
High-sensitive Cardiac Troponin T: 

Challenges and Opportunities

Pieter Vermeersch, MD. Ph.D.

Clinical Department of Laboratory Medicine, UZ Leuven

Department of Cardiovascular Sciences, KU Leuven



Biology of cardiac troponins

Troponin is a globular protein complex part of the actin filament 
of striated muscle, distributed at  regular interval along the 
tropomyosin filament

Composed by 3 subunits

Troponin T: attaches the Tn complex to tropomyosin

Troponin I: inhibits actin-myosin interaction in absence of 
Ca++

Troponin C: Ca++ binding subunit 
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• There are cardiac-specific isoforms of troponin T and troponin I



Cardiac troponins in acute myocardial infarction

• In 1992, Hugo Katus and Christian Hamm observed that cardiac troponin T (cTnT) appeared to be 

a better indicator of MI than CK-MB activity, the standard biomarker for MI at the time in 109 

patients with unstable angina (Hamm CW et al. N Engl J Med 1992;327:146–50).

• In 1996, a sub-study of the GUSTOIIa trial in North-America confirmed that cardiac troponin T 

was an independent risk marker in patients who present with acute myocardial ischemia (Ohman

EM et al. N Engl J Med 1996;335:1333-42).



Fourth universal definition of myocardial infarction (2018)

• Only cardiac troponin (T or I) is mentioned (3rd definition: “preferred biomarker”)

• Acute injury if at least one value above the 99th percentile of the upper reference limit of normal 

AND a significant rise and/or fall of cTn values

• An imprecision of ≤ 10% coefficient of variation (CV) at the 99th percentile URL is mandatory for 

hs-cTn assays. The use of non-hs-cTn assays with CVs between 10–20% are acceptable for clinical 

use, but makes the determination of a significant serial change more difficult. Assays with CVs> 

20%at the 99th percentile URL should not be used.

K. Thygesen et al. Eur Heart J 2019;40:237-269
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Fourth universal definition of myocardial infarction (2018)



Rationale for high-sensitive assays

Mueller C,  Eur Heart J 2014;35:552



Higher sensitivity of high-sensitive cTn assays

Reichlin T et al. N Engl J Med 2009;361:858-67

APACE study



Source: B. Lindahl

No significant effect on specificity, CV up to 20% acceptable for a single measurement

Rationale for CV ≤ 10% for high-sensitive cTn assays



• Imprecision has an important impact on interpretation of serial measurements

• Reference change values (RCV) provide objective tools for assessment of the significance of 

differences in serial results from an individual

RCV = Z * 2½ * (CVA
2 + CVI

2)½

CVA: analytical imprecision CVI: intra-individual biological variation

Z=1,96 if 2-tailed 95%

• The intra-individual biological variation cannot be calculated for older cTn assays since most 

apparently healthy people have test results < limit of detection

• Impact of imprecision on RCV: given RCV=35% with a CVa=8,3%,

if CVA was 5%, the 95% RCV for change would be 30.3%,
if CVA was 10%, the 95% RCV for change would be 38.7%,
if CVA was 15%, the 95% RCV for change would be 49.5%
if CVA was 20%, the 95% RCV for change would be 61.6%.

Rationale for CV ≤ 10% for high-sensitive cTn assays



Biological variation cardiac troponins

14

• A number of studies have estimated CVI for hs-cTn assays in healthy individuals around 50%.

• RCV in patients with stable coronary artery disease (Nordenskjöld A. et al. Clin Chem 2013;59:401-9)

hs-cTnI (Abbott): within-day RCV: 49%, between-day: 69% 

TnT-hs (Roche): TnT-hs: within-day RCV: 23%, between-day: 32%



Roche cardiac Troponin T-hs
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Roche cardiac Troponin T-hs

1) Sample volume was increased

2) Buffer composition was optimized

3) Use of a chimeric mouse/humanantibody



Decreased specificity of cTnT at 99th percentile

Unpublished data from Chest Pain Study (Roche)



Higher sensitivity of TnT-hs

“When troponin was a lousy assay it was a great test, 

but now that it’s becoming a great assay, it’s getting to be a lousy test.”

Robert Jesse (Circulation 2011)



cTnT has a better discriminatory power

Unpublished data from Chest Pain Study (Roche)



Advantageous Predictors of Acute Coronary Syndrome Evaluation (APACE) 

• 1247 unselected patients presenting to the ED with acute chest pain symptoms suggestive of

AMI such as acute chest pain and angina pectoris with an onset or peak within the last 12

hours were recruited.

• For this analysis, patients with ST-segment elevation myocardial infarction (n=50) were

excluded because cardiac biomarkers are of limited clinical value in these patients.

• Patients with terminal kidney failure requiring dialysis were excluded.

• Among the remaining 1197 patients, samples at presentation as well as after 1 hour for

measurement of hs-cTnT were available in 872 patients.

