EDITORIAL

High-Sensitivity Troponin Highlights
the Need for New Methods to Evaluate
Diagnostic Tests
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T

o be clinically useful, diagnostic tests need high precision. The original troponin assays had poor precision: they had high variability, particularly at the
level used to determine whether a myocardial infarction (MI) was present.1 To
address this problem, high-sensitivity troponin (hs Tn) assays were developed, the
sensitivity referring not to the tests’ diagnostic sensitivity, but the analytic sensitivity
with lower limits of detection and greater precision, including at the upper reference limit used to determine the presence of MI. This makes hs Tn more useful for
ruling out MI and acute coronary syndrome in patients presenting with acute chest
pain, allowing a greater proportion of patients to be discharged home earlier and
potentially reducing the sex bias in the diagnosis of MI. These assays have been in
use in Europe and Australasia since about 2010 but have only recently been approved by the Food and Drug Administration for clinical use in the United States.2
The study by Adamson et al3 in this issue of Circulation: Cardiovascular Quality and
Outcomes demonstrates that hs Tn can also help determine which patients in a rapid
access chest pain clinic are likely to have obstructive coronary artery disease. This is
a well-conducted substudy of a larger trial although 50 of the 987 participants were
excluded from the analysis: 44 did not have a troponin level and in 6 the coronary
computed tomographic angiogram was not diagnostic, which may overestimate the
diagnostic accuracy a little. Using the coronary computed tomographic angiogram
as the reference standard, adding troponin to a validated risk score, the coronary
artery disease Consortium risk model,4 modestly improved the diagnostic accuracy
(C-statistic increased by 0.012 from 0.788 to 0.800; P=0.004) and the calibration of
the model. Because the risk model includes the results of the coronary calcium score
and coronary computed tomographic angiogram is used as a reference standard, an
incorporation bias is possibly present although the direction of the bias is difficult to
predict. The new model improved the net reclassification index, primarily through
correctly identifying patients without obstructive coronary artery disease as low risk.
The analysis was performed using a noncommercial form of the assay, but a sensitivity analysis using a commercial hs Tn I assay showed similar results.

CURRENT DILEMMA
Despite its many advantages, the new test presents a dilemma. Although a higher
proportion of patients presenting with acute chest pain have low enough levels that
they can be discharged early, a higher proportion of patients will have an elevated
troponin level during the observation period and will require further evaluation:
≈22%, a level considerably higher than the 9% to 14% quoted for the conventional
forms of the assay.5 This raises the question of whether hs Tn contributes to overdiagnosis and overinvestigation.
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The 2012 Universal Definition of Myocardial Infarction6 reaffirmed the 2007 definition,7 differentiating
type 1 MI (caused by acute coronary plaque disruption)
from type 2 MI (caused by an imbalance between myocardial supply and demand of oxygen leading to necrosis) and both from myocardial injury. The 2012 definition
broadened the types of conditions that could cause an
imbalance between myocardial supply and demand of
oxygen, including conditions such as respiratory failure.
The impact that this widened definition and the higher
proportion of people with raised hs Tn levels will have on
the incidence of acute coronary syndrome, MI, and the
various subtypes of these diseases, such as type 1 and
type 2 MI is unclear. Estimates of the impact of hs Tn on
MI vary from a small decline8 to an increase of 47%9 and
depend greatly on the types of patients included and
the assay used. Smaller estimates are seen in patients
with acute chest pain presenting to emergency departments, and larger estimates when a wider spectrum of
patients is included. An Australian hospital tested hs Tn
levels for all blood samples submitted over a 24-hour
period.10 Other than patients in the emergency department and coronary care units, the largest proportion of
patients with elevated hs Tn were in intensive care unit
and medical units. On the medical inpatient wards, 19%
of men and 41% of women had levels above the 99th
centile with a hs Tn I assay, and 55% of men and 44%
of women with a hs Tn T assay. The introduction of hs
Tn is possibly one factor contributing to the divergence
seen in the apparent incidence of non–ST-segment–elevation MI in Australia compared with the United States

although it does seem to occur somewhat earlier than
the introduction of hs Tn around 2010 (Figure).
Most studies of the impact of hs Tn have tended to
focus on improved outcomes per case diagnosed, but
if the additional cases diagnosed are low risk or overdiagnosed, this will artificially improve outcomes. Some
comfort, however, comes from a study of the implementation of hs Tn in Scotland.13 In the first phase of
the study, both conventional and hs Tn levels were tested but only the conventional assay results were communicated to the treating clinicians. In this phase of the
study, the additional diagnosed patients—with elevated hs Tn but not elevated conventional troponin—had
a worse prognosis. In the implementation phase of the
study, when clinicians were aware of the results of the
hs Tn, patients received more investigations and treatments and the difference in prognosis disappeared.
In the study in this issue, 2.9% of patients had a hs
Tn level greater than the 99th centile. The authors have
posed the question whether these patients might have
subclinical myocardial necrosis. However, it is not at all
clear whether such changes should be diagnosed and
what should be done for such patients. This question
has also been raised by other authors.14 Five percent of
those aged 60 to 65 years have a troponin level >99th
centile.15 Should this be considered a normal part of
aging or pathological?
Compounding this problem is the fact that there
is no standard way of defining the reference interval
for the assay. The 99th centile depends greatly on the
age of the patients included in the reference interval

