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What makes an assay a high sensitivity assay



What makes an assay a high sensitivity assay

ÅA high sensitivity assay refers to the assays analytical 

characteristics, it does not mean a different form of 

troponin is being measured

ÅTotal imprecision at the 99th percentile should be <10%

ÅThe assay should detect at least 50% of healthy 

individuals above the LoD of the assay

ÅResults should be reported in ng/L

Apple and Collinson Clin Chem 2012;58:54-61



Assay performance to achieve a true 99th centile
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Impact of assay performance on the 99th

percentile - range of the 99th percentile
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Apple et al Clin Chem 2005; 51 2198-2200

Impact of 10% vs. 25% CV at the decision limit ï

shift in 99th centile



Impact of imprecision on reference change 

value (RCV) or delta change

ÅUtilises one tailed probability

ï+/- 1.65 * ã2 * SD or 2.33 * CVa. (95%)

ï+/- 2.33 * ã2 * SD  or 3.30 * CVa (99%)
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Short-term analytical and biological 

variation by hs-cTn assays. 

Abbott Beckman Roche (E170)b Siemens Singulex

CV-A, % 13.8 14.5 7.8 13.0 8.3

CV-I, % 15.2 6.1 15.0 12.9 9.7

CV-G, % 70.5 34.8 NA 12.3 57

Index of individuality 0.22 0.46 NA 0.11 0.21

RCV, % NA NA 47.0 NA NA

RCV increase, % 69.3 63.8 NA 57.5 46.0

RCV decrease, % ī40.9ī38.9 NA ī36.5ī32

Within-individual mean, ng/L 3.5 4.9 NA 5.5 2.8



How can you tell an assay is an hs assay



Scorecard designations of cTn assays. 

Acceptance designation Total imprecision at the 99th percentile, CV%

Guideline acceptable <10

Clinically usable > 10 to   < 20

Not acceptable >20

Assay designation Measurable normal values below the 99th percentile, %

Level 4 (third generation, hs) > 95

Level 3 (second generation, hs) 75 to < 95

Level 2 (first generation, hs) 50 to < 75

Level 1 (contemporary) <50

Adapted from Apple Clin Chem 2009



Positive samples in a reference population
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Company/platform/assay LOD 99th percentile ng/L 10% CV ng/L

Abbott Architect hs 1.9 26.2 4.7

Roche cTnT hs 5 14 13

Beckman Access AccuI+3 1 40 30

Siemens Centaur Ultra 6 40 30

Siemens Stratus CS 30 70 60

Siemens VISTA 15 45 40

Siemens Dimension EXL 17 56 50

Mitsubishi Pathfast 8 29 14

Ortho Vitros ES 12 34 34

Abbott Architect 20 28 32

Beckmann Access AccuI 10 40 60

Radiometer AQT90 cTnT 8 17 26

Radiometer AQT90 cTnI 9.5 23 39



Why shift to a hs assay

ÅGuideline recommended

ÅAssay performance

ÅClinical utility



Evolution of Diagnostic 

Criteria for AMI using cTn
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Clinical advantages of hs Tn assays

ÅRole of other markers

ÅSpeed of diagnosis

ÅImproved case detection

ÅNovel rule out strategies



Receiver operator characteristic curves for cardiac biomarkers for the 
diagnosis of acute myocardial infarction on admission.

Collinson P et al. Heart 2012;98:312-318

cTnI 1 0.96 0.93 to 0.98

CK-MB 1 0.85 0.80 to 0.90

Myoglobin 1 0.75 0.68 to 0.81



Keller, T. et al.N.Engl.J.Med.2009; 361, 868-877.
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Diagnostic Performance of Cardiac Troponin Assays at Presentation

Reichlin T et al. N Engl J Med 2009;361:858-867



Keller, T. et al.N.Engl.J.Med.2009; 361, 868-877.



Receiver operating characteristic curve for biomarker measurements on admission for the 
diagnosis of acute myocardial infarction. cTnI CS 1, cTnI Stratus CS; cTnI B, cTnI Beckmann; cTnI 
S 1, cTnI Siemens; cTnT 1, cTnT; HFABP 1, heart fatty acid binding protein; Copeptin 1, copeptin.

Collinson P et al. Heart 2014;100:140-145



Mills NL, Churchhouse AM, Lee KK et al. Implementation of a sensitive troponin I 

assay and risk of recurrent myocardial infarction and death in patients with 

suspected acute coronary syndrome. JAMA2011;305:1210-6.





