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Introduction
Cardiovascular disease is the leading cause  
of mortality for both sexes worldwide.1 
Approximately 1 in 10 people visiting the ED 
present with signs and symptoms suggestive  
of AMI. The majority of patients will be negative 
for AMI or have other conditions. Those 
diagnosed with AMI need immediate treatment, 
and thus it is important that patients be triaged 
expeditiously upon arrival to the ED. Cardiac 
biomarkers are central for the early diagnosis  
of AMI, along with ECG and clinical assessment. 
Cardiac troponins (cTnI and cTnT) are released 
from the heart soon after AMI and are the 
preferred biomarkers for this use.2 Over the past 
20 years the analytical sensitivity and precision 
of cTn assays have improved for very low cTn 
concentrations.3-6 The most analytically sensitive 
assays are termed “high-sensitivity cardiac 
troponin” (hs-cTn) and are defined in universal 
expert consensus documents.2,7-11 The advantages 
of hs-cTn assays include earlier diagnosis and 
risk stratification in patients presenting to the 
ED with suspected AMI; this has led to decreased 
congestion and length of time spent in the ED 
and healthcare cost savings.2,10,12-16 

High-sensitivity TnI assays are not harmonized 
or standardized; values from one assay cannot 
be directly compared with those from another 
assay, and cutoff values must be determined  
for each assay. For rule-out of AMI, guideline-
recommended optimal cTnI cutoff points  

Glossary of Terms
ACS:  Acute coronary syndrome

AMI:  Acute myocardial infarction

APACE:  Advantageous Predictors of Acute  
 Coronary Syndrome Evaluation

AUC:  Area under the curve

d:  Day(s)

ECG:  Electrocardiography

ED:  Emergency department

h:  Hour(s)

High-STEACS:  High-Sensitivity Troponin in  
 the Evaluation of Patients with  
 Acute Coronary Syndrome

hs-cTn:  High-sensitivity cardiac troponin

LoB:  Limit of blank

LoD:  Limit of detection

LoQ:  Limit of quantitation

URL:  99th percentile upper reference limit

NIST:  National Institute of Standards  
 and Technology

NPV:  Negative predictive value

NSTEMI:  Non-ST-elevation  
 myocardial infarction

PPV:  Positive predictive value

QC:  Quality control

ROC:  Receiver operator curves

SRM:  Standard reference material

STEMI:  ST-elevation myocardial infarction

Tn:  Cardiac troponin

U.S.  United States Federal Food 
Federal FDA:  and Drug Administration   
 

are detection capability parameters (e.g., LoD)  
and low cutoff values;15 for AMI rule-in,  
the guideline-recommended optimal cut point  
is the 99th percentile URL with a temporal rise 
and/or fall. Superior precision is imperative  
for rule-out strategies (based on very low and 
low cutoff values), for determining significant 
changing patterns, and for rule-in strategies 
based on the 99th percentile URL. Myocardial 
injury (cell necrosis/death) conditions other 
than AMI are also characterized by elevated 
levels of cTn (above the 99th percentile URL) 
and require careful clinical assessment. Acute 
myocardial injury conditions other than AMI 
may also demonstrate a significant rising/falling 
pattern. but elevated concentrations in chronic 
myocardial injury conditions remain fairly stable 
compared to the significant rising and/or falling 
pattern seen in acute myocardial injury patients.

 
High-Sensitivity Cardiac Troponin  
Literature Compendium (Part I)
The first three articles in this compendium 
address current universal definitions of 
myocardial injury and AMI and guidelines  
for the use of hs-cTn assays in the diagnosis  
of AMI. The remaining two articles describe 
studies that validate the use of the  
ADVIA® Centaur High-Sensitivity Troponin I  
assay from Siemens Healthineers at different 
clinical institutions. 
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• Aspire to report results <60 min from sample collection 
to result. 

• Labs should alert clinicians about the role of analytical  
and biological variation in interpreting serial cTn 
measurement results.

Authors’ Conclusions
“These recommendations have been developed to 
provide consistency and knowledge in areas where 
formal guidelines and/or a substantial data-driven 
literature was lacking…It is our hope that by providing 
suggestions in these areas, we can help to fill gaps in  
our practices and by doing so, move the field forward.”

