assay now offers the possibility for a critical review of the

value of using very low discriminator concentrations for risk

stratification in patients with an ACS. 

With the ability to now precisely measure cTn levels at, and even

below, the current 99th percentile, the incidence of MI diagnoses is

expected to increase, with these patients at substantial post-

infarction risk.13 Studies have shown that these previously

undetectable cTn levels have also been associated with worse

outcomes in patients with ACS,13 particularly if the minute cTn

elevations continue post-event.14 These poorer prognoses are also

the case among patients with heart failure,15 stable angina

pectoris16 and even elderly cohorts who appear healthy.17,18

Concentrations of cTn below the 99th percentile have also been

associated with cardiovascular high-risk features, greater

atherosclerotic plaque burden in the carotid arteries and impaired

cardiac performance.19 The new TnT-hs assay not only meets the

criteria for defining MI as outlined by international guidelines in

terms of precision requirements, but has also demonstrated the

best level of assay designation with 95% measurable normal values

below the 99th percentile.20 A recent comparative evaluation

between four highly sensitive cTn assays has found TnT-hs to have

the highest sensitivity and negative predictive values.21

Highly Sensitive Troponin T Assay –
Implications for Patient Management
Unlike their predecessors, the newer-generation cTn assays are

better able to detect cTn levels at the time of a patient’s

presentation.21 This allows for a more rapid diagnosis of acute MI,

which could otherwise only be determined following prolonged

monitoring over a period of six to 12 hours and serial blood

sampling. Importantly, the clinical benefits associated with the

potential to achieve revascularisation, be treated in the coronary

care unit and receive the appropriate treatment for acute MI at an

earlier time-point may ultimately improve overall management of

patients with acute MI.6,22,23

Earlier studies established a correlation between cTns and a higher

risk of thrombotic coronary events. Accordingly, treatment with 

low-molecular-weight heparin or glycoprotein IIb/IIIa inhibitors was

seen to be beneficial only for patients with elevated cTnT.24–26 In

most of the studies, a cTnT cut-off value of 0.1μg/l was used. It was

shown in later studies that a lower cTnT concentration >0.03μg/l is

suitable for identifying the subgroup of patients who will benefit
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from intensive pharmacotherapy or early invasive treatment.9,27,28

Accordingly, the Intracoronary Stenting and Antithrombotic

Regimen: Rapid Early Action for Coronary Treatment 2 (ISAR-REACT

2) study showed a corresponding reduction of cardiac events in

patients with non-ST-elevation MI (non-STEMI; defined as cTnT

>0.03μg/l) as a result of treatment with aspirin, 600mg of

clopidogrel and a single dose of abciximab.28 Moreover, the

TACTICS-TIMI-18 study showed that cTnT concentrations just above

the 99th percentile identified patients who will benefit from early

coronary intervention with the protection of a glycoprotein IIb/IIIa

inhibitor.9 This method makes it possible to lower the mortality rate

and rate of subsequent MI to half of the previous value in troponin-

positive patients. However, because the measurement of cTnT or

cTnI in the 99th percentile was made with very high imprecision (CV

≥20%) in the TACTICS-TIMI-18 study, it must be assumed that a

larger number of study participants were erroneously identified as

high-risk patients. 

The advent of new, more potent medications for inhibition of

platelet aggregation and for anticoagulation introduces an

increased risk of haemorrhage. For this reason, it is unclear

whether – and at what concentrations – patients with

demonstrated cTnT benefit from early invasive treatment and

concomitant therapy with potent drugs. By contrast, data from the

International Citicoline Trial on Acute Stroke (ICTUS) study show

that the benefits of early intervention are not clearly established 

for patients with cTnT >0.03μg/l, as in this group of patients the

advantages of the intervention have to be weighed against 

the disadvantage of a higher rate of peri-interventional infarction.29

At a concentration of TnT-hs exceeding 53pg/ml (corresponding to

a concentration >0.03μg/l measured by a fourth-generation TnT

assay), early coronary interventions are supported. By comparison,

patients with lower concentrations between 14 and 53pg/ml would

require subsequent observation to help to differentiate the

presence of acute MI from myocardial injury of non-ischaemic

origin with an unfavourable prognosis. In such cases, the diagnosis

and the patient’s risk should be critically evaluated. As the

recommendations contained in the current treatment guidelines for

patients with an ACS allow a period of ≤72 hours between the onset

of symptoms and early coronary intervention, the diagnosis can be

confirmed by additional diagnostic imaging studies – and/or a

specific treatment can be instituted, depending on the differential

diagnosis – during this period. Of course, this presumes that a

higher-risk situation has been ruled out in the particular case. The

question of whether the outcome can be improved by coronary

intervention or more aggressive concomitant therapy in patients

with cTn concentrations within this observation time period must

be further explored in prospective, randomised, therapeutic

interventional studies.

