THE UNIVERSITY of EDINBURGH

Edinburgh Research Explorer

Assay precision and risk of misclassification at rule-out cut-offs
for high-sensitivity cardiac troponin

Citation for published version:

Kavsak, PA, Mills, NL, Clark, L, Ko, D, Sharif, S, Chen-Tournoux, A, Friedman, SM, Belley-Cote, EP,
Worster, A, Cox, J, Thiruganasambandamoorthy, V, Lou, A, Taher, J, Scheuermeyer, F, Mccudden, C,
Abramson, BL, Eintracht, S, Shea, JL, Yip, PM, Huang, Y, Chen, M, Tsui, AKY, Thorlacius, L, Aakre, KM,
Raizman, JE, Fung, AWS, Humphries, KH, Arnoldo, S, Bhayana, V, Djiana, R, Beriault, DR, St-Cyr, J,
Booth, RA, Blank, DW, Sivilotti, MLA & Jaffe, AS 2024, 'Assay precision and risk of misclassification at rule-
out cut-offs for high-sensitivity cardiac troponin', Canadian journal of cardiology.
https://doi.org/10.1016/j.cjca.2024.05.007

Digital Object Identifier (DOI):
10.1016/j.cjca.2024.05.007

Link:
Link to publication record in Edinburgh Research Explorer

Document Version_:
Peer reviewed version

Published In:
Canadian journal of cardiology

General rights

Copyright for the publications made accessible via the Edinburgh Research Explorer is retained by the author(s)
and / or other copyright owners and it is a condition of accessing these publications that users recognise and
abide by the legal requirements associated with these rights.

Take down policy

The University of Edinburgh has made every reasonable effort to ensure that Edinburgh Research Explorer
content complies with UK legislation. If you believe that the public display of this file breaches copyright please
contact openaccess@ed.ac.uk providing details, and we will remove access to the work immediately and
investigate your claim.

OPEN () ACCESS

Download date: 04. Jul. 2024


https://doi.org/10.1016/j.cjca.2024.05.007
https://doi.org/10.1016/j.cjca.2024.05.007
https://www.research.ed.ac.uk/en/publications/16bf459c-1c0a-4ac5-a1f9-9d877d7aa54d

Running Title: Misclassification for rule-out

Title: Assay precision and risk of misclassification at rule-out cut-offs for high-sensitivity

cardiac troponin

Peter A Kavsak PhD? Nicholas L Mills MD, PhD"¢, Lorna Clark BSc?, Dennis T. Ko MD,
MSc!, Sameer Sharif MD MSc?, Annabel Chen-Tournoux MD¢, Steven M. Friedman MD,
MPHY, Emilie P Belley-Cote MD, PhD* Andrew Worster, MD, MSc?, Jafna Cox MD",
Venkatesh Thiruganasambandamoorthy MBBS, MSc#, Amy Lou PhD', Jennifer Taher PhD¢,
Frank Scheuermeyer MD MHSc", Chris McCudden PhD#, Beth L. Abramson MD, MSc¢, Shaun
Eintracht MD¢, Jennifer L. Shea PhD', Paul M. Yip PhD¢, Yun Huang PhD¥, Michael Chen MD",
Albert K.Y. Tsui, PhD¥, Laurel Thorlacius,PhD!, Kristin M Aakre MD, PhD™", Joshua E
Raizman PhD¥, Angela W.S. Fung PhD", Karin H Humphries MBA, DSch, Saranya Arnoldo
PhDY, Vipin Bhayana PhD°, Rose Djiana PhD®, Daniel R. Beriault PhDY, Julie St-Cyr MD°,
Ronald A. Booth PhD#, David W. Blank MD®, Marco L.A. Sivilotti MD, MSc/, Allan S. Jaffe

MDP

& McMaster University, Hamilton, Ontario, Canada

> BHF/University Centre for Cardiovascular Science, University of Edinburgh, Edinburgh, UK
¢ Usher Institute, University of Edinburgh, Edinburgh, UK
4 University of Toronto, Toronto, Ontario, Canada

