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SUMMARY

• Impact of working up patients for AMI on crowding and flow

• Troponin metrics and characteristics

• Historical use of x2 troponin measurements

• High precision assays make rule-out possible with single ‘baseline’ test

• Evidence is very strong with central lab. assays

• Evidence now emerging with new point-of-care (POC) assays



If there was faster turnaround of troponin 
results…..would it help?
• Value stream mapping



Value stream 
mapping





All troponin assays are different

• They use varying antibodies for signal creation

•Understand yours

• Additionally, point-of care assay do NOT meet accuracy of lab assays





How to find details about your assay

• IFCC troponin table

• IFCC = International Federation of Clinical Chemistry

• http://www.ifcc.org/ifcc-education-division/emd-committees/task-
force-on-clinical-applications-of-cardiac-bio-markers-tf-cb/

http://www.ifcc.org/ifcc-education-division/emd-committees/task-force-on-clinical-applications-of-cardiac-bio-markers-tf-cb/


Analytical characteristics of commercial and research 
cardiac troponin I and T assays declared by the manufacturer

Limit of Detection (LoD): is the lowest analyte 
concentration at which reliable detection is feasible 
(though it may not be able to do this with consistent accuracy).



Analytical characteristics of commercial and research 
cardiac troponin I and T assays declared by the manufacturer

The 99th percentile (mean ± 3 standard deviations) 
A cut-off below which 99% of the results occurred in a 
(apparently) healthy reference population. 

Levels recorded above this are considered to be abnormal.



Analytical characteristics of commercial and research 
cardiac troponin I and T assays declared by the manufacturer

The coefficient of variation (CV): a lab statistical 
term for assay consistency 

It describes the reproducibility of a result at a given 
level if the same sample were to be tested over and 
over again.



The precision of an assay (represented by the CV) 
worsens at lower levels of detection. 



WHAT DOES THIS MEAN?

• Variation is low (that’s good) at high concentrations

• But that is not where we make rule-out decisions

• Variation increases (gets worse) at lower concentrations



What is meant by % Detection 
above the LoD? 

Troponin level
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What is meant by % Detection 
above the LoD? 
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Diagnostic 2x2 table



AMI No AMI

TROPONIN 
POSITIVE

True positive (TP) False positive (FP)

TROPONIN 
NEGATIVE

False negative (FN) True negative (TN)



Patient numbers

Example increasing troponin 
concentrations





Individual 
patient

Troponin assays 
with high precision 
allow reliable 
measurement at 
low concentrations



Event of interest is AMI

AMI No AMI



AMI No AMI



AMI No AMI

TROPONIN 
POSITIVE

True positive 
(TP)

False positive 
(FP)

TROPONIN 
NEGATIVE

False negative 
(FN)

True negative 
(TN)





Sensitivity = TP/(TP+FN) Specificity = TN/(TN+FP)

Positive Predictive Value 
= TP/(TP+FP)

Negative Predictive Value 
= TN/(TN+FN)

95% 81%

55%

98%

Prevalence = (TP+FN)/n

21%



There is a threshold 
below which there are 0 
false negatives

Not previously reliable 
with old assays





High-sensitivity cardiac troponin I at presentation in patients 

with suspected acute coronary syndrome 
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High-sensitivity cardiac troponin I assay

In 4,739 consecutive patients with suspected ACS1

A risk stratification threshold of <5 ng/L at presentation:

Defining a risk stratification threshold at presentation

1. Shah AS et al. High-sensitivity cardiac troponin I at presentation in patients with suspected acute coronary syndrome. Lancet. 2015

for myocardial infarction or 

cardiac death at 30 days

NPV 99.6% 
(95%CI 99.3 – 99.8)

>50% of patients



Prospective studies of
patients with suspected

acute coronary syndrome
 

High-sensitivity cardiac
troponin I measured at

presentation
 

All diagnoses
adjudicated using Third

Universal Definition 
 

System atic review  and 
 individual patient-level data m eta-analysis

 

PREVALENCE OF PRIMARY OUTCOME
 

Only studies evaluating
the same question

 

Extract the study results
 

Derive meta-estimate
 

No new analysis
 

Obtain raw data from study
of target population 

  
New results from novel 

 analysis in each study 
  

Meta-estimate new results
  

Subgroup analysis 
  

VS

META-ANALYSIS
 Conventional vs IPD

 

Key  ndings
 

<5 ng/L
 

Safe - lower thresholds
do not improve safety

 

Important considerations
in high risk patients 

 

Effective - identifies
almost 50% of patients

as low risk
 

No test is perfect
 Use the ECG and 
 clinical judgement
 

Clinical im plications
 

<5 ng/L
 

Largest study to evaluate risk stratification thresholds
  

 
Has the potential to change clinical practice and guidelines

  
 
Randomised controlled trial data on the way

 

Cardiac troponin
 

<5 ng/L
 

Contem porary cardiac troponin assays
 

<5 ng/L
 

High-sensit ivity cardiac troponin assays
 

<5 ng/L
 

Risk strati cation
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What is the optimal threshold to rule out myocardial infarction?

