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Figure 2 Diagnostic performance of the European Society of Cardiology (ESC) 1 hour pathway. NPV, negative predictive value; PPV, positive

predictive value.

findings were consistent by age, sex, history of ischaemic heart
disease and time of symptom onset. Third, when applied in the
ESC 3hour pathway which rules out myocardial infarction at
the 99th centile, there was a much higher risk of missed events,
particularly in those with a history of ischaemic heart disease.

High-sensitivity cardiac troponin assays are defined by analyt-
ical characteristics which reflect their precision. The Interna-
tional Federation of Clinical Chemistry recommends the term
high-sensitivity be reserved for an assay meeting two criteria; the
coefficient of variation must be <10% at the 99th centile, and
concentrations should be measurable (above the limit of detec-
tion) in at least 50% of a healthy reference population.’ * At
present, just one commercially available high-sensitivity cardiac
troponin [ assay meets these criteria (ARCHITECT,,, Abbott
Diagnostics). The Siemens Healthineers Atellica TnIH assay does
meet these criteria and provides an additional choice of cardiac
troponin I assay to hospital specialists considering implementing
an early rule out pathway in clinical practice.

We evaluated the performance of the Atellica assay across
three commonly applied risk stratification pathways. The ESC
3 hour pathway applies the 99th centile as the threshold both to

rule in and rule out myocardial infarction in conjunction with
the GRACE risk score. In this analysis, the NPV and sensitivity
were low, at 98.0% and 90.1% respectively, below the perfor-
mance considered to be clinically acceptable in practice.”® This
pathway was established at a time when contemporary troponin
assays with higher diagnostic thresholds were used for diagnosis,
and now, new approaches are required to match the precision
offered by high-sensitivity troponin assays.

The High-STEACS and ESC 1hour pathways performed well,
with no heterogeneity observed by age, sex, history of ischaemic
heart disease or time of symptom onset. While the thresholds
applied in the High-STEACS pathway were derived and validated
using the Abbott ARCHITECT,,,, high-sensitivity cardiac troponin
I assay, they translate well to the Atellica TnIH assay with compa-
rable efficacy and safety. This is because the High-STEACS pathway
is based on three basic principles that make it likely to perform
well across all high-sensitivity assays without recalibration. First,
low troponin concentrations at presentation identify those at low
risk. The risk stratification threshold of <5ng/L employed here
has been validated for both troponin I and troponin T in >30000
patients.” '® Second, increasing troponin concentrations above this
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Figure 3  Diagnostic performance of the European Society of Cardiology (ESC) 3 hour pathway. NPV, negative predictive value; PPV, positive

predictive value.

threshold may be important and require further investigation. We
define this using a change in troponin concentration of =3 ng/L
based on the lowest measurable change in concentration that
exceeds the analytical variation of a high-sensitivity assay.'” Third,
to ensure our pathway is consistent with international guidelines
and easy to integrate into clinical practice, we use a sex-specific
99th centile to identify patients who require admission for further
investigation."® We accept that this threshold is imperfect' and
assay specific, and therefore use the manufacturer’s recommended
99th centile concentration. Similarly, the thresholds applied in the
ESC 1hour pathway were derived and validated using the Siemens
ADVIA Centaur assay, but our results were consistent with this
initial study, suggesting additional calibration is not required.* %
For clinicians considering implementation of an early rule out
pathway, using very low cardiac troponin concentrations to iden-
tify low-risk patients has major potential to improve safety and
decision making in the emergency department. As both pathways
incorporating risk stratification thresholds have demonstrated
similar safety and efficacy in a number of studies, the choice of
approach is best determined by clinicians and laboratory staff
at a local level. Alternative approaches using clinically validated
risk scores are possible, such as the History, ECG, Age, Risk
Factors Troponin (HEART), Emergency Department Assess-
ment of Chest Pain Score (EDACS), Global Registry of Acute
Coronary Events (GRACE) and Thrombolysis in Myocardial

Infarction (TIMI) scores,”’™* but to date they have not shown
benefit over pathways applying risk stratification thresholds.” It
is recognised that in some centres a 1hour sample interval may
be difficult to achieve, given the time taken for a sample to be
obtained, transported to the laboratory, analysed and reported.
However, while implementation of any pathway may require
service redesign and investment in infrastructure, the potential
improvements in efficiency by identifying two-thirds of patients
as low risk in the emergency department are large and could lead
to significant cost savings.