Mills NL, Lee KK, McAllister DA et al. Implications of lowering threshold of 

plasma troponin concentration in diagnosis of myocardial infarction: cohort study. 

BMJ2012;344:e1533. 



Proportion of men and women with diagnosis of type 1 myocardial infarction and type 2 
myocardial infarction or myocardial injury using the contemporary troponin I assay (single 

threshold 50 ng/L) and high sensitivity troponin I assay (single threshold 26 ng/L, and sex specific 
threshold 34 ng/L for men and 16 ng/L for women). 

Anoop S V Shah et al. BMJ 2015;350:bmj.g7873



Reduction of the impact of patient 

selection

ÅShift to a hs troponin means a higher risk population can 

be ruled out



Rapid serial measurement of troponin 

supports early diagnosis

ÅMeasurement of troponin on admission and at 1-2 hours 

ïContemporary assays with selection of low risk patients

Cullen L et al Am Coll Cardiol 2013;62:1242-1249.

Than M et al. JAMA Intern Med 2014;174(1):51-58. 

ïHigh sensitivity assays ïincrease in risk groups that can be 

assessed

Cullen L et al. J Am Coll Cardiol2013;62(14):1242-1249. 



How will we use hs Troponin

ÅRapid decision making based on existing strategies

ÅRapid decision making with refinement of existing 

strategies

ÅRisk assessment plus different sampling strategies or 

decision points



Rapid decision making based on existing 

strategies
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STEMI pathway
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Switch to hs troponin is accepted into UK 

recommendations
Å https://www.nice.org.uk/guidance/dg15

Å 1.1 The Elecsys Troponin T high-sensitive assay and ARCHITECT STAT High 
Sensitive Troponin-I assay are recommended as options for the early rule out of 
non-ST-segment-elevation myocardial infarction (NSTEMI) in people 
presenting to an emergency department with chest pain and suspected acute 
coronary syndrome.

Å 1.2 The assays are recommended for use with 'early rule-out protocols', which 
typically include a blood sample for cardiac troponin I or T taken at initial 
assessment in an emergency department and a second blood sample taken after 
3 hours. Laboratories should report absolute values and the upper reference limit 
should be set at the 99th percentile. Results should be interpreted along with 
clinical judgement and the results of clinical assessment. Healthcare 
professionals should take into account the pre-test probability of NSTEMI, the 
length of time since the suspected acute coronary syndrome, the possibility of 
chronically elevated troponin levels in some patients and that 99th percentile 
thresholds for troponin I and T may differ between sexes. When NSTEMI is not 
ruled out using an 'early rule-out protocol', further clinical assessment is required 
to determine whether a diagnosis of NSTEMI is appropriate.

https://www.nice.org.uk/guidance/dg15


Rapid decision making with refinement of 

existing strategies

ÅImpact of better imprecision in measurement



APACE: hs-cTnT 1h-algorithm

Reichlin T, et al. Arch Intern Med 2012

Aim of TRAPID-AMI:

to prospectively validate the hs-cTnT 1h-algorithm  

491 Patients (56%)

NPV 100%
95% CI 99-100%

169 Patients (19%)

PPV 76%
95% CI 69-82%

212 Patients (24%)
Prevalence of AMI 9%



Results

95% CI 98.2-99.7% 95% CI 70.4-83.0%



Risk assessment plus different sampling 

strategies or decision points



hs Troponin done differently

- different decision thresholds

ÅUse of the Limit of Detection or Limit of Blank for Rule 

out with hs Troponin

ïIt has been suggested that a cTn below the LoD measured on 

admission identifies a low risk group with a very high NPV

Body R et al J Am Coll Cardiol 2011;58:1332-9.

Zhelev Z et al. BMJ 2015;350:h15. 



Meta analysis of studies looking at LOD for 

admission exclusion of AMI using hs assays



Summary receiver operating characteristics plot of sensitivity and specificity 
for cut-off value of either 3 ng/L or 5 ng/L. 

Zhivko Zhelev et al. BMJ 2015;350:bmj.h15



Admission hs-cTnI < 5ng/L rules out composite outcome of  death or MI 

within 30 days correctly in 99.6% of  patients 

nick.mills@ed.ac.uk

What is the optimal threshold to rule out 

myocardial infarction?
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Issues with hsTn assays



Apple and Collinson Clin Chem 2012;58:54-61

Assay problems