¢McGill University, Montréal, Quebec Canada

fDalhousie University, Halifax, Nova Scotia, Canada

1/12



£ University of Ottawa, Ottawa, Ontario, Canada

P University of British Columbia, Vancouver, British Columbia, Canada

i Department of Laboratory Medicine, Saint John Regional Hospital, Saint John, NB, Canada

i Queen’s University, Kingston, Ontario, Canada

K University of Alberta, Edmonton, Alberta, Canada

! University of Manitoba, Winnipeg, Manitoba, Canada

" Department of Medical Biochemistry and Pharmacology & Department of Heart Disease,

Haukeland University Hospital, Bergen, Norway.

" Department of Clinical Science, University of Bergen, Bergen, Norway

® Western University, London, Ontario, Canada

P Department of Cardiology and Department of Laboratory Medicine and Pathology, Mayo

Clinic, Rochester, Minnesota

Corresponding Author: Dr. Kavsak, Juravinski Hospital and Cancer Centre, 711 Concession St,

Hamilton, ON Canada L8V 1C3 | email: kavsakp@mcmaster.ca | Fax: 905-381-7066

Key words: Imprecision; high-sensitivity cardiac troponin; European Society of Cardiology;

rule-out; misclassification, low cut-off

2/12



Research Letter

Clinical trials and guidelines support the use of very low high-sensitivity cardiac troponin
(hs-cTn) results to rule-out a myocardial infarction (MI) (1). The International Federation of
Clinical Chemistry and Laboratory Medicine Committee on Clinical Applications of Cardiac
Biomarkers committee, through a modeling approach, suggests assays need to have a lower limit
near 3 ng/L and an analytical variation of 10% below 7 ng/L if these low values are to perform
consistently in practice (2). Our objectives for the present study were to assess: 1) if any type of
instrument or individual instrument could achieve a coefficient of variation (CV) of <10% at
very low hs-cTn cut-offs (i.e., targets) recommended in clinical pathways; ii) the frequency of
results at the hs-cTn target, above the target and below the target, with the latter group
representing potential misclassification to the low risk group where the target level would in the

intermediate risk range.

Briefly, frozen plasma aliquots were sent on dry ice to 8 Canadian provinces where
monthly hs-cTn testing occurred at 35 hospital laboratories (65 instruments) (3). Imprecision
(CV) was calculated for each instrument model [n=13 instrument models: Roche hs-cTnT e411
(n=9), e601 (n=4), 602 (n=14), e801(n=14); Beckman hs-cTnl Access2 (n=1), DxI 600 (n=3),
DxI 800 (n=5); Abbott hs-cTnl ARCHITECT 11000 (n=1), 12000 (n=5), Alinity (n=2); Siemens
hs-cTnl Atellica (n=4), Vista (n=2); and Ortho Vitros hs-cTnl (n=1)] using one decimal place
(Figure 1) and whole numbers (ng/L) for the concentrations, with whole numbers being
recommended for patient results (1,2). Also, we calculated for each individual instrument, the

mean (whole number) standard deviation (SD) and CV for each instrument type. The target
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concentrations evaluated for the single sample rule-out were as follows: Abbott hs-cTnI=5 ng/L,
Beckman hs-cTnl=4 ng/L, Ortho hs-cTnl=1 ng/L, Roche hs-cTnT=6 ng/L, Siemens Atellica hs-
cTnl=5 ng/L, and Siemens Dimension Vista hs-cTnI=9 ng/L (3). These target levels are the
decision cut-offs for a single measurement rule-out for most of the assays used in different

algorithms (i.e., results > target would not be ruled-out).