Reichlin et al. Arch Int Med 2012;172:1211-8

Clinical validation of cut-offs



Reichlin et al. Arch Int Med 2012;172:1211-8

Advantageous Predictors of Acute Coronary Syndrome Evaluation (APACE) 

Clinical validation of cut-offs



Advantageous Predictors of Acute Coronary Syndrome Evaluation (APACE) 

• Retrospective evaluation and validation of an algorhytm with 2 cut-offs

• Samples at presentation as well as after 1 hour for measurement of hs-cTnT were available in

872 patients.

• Patients were divided in 2 cohrts: an observational cohort (n=436) to identify 2 cut-offs, and a

validation cohort (n=436).

Reichlin et al. Arch Int Med 2012;172:1211-8

Clinical validation of cut-offs



Reichlin et al. Arch Int Med 2012;172:1211-8

Use of 2 cut-offs

Advantageous Predictors of Acute Coronary Syndrome Evaluation (APACE) 



ESC guidelines management acute chest pain 2015 

Roffi M, et al. Eur Heart J 2016;37:267-315



ESC guidelines management acute chest pain 2015 

Roffi M, et al. Eur Heart J 2016;37:267-315

Recommendation Class Level

It is recommended to measure cardiac troponins with sensitive or high-sensitivity 
assays and obtain the results within 60 min.

I A

A rapid rule-out protocol (0 and 3 h) is recommended when highly sensitive troponin 
tests are available

I B

A rapid rule-out and rule-in protocol at 0 h and 1 h is recommended if a high-
sensitivity cardiac troponin test with a validated 0 h/1 h algorithm is available. 
Additional testing after 3–6 h is indicated if the first two troponin measurements are 
not conclusive and the clinical condition is still suggestive of ACS.

I B



Significance of low values of hs-Tn

Prognostic value of high sensitive cardiac troponin I in patients with 
stable coronary artery disease

Omland T et al. J Am Coll Cardiol.  2013;61:1240-9

<3 % of CAD patients had hs-TnI> 0,03 ng/ml

Abbott Architect hs-TnI (cut-off 30 ng/L



Significance of low values of hs-Tn

Detectable subclinical myocardial necrosis is associated with cardiovascular risk in Stable patients 
with diabetes mellitus

Tang et al. Diabetes Care. 2013;36:1126-31

Abbott Architect hs-TnI (cut-off 30 ng/L)



• Impact of hemolysis on cTnT and cTnI

• Biotin interference for Roche cTnT

• Correlation of cTnT and cTnI

• 0/1h versus 0/3h algorhytm

• cTnT as a predictor of cardiac dysfunction

• cTnT and age

• cTnT and infarct size

• cTnT in patients with decreased renal function

Reichlin et al. Arch Int Med 2012;172:1211-8

Challenges and opportunities



Hemolysis can result in false-negative results

cTnT (Roche)

• H-index (Roche) of 100 corresponds to 100 mg/dL

• Visual hemolysis corresponds to > 30-50 mg/dL

ICU + outpatient clinic



Biotin interference on Roche cTnT
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Mueller T et al. Clinica Chimica Acta 2018;485:195-204

Correlation of Roche cTnT and Abbott cTnI

cardiac troponin I and T in 3588 emergency department patients All-cause mortality

=> Better ROC for cTnT than cTnI (p < 0.001)



Mueller T et al. Clinica Chimica Acta 2018;485:195-204

Correlation of Roche cTnT and Abbott cTnI

cardiac troponin I and T in 3588 emergency department patients



• A recent study in 3378 patients presenting at the emergency department found that a 0/1-hour 

compared to a 0/3-hour hs-cTnT protocol results in more rapid discharge of suspected ACS patients 

at the cost of more re-admissions. There was no impact on survival. 

0/1 hour vs. 0/3 hour protocol

Chew DP et al. Circulation 2019 (in press)



• A recent study found that higher hs-cTnT concentrations were associated with worse diastolic 

function, irrespective of LV mass, but not with systolic function

• These findings suggest that high levels of hs-cTnT may serve as an early marker of subclinical 

alterations in diastolic function that may lead to a predisposition to heart failure.

cTnT and cardiac dysfunction

Myhre PL et al. JAMA Cardiology 2019 (in press)



Relation of cTnT and age

Reference study in 533 healthy individuals (Roche) 

The reference study did not include adequate disease controls but young healthy individuals



Relation of cTnT and age



cTnT in patients with decreased renal function

Michos ED et al. Ann  Intern Med 2014;161:491-501



Twerenbold R et al. Circulation 2018;137:436–451

ESC 1-hour algorhytm for Roche cTnT



cTnT in patients with myopathy

Schmid J al. J Am Coll Cardiol 2018;71:1540-9



• Cross-reactivity of cTnT with skTnT: <0,003%

• cTnT is, however, also expressed in skeletal muscle

cTnT in patients with myopathy

Vroemen WHM et al. J Am Coll Cardiol 2018;72:347-9



Am J Cardiol 2018;122:735-743

Optimal peak hs-cTnT cutoffs for rule in and rule out ejection fraction <40% at 6 months.

Peak cTnT value correlates with infarct size