Significance 
• Universal guidelines for the performance and use of 

cTn assays serve as a reference to healthcare 
professionals, laboratorians, and manufacturers.

• Sex-specific cutoffs are recommended.

• Pre-analytical and biological variation should be 
considered when performing serial measurements.

• Education is key for informing clinicians that results 
from different assays cannot be directly compared; 
parameters of each assay should be reported.

Clinical Laboratory Practice Recommendations

Objective
Provide global guidelines for the clinical laboratory  
use of hs-cTn assays.

Methods
Recommendations were based on opinions by  
experts in lab medicine, cardiology, and in vitro 
diagnostics manufacturers. 

Results 
Recommendations:

• Measure at least three levels of hs-cTn and two levels 
of cTn QC materials at least once daily.  

• Validate LoB, LoD, LoQ prior to assay use according to 
outside U.S. (LoD) or U.S. Federal FDA (LoQ20) 
requirements. 

• hs-cTn reporting units = ng/L, whole numbers;  
cTn = µg/L, two significant figures. hs-cTn and cTn  
QC = one and three decimal places, respectively. 

• Determine the 99th percentile URL to define hs-cTn 
reference interval in at least 300 men and 300 women. 

• Define assay as hs-cTn if 50% men and 50%  
women have detectable cTn and <10%CV at  
99th percentile URL. 

• Labs should educate clinicians about pre-analytic/
analytic issues that can affect results (e.g., interfering 
substances; results from different assays and systems 
cannot be compared); assay specifics should 
accompany each report. 

• Authors of hs-cTn assay studies should document 
pre-analytical/analytical variables (99th percentile  
URL, detection limits) because assays cannot be 
directly compared. 

• Commutable serum SRM 2922 is being developed by 
NIST for harmonizing and standardizing assay results.

Clinical laboratory practice recommendations for the use of cardiac troponin in acute 
coronary syndrome: expert opinion from the Academy of the American Association  
for Clinical Chemistry and the Task Force on Clinical Applications of Cardiac Bio-Markers  
of the International Federation of Clinical Chemistry and Laboratory Medicine 
Wu AHB, Christenson RH, Greene DN, et al. Clin Chem. 2018;64:645-55. 
https://doi.org/10.1373/clinchem.2017.277186

• Single test for patients >3 h from chest pain onset  
with very low hs-cTn (e.g., <LoD); not recommended 
for those <3 h from chest pain onset—should do  
serial testing.

• Use sex-specific 99th percentile.

• Use a 3-h protocol for inpatients because of potential 
false negatives due to delayed falling pattern, and 
caveats for differentiating long-term hs-cTn elevations 
and different types of myocardial injury and MI.

Authors’ Conclusions
“Although much of the knowledge regarding troponin 
biology that was applicable with older troponin assays 
still holds true, considerable education regarding the 
differences between conventional cTn and hs-cTn is 
needed before medical systems convert to the newer 
methods. This includes a basic understanding of how 
hs-cTn testing differs from conventional cTn testing  
and how it is best deployed in different settings, such  
as the emergency department and inpatient services. 
This Expert Panel will review important concepts  
for institutional transition to hs-cTn methodology, 
providing recommendations useful for education  
before implementation.”

Significance
This paper serves as a reference for healthcare 
professionals to help them in the transition from 
conventional cTn to hs-cTn assays and to differentiate AMI 
from other myocardial injury conditions.

Effective Transition from Conventional  
cTn to hs-cTn Assays

Objectives
Provide a framework for healthcare professionals  
for a successful transition from conventional  
cTn to hs-cTn assays. 

Methods 
This expert consensus document was based on presently 
available scientific and medical evidence and compiled 
by the JACC Scientific Expert Panel with broad expertise 
in laboratory and emergency medicine, cardiology, and 
inpatient settings.