There were no instrument model groups that achieved an imprecision <10% reporting
concentrations with one decimal place (CV range:11-55%) or whole numbers (CV range:11%-
60%) at the target concentrations (Figure 1). Only 27% of individual instruments (n=17)
achieved a CV <10% (median=8.6%/range<1-10%) with the remainder of instruments (n=48)
yielding a median (range) CV of 16% (11-60%) (Supplemental Table S1). The SDs for troponin
on the instruments with CVs <10% were <0.9 ng/L whereas the SDs for the remaining
instruments ranged from 0.5 to 2.5 ng/L. The overall frequency of reporting at, above, and below
the target level ranged from 38% to 70%, 7% to 38%, and 19% to 50%, respectively (n=711
results, Chi-square p<0.001 and linear trend p=0.05) (Supplemental Figure S1). The overall
misclassification to low risk (below target level) was 26.9% (95%CI: 23.2-31.0) (191 from 711).
Misclassification to low risk using the very low cut-offs from the European Society of
Cardiology 0/1-hour pathway for the Abbott, Beckman, Ortho and Roche hs-cTn assays was
8.3% (95%CI: 6.2-10.8) (53 from 640 results) (Supplemental Table S1). Overall, 20% (13/65)
of instruments yielded no misclassifications: one Abbott ARCHITECT i2000SR (CV 8%), three
Roche €411 (CVs 8%, 10%, 28%), one Roche e601(CV 9%), three Roche €602 (CVs 8%, 10%,
10%), four Roche €801 (CVs <1%, 8%, 11%, 8%), and one Siemens Atellica instrument (CV

8%).

4/12



The findings from this large analytical study indicates that less than one third of
laboratories can achieve the 10% CV benchmark at concentration ranges advocated to rule-out
MI on a single sample. Thus, some misclassification is inevitable and occurs in 8% to 27% of
samples tested depending on how close the target value is to the decision threshold. The impact
of imprecision on misclassification in practice was not evaluated here, but the frequency is likely
to be much lower as only a very small proportion of patients with possible MI have troponin
concentrations equivalent to the decision threshold. Recent modeling data of 1,000,000
simulated patients from clinical studies investigating patients with possible acute coronary
syndrome in the emergency department (ED) with both Abbott hs-cTnl and Roche hs-cTnT
suggests analytical variation up to 3 ng/L minimally impacted sensitivity but reduced the number
of rule-out patients (4). However, in a study of a large population attending the ED with a low
prevalence of MI (n=131,095), hs-cTn alone did not yield sufficient sensitivity and it is
plausible that analytical variability may impact performance in this setting (5). These data
reemphasize the need for clinical assessment of patients with possible MI in addition to using
low troponin thresholds for risk stratification. Improvement in assay performance and laboratory
monitoring is needed to minimise misclassification. In summary, clinicians should be aware of
the possibility of risk misclassification at very low hs-cTn concentrations, particularly in

females, who generally have lower hs-cTn values than do males.
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Figure 1. The distribution of results (reported to 1 decimal place) and their CVs for the 13
different instrument models: Roche hs-cTnT e411 (CV = 23% whole number), Roche 601 (CV
= 17% whole number), Roche €602 (CV = 17% whole number), Roche €801 (CV = 18% whole
number); Beckman hs-cTnl Access 2 (CV = 17% whole number), Beckman DxI 600 (CV =20%
whole number), Beckman DxI 800 (CV = 18% whole number); Abbott hs-cTnl ARCHITECT
11000 (CV = 14% whole number); 12000 (CV = 14% whole number), Alinity (CV = 13% whole
number); Siemens Atellica (CV = 12% whole number), Vista (CV = 11% whole number); Ortho
Vitros (CV = 60% whole number). Note there were 4 concentrations (one Roche <3 ng/L. and
three Ortho <1 ng/L) that were reported as undetectable, and for these values half the lower
analytical limit (1.5 ng/L for Roche and 0.5 ng/L for Ortho) were used to calculate the CVs. The
violin plot includes the median (square black box) and 25"-75" concentrations (black whiskers)
with the dashed lines indicating the manufacturer listed 10%CV levels as whole numbers (see
https://ifcc.org/ifcc-education-division/emd-committees/committee-on-clinical-applications-of-
cardiac-bio-markers-c-cb/biomarkers-reference-tables/ accessed April 13, 2024).
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