There are a number of limitations to this study which merit
consideration. First, this was a single-centre observational cohort
study, but as a tertiary cardiology centre with a large emergency
department, we believe our findings are likely to be generalis-
able. Second, 1 hour samples for the evaluation of the ESC 1 hour
pathway were only available in one in five patients, and in this
population the prevalence of myocardial infarction or cardiac
death was lower, indicating some selection bias and limiting the
applicability of our findings. However, the observed performance
is consistent with prior evaluations in other cohorts. Finally, no
patients were managed on the basis of the measured cardiac
troponin concentrations, and differences in clinical management
and follow-up could have influenced outcomes. Two randomised
controlled trials evaluating the implementation of risk stratifica-
tion pathways are currently under way; an evaluation of the ESC
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1 hour algorithm (LoDED trial; ISRCTN 86184521) and of the
High-STEACS pathway (NCT:03005158).%°

CONCLUSIONS

A novel high-sensitivity cardiac troponin I assay can safely
identify two-thirds of patients with suspected acute coronary
syndrome as low risk of myocardial infarction or cardiac death
in the emergency department. Diagnostic pathways that harness
the potential of high-sensitivity cardiac troponin testing by incor-
porating cardiac troponin concentrations within the reference
range to risk stratify patients miss fewer events than pathways
that rely on the 99th centile to rule out myocardial infarction.

What is already known on this subject?

» High-sensitivity cardiac troponin assays can be applied as risk
stratification tools in patients with suspected acute coronary
syndrome.

» A recent individual patient-level data meta-analysis in 22 457
patients demonstrated a high-sensitivity cardiac troponin |
concentration <5ng/L at presentation gave a high negative
predictive value of 99.5% for myocardial infarction or cardiac
death at 30 days.

What might this study add?

» This is the first report of a new commercially available
high-sensitivity cardiac troponin | assay and evaluates its
performance across three commonly used risk stratification
pathways in clinical practice.

» We demonstrate pathways using low concentrations of
cardiac troponin for risk stratification are safer and more
effective than using the 99thcentile alone.

How might this impact on clinical practice?

» The evidence provided in this study will allow clinicians and
biochemists to make informed decisions as to the optimal
approach for risk stratification of patients with suspected
acute coronary syndrome in their hospitals.

Acknowledgements The authors thank researchers from the Emergency Medicine
Research Group Edinburgh for their support during the conduct of this trial.

Contributors ARC and NLM were responsible for the concept, analysis and
drafting of the manuscript, and take responsibility for the integrity of the data. All
authors were involved in delivery of this clinical trial, contributed to analysis of the
data and provided important critical revision of the manuscript.

Funding The High-STEACS trial was funded by the British Heart Foundation
(SP/12/10/29922 and PG/15/51/31596), and this analysis was supported by Siemens
Healthcare Diagnostics . NLM and ARC are supported by the Butler Senior Clinical
Research Fellowship (FS/16/14/32023) and a Clinical Research Training Fellowship
(FS/16/75/32533), respectively, from the British Heart Foundation.

Competing interests ASVS and ARC have received honoraria from Abbott
Diagnostics. NLM has received honoraria or consultancy from Abbott Diagnostics,
Roche Diagnostics, Siemens Healthcare Diagnostics and Singulex.

Patient consent Not required.

Ethics approval This clinical trial was registered (NCT:01852123), approved by
the National Research Ethics Committee, and conducted in accordance with the
Declaration of Helsinki.

Provenance and peer review Not commissioned; externally peer reviewed.