Results
Recommendations:

• Gradual phased educational process (weeks to months) 
for all clinical services involved to highlight differences 
between conventional cTn and hs-cTn assays, with 
respect to:

 – Lab methods, interpretation of hs-cTn results, 
approach to confusing results 

 – How to incorporate hs-cTn into local systems of care 
(i.e., strategy for ED vs. inpatient testing): Involve 
lab, ED, cardiology, hospital medicine, surgery, 
anesthesia, critical care, nursing, other

 – Maintaining continuous process: Monitor hs-cTn 
ordering, interpretation, patient treatment;  
evaluate outcomes

• Keep in mind that some myocardial injury  
conditions other than acute MI also show  
an acute rising/falling pattern. 

• For ED-based testing, rule out MI by use of  
Time 0 plus 1-, 2-, or 3-h hs-cTn measurement,  
along with risk score.

• For patients >3 h from chest pain onset, a 0/1-h 
algorithm with ADP can yield good sensitivity and NPV. 

Recommendations for institutions transitioning to high-sensitivity troponin testing:  
JACC Scientific Expert Panel
Januzzi JL Jr, Mahler SA, Christenson RH, et al. J Am Coll Cardiol. 2019;73:1059-77. 
https//doi.org/10.1016/j.jacc.2018.12.046
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*Stable cTn values refer to <20% changing pattern depending on clinical assessment.

cTn values >99th percentile URL

cTn values stable*

cTn acute ischemia
signs/symptoms

No acute ischemia
signs and symptoms

Acute 
myocardial infarction

Acute 
myocardial injury

Chronic 
myocardial injury

Type 1 MI:
Atherosclerosis, thrombosis
• Plaque rupture
• Plaque erosion

Type 2 MI:
O2 supply/demand
•  Severe hypertension
•  Sustained tachyarrhythmia

For example:
•  Acute heart failure
• Myocarditis

For example:
•  Structural heart disease
•  Chronic kidney disease

cTn rising and/or falling

Objective
Update healthcare professionals on the universal 
definition of myocardial infarction (MI) in the era  
of hs-cTn assays. 

Methods 
This expert consensus document was based on the 
scientific and medical evidence available and compiled 
by the Executive Group on behalf of the Joint European 
Society of Cardiology/American College of Cardiology/
American Heart Association/World Heart Federation  
Task Force for the Universal Definition of MI. 

Results
• cTn levels >99th percentile URL are found in ischemic 

myocardial injury (AMI) and nonischemic myocardial 
injury (acute and chronic). 

• Biomarkers cTnI and cTnT can differentiate chronic 
myocardial injury and AMI; cTn levels in the circulation 
after MI show a rising/falling pattern, whereas cTn 
levels are stable in chronic injury. (However, a rising/
falling pattern may not be present for acute MI 
patients presenting very early or late, or at the peak  
of cTn release.) 

• 99th percentile URL values differ by manufacturer  
for different cTn and hs-cTn assays. 

• Analytical issues affect imprecision at the 99th 
percentile; the % normal people with detectable  
cTn by hs-cTn will be greater vs. previous- 
generation assays.

• Proposed algorithms for myocardial injury and MI 
diagnosis (0/1-h, 0/2-h, 0/3-6-h, rise and/or fall in  
cTn/hs-cTn values with one value >99th percentile 
URL), plus ECG and clinical assessment.

Fourth universal definition of myocardial infarction (2018)
Thygesen K, Alpert JS, Jaffe AS, et al. Glob Heart. 2018;13(4):305-38  
https//doi.org/10.1016/j.gheart.2018.08.004 

J Am Coll Cardiol. 2018;72(18):2231-64 
https//doi.org/10.1016/j.jacc.2018.08.1038

Eur Heart J. 2019;40(3):237-690  
https//doi.org/10.1093/eurheartj/ehy462

Definition of Myocardial Infarction

Authors’ Conclusions 
“A consistent approach [should] be used in the 
construction of the computable phenotype of MI  
so as to reliably make comparisons across institutions  
and track epidemiological trends. Ideally, the information 
provided should include the assay used to make the 
diagnosis of MI, the 99th percentile of the URL, and  
the full sequence of values obtained to discern a rise  
and fall in biomarker levels.”

Significance
• This paper serves as a reference for healthcare 

professionals to help them differentiate AMI from 
other myocardial injury conditions. 

