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Aims Our aim was to test the prediction and clinical applicability of high-sensitivity assayed troponin I for incident cardiovas-
cular events in a general middle-aged European population.

Methods
and results

High-sensitivity assayed troponin I was measured in the Scottish Heart Health Extended Cohort (n ¼ 15 340) with 2171 car-
diovascular events (including acute coronary heart disease and probable ischaemic strokes), 714 coronary deaths (25% of all
deaths),1980myocardial infarctions, and797strokesof all kindsduringanaverageof20years follow-up.Detectionrateabove
the limitofdetection (LoD)was74.8% in theoverall populationand82.6% inmenand67.0% inwomen. Troponin I assayedby
the high-sensitivity method was associated with future cardiovascular risk after full adjustment such as that individuals in the
fourth category had 2.5 times the risk compared with those without detectable troponin I (P , 0.0001). These associations
remained significant even for those individuals in whom levels of contemporary-sensitivity troponin I measures were not
detectable. Addition of troponin I levels to clinical variables led to significant increases in risk prediction with significant
improvement of the c-statistic (P , 0.0001) and net reclassification (P , 0.0001). A threshold of 4.7 pg/mL in women and
7.0 pg/mL in men is suggested to detect individuals at high risk for future cardiovascular events.

Conclusion Troponin I, measured with a high-sensitivity assay, is an independent predictorof cardiovascular events and might support
selection of at risk individuals.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Keywords High-sensitivity assayed troponin I † Cardiovascular risk † Mortality † Scottish Heart Health Extended Cohort

(SHHEC) † MONICA Risk Genetics Archiving and Monograph (MORGAM)

Introduction
Troponin is a structural protein released into the circulation follow-
ing cardiac myocyte damage. The advent of high-sensitivity assays

with reliable measurements at very low troponin levels has facilitated
earlier exclusion or confirmation of the diagnosis myocardial infarc-
tion.1– 4 Troponin T, measured by a high-sensitivity assay, detect con-
centrations in up to 30% in the general population aged 30–65,5
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of high-sensitivity assayed troponin I with incident cardiovascular
events and coronary deaths according to the time of follow-up is
shown in Figure 3. These associations remained significant throughout
most of the 20-year follow-up.

Further to the combined endpoint and coronary death, troponin
measured by the high-sensitivity assay associated significantly with
the single endpoints myocardial infarction and stroke. Correspond-
ing hazard ratios for those single endpoints are given in Supplemen-
tary material online, Tables S3 and S4.

High-sensitivity troponin I measurements
and prediction of cardiovascular events
The ability of the fully adjusted prediction model to discriminate
events from non-events was significantly improved after inclusion

of high-sensitivity assayed troponin I. The NRI was estimated at
3.2% (P ¼ 0.0005) for cardiovascular events and 4.5% (P ¼ 0.012)
for coronary death in the overall population. Addition of troponin I
to the prediction model led to small but significant increases in the
c-statistics for cardiovascular events and coronary death [c-index dif-
ference 0.0044 (P , 0.0001) and 0.0077 (P , 0.0001), respectively].
Detailed prediction metrics for coronary death and combined car-
diovascular events for the biomarkers assessed are outlined in
Table3. High-sensitivity troponin I valuesmeasured in only those indi-
viduals with non-detectable contemporary-sensitivity troponin I
levels still provided a modest but significant improvement in risk pre-
diction (Supplementary material online, Table S5). Supplementary
material online, Table S6 outlines prediction data for all biomarkers
with respect to the single endpoint events myocardial infarction
and stroke.

Figure 2 Hazard ratios and 95% confidence intervals in four categories of troponin I measured by a high-sensitivity assay (hsTnI) over a follow-up
of 20 years. Cox models were adjusted for sex, cohort and all risk factors in the ASSIGN score20 using age as the survival time. Category
hsTnI , 1.9 pg/mL is used as a reference.

High population prevalence of cardiac troponin I 275
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1. These strategies do not apply to everyone
(varies widely from ≈9.8% to 77%) 

2. Understand the analytical performance of the 
assay (embedded in the local standard ED 
operating procedures)

3. Understand the performance metrics
4. It is not a definitive diagnostic strategies such-

as pregnancy-test but a risk stratification
strategies

Circulation 2016;134:547–564, modified 
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Caveats: high-risk features
• Prior history of CAD (PCI) or positive cardiac exercise test 

result
• ECG with ST-segment depression 0.05-0.10 mV and/or flat 

or inverted T waves <0.20 mV deep
• Typical angina symptoms, acceleration of previously stable

angina
• LBBB, pacing rhythm
• Cardiovascular risk factors (diabetes, CKD)
• Signs of atherosclerosis on physical examination
• …….