Data sharing statement Data can be made available to others for the purposes
of reproducing the results or for further analysis through a data sharing agreement.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,

and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

REFERENCES

1 Thygesen K, Alpert IS, Jaffe AS, et al. Third universal definition of myocardial infarction.
Eur Heart J 2012;33:2551-67.

2 Chapman AR, Lee KK, McAllister DA, et al. Association of high-sensitivity cardiac
troponin i concentration with cardiac outcomes in patients with suspected acute
coronary syndrome. JAMA 2017;318:1913-24.

3 Chapman AR, Anand A, Boeddinghaus J, et al. Comparison of the efficacy and
safety of early rule-out pathways for acute myocardial infarction. Circulation
2017;135:1586-96.

4 Boeddinghaus J, Twerenbold R, Nestelberger T, et a/. Clinical validation of a novel
high-sensitivity cardiac troponin i assay for early diagnosis of acute myocardial
infarction. Clin Chem 2018;64:1347-60.

5 Roffi M, Patrono C, Collet JP, et al. 2015 ESC Guidelines for the management of acute
coronary syndromes in patients presenting without persistent ST-segment elevation:
task force for the management of acute coronary syndromes in patients presenting
without persistent ST-Segment Elevation of the European Society of Cardiology (ESC).
Eur Heart ] 2016;37:267-315.

6 Mueller C, Giannitsis E, Christ M, et al. Multicenter evaluation of a 0-hour/1-hour
algorithm in the diagnosis of myocardial infarction with high-sensitivity cardiac
troponin T. Ann Emerg Med 2016,68:76-87.

7 Pickering JW, Greenslade JH, Cullen L, et al. Validation of presentation and 3 h high-sensitivity
troponin to rule-in and rule-out acute myocardial infarction. Heart 2016;102:1270-8.

8 ShahAS, Anand A, Sandoval Y, et al. High-sensitivity cardiac troponin | at presentation in
patients with suspected acute coronary syndrome: a cohort study. Lancet 2015;386:2481-8.

9 Thygesen K, Mair J, Giannitsis E, et a/. How to use high-sensitivity cardiac troponins in
acute cardiac care. Fur Heart J 2012;33:2252-7.

10 Anderson F, FitzGerald G. Methods and formulas used to calculate the GRACE Risk
Scores for patients presenting to hospital with an acute coronary syndrome. www.
outcomes-umassmed.org/GRACE/publicfiles/GRACE_RiskModel_Coefficients.
pdf2010.

11 Brown L, CaiT, DasGupta A. Interval estimation for a binomial proportion. Stat Sci
2001;16:101-33.

12 Bossuyt PM, Reitsma JB, Bruns DE, et al. STARD 2015: an updated list of essential
items for reporting diagnostic accuracy studies. BMJ 2015;351:h5527.

13 Apple FS, Sandoval Y, Jaffe AS, et al. Cardiac troponin assays: guide to understanding
analytical characteristics and their impact on clinical care. Clin Chem 2017,63:73-81.

14 Apple FS, Jaffe AS, Collinson P, et al. IFCC educational materials on selected analytical
and clinical applications of high sensitivity cardiac troponin assays. Clin Biochem
2015;48(4-5):201-3.

15 Than M, Herbert M, Flaws D, et al. What is an acceptable risk of major adverse cardiac
event in chest pain patients soon after discharge from the Emergency Department?: a
clinical survey. Int J Cardiol 2013;166:752—4.

16 Pickering JW, Than MP, Cullen L, et al. Rapid rule-out of acute myocardial infarction
with a single high-sensitivity cardiac troponin t measurement below the limit of
detection: a collaborative Meta-analysis. Ann Intern Med 2017;166:715-24.

17 Kavsak PA, Don-Wauchope AC, Hill SA, et al. Acceptable analytical variation may
exceed high-sensitivity cardiac troponin i cutoffs in early rule-out and rule-in acute
myocardial infarction algorithms. Clin Chem 2016,62:887-9.