22,457

patients



Secondary analysis of different thresholds
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<5	ng/L*
>16	ng/L	(women)
>34	ng/L	(men)

CHANGE	<3	ng/L
AND

≤16	ng/L	(women)
≤34	ng/L	(men)

≤16	ng/L	(women)
≤34	ng/L	(men)

≥5	ng/L AND
≤16	ng/L	(women)
≤34	ng/L	(men)

>16	ng/L	(women)
>34	ng/L	(men)

CHANGE	≥3	ng/L
AND

≤16	ng/L	(women)
≤34	ng/L	(men)

Admit	and	hs-cTnI	6	hours	from	presentation

>16	ng/L	(women)
>34	ng/L	(men)
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Repeat	hs-cTnI	3	hours	from	presentation

Suspected	acute	coronary	syndrome

Electrocardiogram	with	clinical	
assessment	and	high-sensitivity	
cardiac	troponin	I	(hs-cTnI)

Diagnostic	ECGNon- diagnostic	ECG

Admit	and	hs-cTnI	at	6	hReview	hs-cTnI	at	presentation



Single test rule-out of acute myocardial infarction 
with a novel point-of-care troponin assay: an early 

report of a prospective observational study

John W Pickering, Joanna M Young, Peter M George, Antony S Watson, 
Sally J Aldous, Richard W Troughton, Christopher J Pemberton, A Mark 

Richards, Louise A Cullen, Martin P Than

JAMA Cardiology Oct 2018

Christchurch Hospital, University of Otago Christchurch, Assure Health, National 
University of Singapore, Royal Brisbane and Women’s Hospital, Brisbane



Setting

• single, regional, general and tertiary metropolitan ED



PARTICIPANTS

• Adults (≥18yrs)

• Acute presentation from community

• Symptoms suggestive of AMI

• Clinician intention to investigate for AMI with troponins

Exclusions

STEMI 

Clear non-cardiac cause

transfers



TnI-Nx



Does TnI-Nx have same accuracy for AMI as hs-TnI? 

• Compared TnI-Nx and hs-cTnI concentrations in 2629 blood samples. 

• There was a very high agreement between the two assays, and on 
presentation

• no difference observed in discrimination ability for AMI 

(TnI-Nx AUC 0.975 cf hs-cTn AUC 0.970; p=0.46). 



TnI-Nx (red)

AUC = 0.975 
(95%CI: 0.958 to 0.993 )

hs-cTnI (black)

AUC = 0.970 
(95%CI: 0.949 to 0.990 )

Comparison of ROC curves



Can TnI-Nx give safe baseline rule-out?

• If so
• In what proportion of patients?



Variable Entire cohort
(n=354)

Male (%) 255 (72.0 %)

Age, mean (SD) 62 +/- 12

Smoking, No. (%) 46 (13.2 %)

Blood Pressure, mean (SD), mm Hg

Systolic 148 +/- 27

Diastolic 83 +/- 14

Diabetes, No. (%) 46 (13.0%)

Dyslipidemia, No. (%) 234 (66.0%)

Hypertension, No. (%) 189 (53.3%)

Previous Heart Failure, No. (%) 19 (5.4%)

Previous Myocardial Infarction, No. (%) 100 (28.2%)

Peripheral Vascular disease, No. (%) 21 (5.9%)

Previous Angina, No. (%) 159 (44.9%)
Previous CABG, No. (%) 21 (5.9%)

Previous PTCA, No. (%) 106 (29.9%)

Previous TIA, No. (%) 12 (3.4%)

Time from symptom onset
Median (IQR), h 4.5 (3-8.1)
< 2h, No. (%) 28 (7.9%)
2 to <3h, No. (%) 57 (16.1%)
3 to 24h, No. (%) 269 (76.0%)



11ng/L

3 ng/L



Below 11ng/L 
NO FNs
=57% of patients



Test Disease Not Disease

>= 11 ng/L 57 96

< 11 ng/L 0 201

Sensitivity: 100%  (93.7% to 100%) 

NPV: 100% (98.2% to 100%) 

Negative: 57%

TnI Nx

Test Disease Not Disease

>= 3 ng/L 57 143

< 3 ng/L 0 154

Sensitivity: 100% (93.7% to 100%) 

NPV: 100% (97.6% to 100%) 

Negative: 44%

hscTnI



CONCLUSION

• New generation of troponins allow accurate use of very thresholds for 
rule-out of AMI

• Rule-out of AMI using a single (baseline) lab. test now proven

• In near future
• Single test rule-out using point of care (15-minute turnaround)



THANK YOU



Question to the Audience

If you were a patient and your doctor told you that an important test 
result was ‘negative’ would you be satisfied and reassured?

1. Yes

2. No



Question to the Audience

If you were a patient and your doctor told you that the result of an 
important test suggested that you had a 1 in 7 chance of death in the 
next 3-4 years would you be satisfied and reassured?