Figure. Age- and sex-standardized incidence of myocardial infarction in the United States (red, 1999–2008)11 and
Australia (blue, 1993–2012).12
Red lines: Kaiser Permanente Northern California myocardial infarction (MI) hospital admissions, standardized by age and sex
to the population in 2008.11 The total does not include patients with MI who were not hospitalized. The use of troponin testing rose between 2000 and 2004, but remained at stable levels after 2004. Blue lines: Western Australian MI hospital admissions and mortality register data, standardized by age and sex to the population in 2010.12 The total data also includes fatal
MIs that were not classified as ST-segment–elevation myocardial infarction (STEMI) or non-STEMI before death.
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Table. Major Population Studies Looking at 99th Percentiles for hs-cTnI and hs-cTnT
Investigator

Specimen
Type

Coning Strategy Definition
of Normal

99th Percentile, ng/L
n

Overall

Male

Female Age, y

Abbott ARCHITECT hs-cTnl
 Lipowski
 Abbott

All

BNP, HbA1c, eGFR

4593

26.2

34.2

15.6

EDTA

BNP, HbA1c, eGFR

1531

27.8

35.1

16.7

21–75

Serum

BNP, HbA1c, eGFR

1529

22.3

28.3

14.7

Li Hep

BNP, HbA1c, eGFR

1531

26.9

34.5

14.3

 Blankenberg

Serum

No coning

4138

27.0

33.1

19.9

NT-proBNP, eGFR

3799

21.5

25.9

13.9

 Aw

Serum

BNP, HbA1c, eGFR

1091

21.0

30.7

17.7

35–65

 Apple

Li Hep

Blood donors and
questionnaire

524

23.0

36.0

15.0

18–64

35–74
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 Venge

Li Hep

With outlier exclusion

417

25.0

24.2

15.2

57–73

 Koerbin

Serum

BNP, eGFR

497

13.9

14.6

11.3

20–84

Blood donors and apparently
healthy subjects

616

13.5

14.5

10.0

20–71

Roche hs-cTnT
 Giannitsis

Serum, plasma

 Saenger

Serum, plasma

Questionnaire

533

14.2

15.5

8.9

20–71

 Mingels

Serum

Cardiobiomarkers

479

16.0

18.0

8.0

26–71

 Apple

Plasma

Blood donors and
questionnaire

525

15.0

20.0

13.0

18–64

BNP indicates B-type natriuretic peptide; eGFR, estimated glomerular filtration rate; HbA1C, glycated haemoglobin
(A1c); hs-cTn, high-sensitivity cardiac troponin; and NT-proBNP, N-terminal pro-B-type natriuretic peptide.
Source: Koerbin et al.14

study, which factors are used to determine the healthy
cohort of patients included in the study and to exclude
unhealthy participants and the methods used for excluding outliers (Table). The variation observed in the 99th
centile in the United States (19 ng/L) and in Europe (14
ng/L) for the same hs Tn T assay5 could be because of a
true difference in the prevalence of pathology between
the 2 regions or could be because of differences in the
study designs determining the upper reference level.

WAY FORWARD
hs Tn illustrates how new diagnostic tests are often
introduced into healthcare without a full understanding of their impact on clinical practice and outcomes.
New diagnostic tests that alter the spectrum of positive diagnoses often cannot be assessed with traditional diagnostic accuracy studies and ultimately will
require methods for determining which ways are best
to categorize patients according to clinical factors: their
impact on the prognosis of patients and response to
treatment.16 Prognostic studies require prospective
cohorts accounting for all known prognostic factors,
blinding of outcomes, and accounting for potential
treatment effects. Determining how diagnostic tests
affect response to treatment generally requires randomized controlled trials, but these are complicated

by the need for study protocols to determine a priori
the spectrum of patients that will be tested and a tight
relationship between the test result and management
decisions.17 Trials of diagnostic tests also require large
numbers as only participants with discordant results
between the old and new test contribute to the differences in outcomes. Real-world implementation studies,
such as the one conducted in Scotland, can be a useful
compromise. We also need to find greater agreement
on how to determine reference intervals.
Finally, we need better ways to determine when new
tests are widening the definition of disease and whether this is of benefit or harm to patients. One of the first
steps is the recently published checklist for groups considering a modification of a disease definition18 (http://
www.g-i-n.net/working-groups/overdiagnosis). Guideline committees and others need to consider how their
changes to disease definitions will affect the prevalence
of a disorder, the best available evidence on the potential harms and benefits of diagnosing disease in those
newly labeled with the disorder, and whether these
changes ultimately do more good than harm.

FOOTNOTES
Circ Cardiovasc Qual Outcomes is available at http://circoutcomes.ahajournals.org.
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