18 Thygesen K, Alpert JS, Jaffe AS, et al. Fourth universal definition of myocardial
infarction. Eur Heart J 2018;2018.

19 Shah ASVY, Anand A, Strachan FE, et al. High-sensitivity troponin in the evaluation
of patients with suspected acute coronary syndrome: a stepped-wedge, cluster-
randomised controlled trial. Lancet 2018;392:919-28.

20 Boeddinghaus J, Nestelberger T, Twerenbold R, et a/. Direct comparison of 4 very
early rule-out strategies for acute myocardial infarction using high-sensitivity cardiac
troponin |. Circulation 2017;135:1597-611.

21 Van Den Berg P, Body R. The HEART score for early rule out of acute coronary
syndromes in the emergency department: a systematic review and meta-analysis. Eur
Heart J Acute Cardiovasc Care 2018;7:2048872617710788.

22 Backus BE, Six AJ, Kelder JC, et al. A prospective validation of the HEART score for
chest pain patients at the emergency department. Int J Cardiol 2013;168:2153-8.

23 Antman EM, Cohen M, Bernink PJ, et al. The TIMI risk score for unstable angina/
non-ST elevation MI: A method for prognostication and therapeutic decision making.
JAMA 2000;284:835-42.

24 Than M, Flaws D, Sanders S, et al. Development and validation of the emergency
department assessment of chest pain score and 2 h accelerated diagnostic protocol.
Emerg Med Australas 2014;26:34-44.

25 Chapman AR, Hesse K, Andrews J, et al. High-sensitivity cardiac troponin i and
clinical risk scores in patients with suspected acute coronary syndrome. Circulation
2018;138:1654-65.

26 Chapman AR, Mills NL. A single blood test to rule out acute coronary syndrome. Heart
2018;104:632-3.

622

Chapman AR, et al. Heart 2019;105:616-622. doi:10.1136/heartjnl-2018-314093

"1ybuAdoo Agq paroalold 1sanb Aq #7202 ‘0z Jequiaidas uo jwod fwgeay//:dny wolj papeojumoq ‘8T0Z JOQWSAON GT U0 €60V TE-8T0Z-lUlUeay/9eTT 0T Se payslgnd 1sii :LesH


http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1093/eurheartj/ehs184
http://dx.doi.org/10.1001/jama.2017.17488
http://dx.doi.org/10.1161/CIRCULATIONAHA.116.025021
http://dx.doi.org/10.1373/clinchem.2018.286906
http://dx.doi.org/10.1093/eurheartj/ehv320
http://dx.doi.org/10.1016/j.annemergmed.2015.11.013
http://dx.doi.org/10.1136/heartjnl-2015-308505
http://dx.doi.org/10.1016/S0140-6736(15)00391-8
http://dx.doi.org/10.1093/eurheartj/ehs154
www.outcomes-umassmed.org/GRACE/publicfiles/GRACE_RiskModel_Coefficients.pdf2010
www.outcomes-umassmed.org/GRACE/publicfiles/GRACE_RiskModel_Coefficients.pdf2010
www.outcomes-umassmed.org/GRACE/publicfiles/GRACE_RiskModel_Coefficients.pdf2010
http://www.ncbi.nlm.nih.gov/pubmed/26511519
http://dx.doi.org/10.1373/clinchem.2016.255109
http://dx.doi.org/10.1016/j.clinbiochem.2014.08.021
http://dx.doi.org/10.1016/j.ijcard.2012.09.171
http://dx.doi.org/10.7326/M16-2562
http://dx.doi.org/10.1373/clinchem.2016.255448
http://dx.doi.org/10.1016/S0140-6736(18)31923-8
http://dx.doi.org/10.1161/CIRCULATIONAHA.116.025661
http://dx.doi.org/10.1177/2048872617710788
http://dx.doi.org/10.1177/2048872617710788
http://dx.doi.org/10.1016/j.ijcard.2013.01.255
http://www.ncbi.nlm.nih.gov/pubmed/10938172
http://dx.doi.org/10.1111/1742-6723.12164
http://dx.doi.org/10.1161/CIRCULATIONAHA.118.036426
http://dx.doi.org/10.1136/heartjnl-2017-312269
http://heart.bmj.com/