1. Yes

2. No



Question to the Audience

What is the significance to the patient of being diagnosed with 
NSTEMI?

1. Recognised increase in ongoing risk

2. Thorough further investigations

3. Secondary prevention Rx

4. Insurance





Stable H-S Cardiac Troponin T Levels and Outcomes in Patients With Chest Pain: 
Selection of Study Population

Roos A, et al. J Am Coll Cardiol. 2017;70:2226-2236. 



Roos A, et al. J Am Coll Cardiol. 2017;70:2226-2236.

Stable H-S Cardiac Troponin T Levels and Outcomes in Patients with Chest Pain: 
Patient Characteristics



Values are n (%) or % (95% CI) unless otherwise indicated. *End of follow-up for all-cause mortality was March 28, 2016. † Multivariable adjustment was made for age, sex, eGFR, prior MI, heart failure, stroke, chronic obstructive 
pulmonary disease, atrial fibrillation, diabetes, hypertension, and treatment with aspirin, beta-blockers, ACE inhibitor/ARBs, and statins. ‡ End of follow-up for cardiovascular mortality, non-cardiovascular mortality, MI, and heart 
failure was December 31, 2014. Cases of cardiovascular mortality and noncardiovascular mortality do not add up to cases of all-cause mortality because of the different follow-up times for all-cause and cause-specific mortality. Rate 
per year means number of events per 100 person-years. 

Roos A, et al. J Am Coll Cardiol. 2017;70:2226-2236. 

Hazard Ratios for All-Cause Mortality, MI, and Heart Failure Related to hs-cTnT 
Levels in 19,460 Patients Without MI



Values are n (%) or % (95% CI) unless otherwise indicated. *End of follow-up for all-cause mortality was March 28, 2016. † Multivariable adjustment was made for age, sex, eGFR, prior MI, heart failure, stroke, chronic obstructive 
pulmonary disease, atrial fibrillation, diabetes, hypertension, and treatment with aspirin, beta-blockers, ACE inhibitor/ARBs, and statins. ‡ End of follow-up for cardiovascular mortality, non-cardiovascular mortality, MI, and heart 
failure was December 31, 2014. Cases of cardiovascular mortality and noncardiovascular mortality do not add up to cases of all-cause mortality because of the different follow-up times for all-cause and cause-specific mortality. Rate 
per year means number of events per 100 person-years. 

Roos A, et al. J Am Coll Cardiol. 2017;70:2226-2236. 

Hazard Ratios for All-Cause Mortality, MI, and Heart Failure Related to hs-cTnT 
Levels in 19,460 Patients Without MI



Roos A, et al. J Am Coll Cardiol. 2017;70:2226-2236. 

Hazard Ratios for All-Cause Mortality, MI, and Heart Failure Related to hs-cTnT 
Levels in 19,460 Patients Without MI



Cumulative mortality in relation to different levels of high-sensitivity cardiac troponin T.

Elevated Troponin Levels and Outcomes: Cumulative Mortality in Patients With 
Chest Pain

Roos A, et al. J Am Coll Cardiol. 2017;70:2226-2236. 



Hazard Ratios (95% CIs) for the Association Between Different Levels of hs-cTnT 
and All-Cause Mortality in Different Subgroups of Patients

Heart Disease
Yes

Coronary Artery Disease
Yes

Atrial Fibrillation
Yes

Time Period
Jan 1, 2011-Apr 24, 2012

Apr 25, 2012–Oct 20,2014

No

No

No

Age
<60 years

60-79 years

>79 years

Sex
Male

Female

eGFR
>60mL/min

15-60mL/min

Heart Failure
Yes

No

Roos A, et al. J Am Coll Cardiol. 2017;70:2226-2236. 





MACE = major adverse cardiovascular event

Observational Study of Patients Recruited in the Emergency Department With 
Possible ACS: Flow Chart of Data Available for Analysis 

Than M, et al. Clin Chem. 2018;64:1044-1053. 



Kaplan-Meier plots of cumulative MACE



Kaplan-Meier plots of cumulative MACE



Kaplan-Meier plots of cumulative death



Cumulative MACE for Patients With and Without Index Admission MACE

Than M, et al. Clin Chem. 2018;64:1044-1053.



The hs-cTn thresholds in (B) and (C) are chosen to give at least an equivalent 5-year cumulative MACE as for patients with index admission MACE of 0.33 (33%).

Cumulative MACE for Patients Split According to hs-cTnI (B) and hs-cTnT (C) 
Thresholds: Inpatients Without Index Admission MACE

<16

>=16

<10

>=10

Than M, et al. Clin Chem. 2018;64:1044-1053.



Question to the Audience

The use of terms such as “troponitis”, “troponin leak” and 
“troponinemia” in clinical practice is OK

1. Agree

2. Disagree



Messages

• Detectable troponin at concentrations < 99th percentile increase CV 
risk

• Hs-cTnT additionally has prediction for mortality

• We need to develop strategies/guidance for clinicians 