Beyond the 99th Percentile
The development of highly sensitive cTn assays now allows the

measurement of cTn concentrations in the range of pg/ml rather

than ng/ml. This ability to identify cTn at previously undetectable

levels has introduced greater potential to identify and diagnose

ACS in patients. Notably, an elevation of cTn levels alone is not

sufficient for a diagnosis of acute MI. As such, we include an

algorithm that is proposed to reflect the clinical significance of the

TnT-hs assay (see Figure 1). Currently, the TnT-hs assay is the only

assay with demonstrated sensitivity in detecting cTnT levels below

0.01μg/ml, and with such high sensitivity it has great promise for

early diagnosis, as well as exclusion, of acute MI. 

On presentation of a patient with suspected ACS, the TnT-hs assay

can be applied immediately, with subsequent testing at follow-up 

to determine the severity of a patient’s condition. Although this

algorithm has not yet been validated, we believe that use of the

TnT-hs assay in such a manner may have the best potential impact

in clinical practice.

Summary and Conclusions
The improved precision of the new TnT-hs assay allows the

requirements of MI, as defined by the ESC/ACC, to be satisfied.

According to this assay, patients with serum cTnT concentrations

≥14pg/ml presenting with laboratory findings that are supported by an

ischaemic context are deemed to have had an acute MI. Furthermore,

where previous studies had shown cTn concentrations to indicate a

higher rate of death and MI at the lower detection limits, even when

these concentrations were measured with a very high coefficient of

variation (>20%), the TnT-hs assay allows for precise measurements in

the 99th percentile. In these terms, there are strong implications for

precise risk assessment, although this is an area that needs to be

further examined in clinical studies to completely explore all of the

benefits associated with the assay. 

Moreover, higher cTnT concentrations ranging between 0.03 and

0.1μg/l, as measured by the fourth-generation TnT test (corresponding

to 0.05–0.1μg/l with the new TnT-hs assay), have been shown to be

suitable for identifying patients who can benefit from treatment with

low-molecular-weight heparin, glycoprotein IIb/IIIa inhibitors or early

invasive strategies. It is currently not clear what therapeutic

advantages are associated with coronary intervention or aggressive

drug therapy in patients with a troponin concentration >0.03μg/l; as

such, it is recommended that patients with cTnT-hs levels between 

14 and 50pg/ml be monitored under an observation period, with

treatment tailored to the individual. n

Myocardial Infarction
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Figure 1: Proposed Algorithm for the Highly Sensitive
Troponin T Assay in Clinical Practice

Clinical significance of cTnT-hs to
diagnose non-STEMI in clinical practice

Baseline

≥14 ng/l:
possible MI

Suspected
ACS

<14 ng/l:
re-test within 3–6 hrs

Δ ≥100%
Acute

Acute

Acute/
chronic?

Δ <100%

Δ ≥100%

Δ <100% Acute/
chronic?

≥50ng/l

>14–50ng/l

≥50ng/l

≥14ng/l

<14ng/l
<14ng/l

>14–50ng/l

AMI. Adverse prognosis, 
consider early invasive 

procedure

AMI. Adverse prognosis, refine 
risk, re-test at 6 (12–24) hours

AMI? Re-test at 6 (12–24) hours,
adverse prognosis, search for

differential diagnosis

AMI. Consider early invasive 
procedure

AMI. Adverse prognosis, refine 
risk, re-test at 6 (12–24) hours

AMI? Re-test at 6 (12–24) hours,
adverse prognosis, search for

differntial diagnosis

Re-test at 6 (12–24) hours; 
if <14ng/l, UAP or 

stable CAD

Follow-up – sample 3 hours Interpretation

ACS = acute coronary syndrome; AMI = acute myocardial infarction; CAD = coronary artery
disease; cTnT-hs = highly sensitive cardiac troponin T assay; MI = myocardial infarction;
STEMI = ST-elevation myocardial infarction; UAP = unstable angina pectoris.
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