Clinical judgment by an experienced ED physician 
remains crucial
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causing the 99th percentile cutoff to shift to the left,
as shown in the purple curve in Figure 4. Further
narrowing of the definition of a normal population
creates a narrower definition of normal, moving the
99th percentile cutpoint to the left, as shown in the
grey curve in Figure 4 (28).

The left panel of Figure 5 shows that the current
fourth-generation troponin T assay commonly used in

the United States is pushing the limit of a test’s
analytical capabilities, with the 99th percentile
reported at 0.01 mg/l, the limit of detection around the
same value, and the level for the 10% CV at 0.03 mg/l.
The newer high-sensitivity troponin assays that are
currently available in Europe have greater analytical
sensitivity and precision, resulting in a much lower
limit of detection and a lower point for the 10% CV

CENTRAL ILLUSTRATION Troponin Testing for Clinicians

Brush, Jr., J.E. et al. J Am Coll Cardiol. 2016;68(21):2365–75.

Troponin is a protein complex released into the blood streamwhen heart tissue is damaged by AMI or other causes (upper left). The troponin complex consists
of 3 molecules, troponin C, troponin I, and troponin T, which are bound to actin or free in the cytoplasm of the cardiomyocyte (upper right). Troponin I and
troponin T have amino acid sequences that are cardio-specific, making them ideal biomarkers for cardiac injury. The graph shows how troponin levels may be
distributed in patients with suspected acute myocardial infarction and subjects in a normal reference group (Ref. Group). Initially, the cutpoint for dis-
tinguishing patients with AMI (þAMI) (green curve) from patients without AMI ("AMI) (orange curve) was determined using the ROC method, using CK-MB
and other clinical criteria as the gold standard. However, clinical trials showed that detectable troponin levels below the ROC-determined cutpoint for AMI had
prognostic significance, and unstable angina patients with detectable troponin levels below that point had better outcomes when treatedwith antithrombotic
medications and interventional procedures. Thus, a 1999 consensus panel decided to draw the cutpoint for defining an AMI lower, at the 99th percentile of a
normal reference group (blue curve). Most patients in this reference group had troponin levels below the LOD of the early assays (dashed segment of blue
curve). The 99th percentile definition and the progressively lower 99th percentile levels of various newer generation troponin assays have created confusion
for clinicians who are frequently asked to interpret troponin levels. AMI ¼ acute myocardial infarction; CK-MB ¼ creatine phosphokinase-MB; LOD ¼ limit of
detection; ROC ¼ receiver operating characteristic.

J A C C V O L . 6 8 , N O . 2 1 , 2 0 1 6 Brush, Jr., et al.
N O V E M B E R 2 9 , 2 0 1 6 : 2 3 6 5 – 7 5 Troponin Testing for Clinicians
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1. Analytical sensitivity (LOD)
Concentrations below the 99th percentile detectable above the
assay’s LOD (% of healthy individuals in the population of
interest)
“contemporary”: <50% (“sensitive”: ≈20% to 50%)
“high sensitive”: >50%
1nd hsTn generation: 50-75%
2nd hsTn generation: 75-95%
3d hsTn generation: >95%

2. Precision (CV%) 99° percentile
“guideline acceptable” ≤10%
“clinically usable” 10-20%
“not acceptable” >20%

3. Analytical variation (delta)
Pre-analytic biological variability



be collaboration at clinical centers among physicians and
laboratory managers to identify the 99th percentile value for
the preferred assay, from either the assay manufacturer’s
guidelines or laboratory reference literature. This will aid in
consistent interpretation of the test.