• Several myocardial injury conditions (ischemic AMI  
and nonischemic injury [acute cardiac and noncardiac]) 
and chronic myocardial injury have cTn levels >99th 
percentile URL, especially when using hs-cTn assays. 
Biomarkers are to be used along with ECG and clinical 
assessment. The importance of a true serial change  
is underscored.

Early:
Serial change 
detectable; low 
cTn rises >99th 
percentile URL

Very early:
Serial change 
hard to see;
low cTn

Peak of cTn release:
Serial change may be 
undetectable with cTn 
>99th percentile URL 

Late after pain onset:
Serial change smaller with 
cTn >99th percentile URL 
 

Hours after symptom onset

Blood draw 

99th percentile URL
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Acute myocardial infarction
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Results 
• Demonstrated high AUC for ADVIA Centaur High-

Sensitivity Troponin I assay, comparable to Roche  
ELECSYS Troponin T hs STAT and Abbott STAT High 
Sensitive Troponin-I assays by ROC analysis.

• Regression analysis between ADVIA Centaur High-
Sensitivity Troponin I assay (tested 2018) and Abbott 
STAT High Sensitive Troponin-I assay (tested 2013) 
showed higher concentrations for ADVIA Centaur  
High-Sensitivity Troponin I assay;  

• The ADVIA Centaur High-Sensitivity Troponin I and 
Abbott STAT High Sensitive Troponin-I assay results were 
higher than the Beckman Access AccuTnI+3 assay (tested 
in 2017).  For newly collected samples, ADVIA Centaur 
High-Sensitivity Troponin I assay results were higher than 
Abbott STAT High Sensitive Troponin-I and similar to 
those obtained for 2003 samples, indicating need for 
assay-specific cutoffs.

Authors’ conclusions
“In serum, the Siemens Healthineers ADVIA Centaur hs-cTnI 
assay had excellent clinical performance for MI in an early 
chest pain onset population, acceptable precision at 
normal and highly elevated cTnI concentrations, long-term 
storage stability (15 y storage below –70°C) and acceptable 
freeze-thaw stability, all of which supports serum as an 
acceptable sample type to use in clinical studies and in 
clinical practice.”

Evaluation of ADVIA Centaur High-Sensitivity 
Troponin I Assay with Serum Samples

Objectives
• Evaluate performance of the Siemens Healthineers 

ADVIA Centaur High-Sensitivity Troponin I (TNIH) Assay 
in serum. 

• Compare with Roche and Abbott hs-cTn assays  
at 0, 3, and 6 h.

• Compare to APACE cohort (samples collected 2006–
2013, stored at –80°C).16

Methods
• Serum samples at 0, 3, and 6 h from patients <6 h after 

chest pain onset from 2003, which had Roche, Beckman, 
and Abbott hs-cTn results.

• Patient outcome was AMI by 72 h.

• ROC analyses for MI at highest concentration per patient 
for MI up to 6 h in ED for the three hs-cTn assays.

• Performed method comparison (hs-cTnI >LoQ) between 
ADVIA Centaur High-Sensitivity Troponin I assay (tested 
in 2018 on samples from 2003) and Abbott STAT High 
Sensitive Troponin-I (tested in 2013 on samples from 
2003) and Beckman Coulter Access AccuTnI+3 (tested  
in 2017 on samples from 2003), and for newly collected 
samples (in 2018, frozen <1 month) between ADVIA 
Centaur High-Sensitivity Troponin I and Abbott STAT  
High Sensitive Troponin-I.

• Evaluated imprecision in three serum pools, stability, and 
freeze-thaw cycles (Siemens Healthineers and Abbott).

Evaluation of the Siemens Healthineers ADVIA Centaur high-sensitivity cardiac  
troponin I assay in serum
Kavsak PA, Worster A, Hill A, Jaffe A. Clin Chim Acta. 2018;487:216-21. 
https//doi.org/10.1016/j.cca.2018.10.012

AUC from ROC curve for AMI using highest concentration for three hs-cTn assays  
in the first 6 h in ED. 
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Significance
• Results support serum as an appropriate sample  

type for the Siemens Healthineers High-Sensitivity 
Troponin I assay. 

