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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 3 hour 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.13 14 At 
present, just one commercially available high-sensitivity cardiac 
troponin I assay meets these criteria (ARCHITECTSTAT, 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.15 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 1 hour 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 ARCHITECTSTAT 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 <5 ng/L employed here 
has been validated for both troponin I and troponin T in >30 000 
patients.2 16 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.17 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.18 We accept that this threshold is imperfect19 and 
assay specific, and therefore use the manufacturer’s recommended 
99th centile concentration. Similarly, the thresholds applied in the 
ESC 1 hour 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.4 20

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,21–24 but to date they have not shown 
benefit over pathways applying risk stratification thresholds.25 It 
is recognised that in some centres a 1 hour 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).26

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.

Key messages

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 I 
concentration <5 ng/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 I 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.
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