• Results validate the performance of the ADVIA Centaur 
High-Sensitivity Troponin I Assay for the APACE cohort 
serum samples that were stored long term by another 
global cardiac research group.16

• This work provides a reference for the ADVIA Centaur 
High-Sensitivity Troponin I Assay for key cardiac studies 
and clinical practice.

• High, similar diagnostic performance of the 
Siemens Healthineers High-Sensitivity Troponin I assay 
compared to Roche and Abbott assays for MI in an early 
chest pain population will give clinicians the confidence 
to use serum samples and the ADVIA Centaur High-
Sensitivity Troponin I Assay for risk stratification of 
suspected ACS patients. 
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Authors’ conclusions
“There is excellent agreement in concentrations between 
lithium heparin plasma and serum with the Siemens  
Healthineers ADVIA Centaur hs-cTnI assay; however, cTnI 
concentrations in EDTA plasma are lower. Reference 
intervals and clinical studies in EDTA plasma for the 
Centaur hs-cTnI assay are required before clinical use.”

Significance
• Patient pool QC results show that the ADVIA  

Centaur High-Sensitivity Troponin I Assay’s analytical 
performance in different plasma matrices is similar  
to other hs-cTn assays.

• Close agreement between LiHep and serum for the 
ADVIA Centaur High-Sensitivity Troponin I assay 
indicates that the same 99th percentile may be used 
for both sample types, but not for EDTA sample types.

• Samples should be tested as soon as possible after 
collection or, for long-term storage, stored frozen 
below –20°C.

• Correlations and agreement with the Abbott assay  
are not optimal, and therefore different cutoff  
values for ruling out AMI may be needed for the 
Siemens Healthineers hs-cTnI assay.

• Values in EDTA are lower than in LiHep. The ADVIA 
Centaur High-Sensitivity Troponin I requires a  
reference interval and clinical study before it can  
be used clinically, even though EDTA is suitable  
for the TnI-Ultra™ assay. 

Objective
Evaluate ADVIA Centaur High-Sensitivity Troponin I Assay 
sample matrices and storage conditions.

Methods
• Evaluated citrate phosphate dextrose (CPD), lithium 

heparin plasma (LiHep), and EDTA plasma (EDTA) QC 
patient pools <10 ng/L for imprecision and at 99th 
percentile and higher.

• Evaluated regression and difference plots between 
serum and LiHep, LiHep and EDTA, and ADVIA Centaur 
High-Sensitivity Troponin I and Abbott hs-cTnI assays.

• Evaluated stability for <20% from baseline for two 
pools each for LiHep and EDTA; cTn concentration 
below female 99th percentile and another several-fold 
above; stored at room temperature and 2–8°C over 
four days.

Results
• Imprecision: For CPD, LiHep, EDTA <10 ng/L, SD was  

<1 ng/L; at 99th percentile and higher, %CV was <6%.

• Method comparison: 

 – ADVIA Centaur High-Sensitivity Troponin I assay 
serum vs. LiHep: excellent agreement.

 – ADVIA Centaur High-Sensitivity Troponin I assay 
EDTA vs. LiHep: EDTA concentrations lower.

 – ADVIA Centaur High-Sensitivity Troponin I assay 
LiHep vs. Abbott: ADVIA Centaur High-Sensitivity 
Troponin I assay concentration higher.

 – ADVIA Centaur High-Sensitivity Troponin I assay 
LiHep vs. Abbott: ADVIA Centaur High-Sensitivity 
Troponin I assay LiHep concentration higher.

 – ADVIA Centaur High-Sensitivity Troponin I assay 
EDTA vs. LiHep: EDTA concentrations lower.

• Stability: Hs-cTn values in serum and EDTA change 
from values at baseline by 1 day at room temperature 
and up to 4 days at 4–8°C. Hs-cTn values in LiHep were 
lower by 1 day at room temperature and by 2 days  
at 4–8°C.

Sample matrix and high-sensitivity cardiac troponin I assays
Kavsak PA, Roy C, Malinowski P, Clark L, Lamers S, Bamford K, Hill S, Worster A, Jaffe AS. CCLM. 2019;57:745-51. 
https//doi.org/10.1515/cclm-2018-1100
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