Use of High-Sensitivity Assays and Potential
Challenges
Based on their analytic capabilities, the high-sensitivity assays
offer several advantages over their conventional assay
counterparts. As previously mentioned, they are extremely
sensitive, perhaps allowing for earlier and faster recognition of
MI patients9 and giving clinicians an avenue to more quickly
diagnose and treat patients appropriately. The new assays are
also precise, having small CV levels even at the 99% in
reference populations.4,5 They are specific for myocardial
necrosis, although this topic is controversial. There are
conflicting opinions on the specificity of troponin for myocyte
infarction versus ischemia. In brief, there are limited data in
the setting of stress tests, during which standard-sensitivity
troponin assays are static, while high-sensitivity assays detect
a small rise in troponin.10 In addition, experimental models of
ischemia, achieved by pacing patients from the coronary
sinus, have shown a low-level elevation in troponin appreci-
ated only with high-sensitivity troponin assays.11 Some
authors have interpreted similar findings as consistent with
ischemia12,13; however, it has also been argued that the high-

sensitivity assays are detecting minute levels of myocyte
necrosis (thus, miniscule MIs).14 In addition, there are several
proposed mechanisms of troponin release that are not related
to necrosis, namely apoptosis, cellular release of proteolytic
products, increased cell wall permeability with stress or
stretch, and the production of membranous blebs that contain
troponin.15 Despite the controversy, conventional-sensitivity
assays are specific for myocyte necrosis, and we believe high-
sensitivity troponin assays will also have high specificity once
appropriate threshold values have been determined. Finally,
there is a considerable amount of data that indicate that
increasing values (and perhaps changes in values over time)
correlate with risk of adverse cardiac events.16,17 However,
most of these advantages also bring disadvantages. With
higher sensitivity comes the responsibility of understanding
and interpreting very low levels of high-sensitivity troponin
elevation. Despite the high specificity of these assays, no
troponin assay alone allows a clinician to determine the
etiology of myocyte necrosis. While high precision is quite
valuable in these tests, especially at low levels, biological
variability again makes interpretation of high-sensitivity
troponin elevations difficult, and new thresholds will have to
be defined for clinical use. Finally, as with current troponin I
assays, there is no industry standard to the high-sensitivity
troponin assays, and they have varying assay characteristics
that will make comparisons between hospitals and medical
systems difficult at present (Table 2).

With the increased sensitivity of these new assays and the
evaluation of their precision and sensitivity in healthy
populations (although not completely agreed on), investiga-
tors have discovered biological variability in the low detect-
able levels of healthy individuals. Biological variability is a type
of preanalytic variation due to changes over time in normal
individuals. These changes may be secondary to circadian
rhythm, monthly changes, or seasonal changes inherent to a
species. In addition there is random biological fluctuation
around an inherent set point that may be specific to an
individual. This certainly affects the utility of these new assays

Table 1. Analytic Comparisons of Contemporary High-
Sensitivity Cardiac Troponin Assays*

Limit of
Detection
(ng/L)

99% (CV)
(ng/L)

10% CV
(ng/L)

Hs-cTn-T

Roche Elecsys 5.0 14 (13%) 13

Hs-cTn-I

Abbot ARCHITECT 1.2 16 (5.6%) 3.0

Beckman ACCESS 2 to 3 8.6 (10%) 8.6

Mitsubishi Pathfast 8.0 29 (5%) 14

Nanosphere 0.2 2.8 (9.5%) 0.5

Radiometer AQT90 9.5 23 (17.7%) 39

Singulex Erenna 0.09 10.1 (9.0%) 0.88

Siemens Vista 0.5 9 (5.0%) 3

Siemens Centaur 6.0 40 (10%) 30

CV indicates coefficient of variance; Hs-cTn-T, high-sensitivity cardiac troponin T;
Hs-cTn-I, high-sensitivity cardiac troponin I.
*Typical units for troponin and hs Tn assays are lg/L.
Created with data from Jaffe et al3 and Apple et al.4

Table 2. Potential Utility and Challenges of the High-
Sensitivity Troponin Assay

Potential Utility Potential Challenges

More rapid diagnosis in ACS Nonspecific to etiology

Population screening False-positive interpretation

Prognostic information
in stable patients

Biological variability

Drug development and
cardiotoxicity

Lack of assay standardization

ACS indicates acute coronary syndrome.

DOI: 10.1161/JAHA.113.000403 Journal of the American Heart Association 2
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POCT
RADIOMETER 

AQT 90 
(< 20 ng/L)

NOCSAE: Beckman
Coulter AccuTnI+3 (< 40 
ng/L) “clinically usable” 
10-20% “hs-first 
generation”.

Policlinico:Ortho-
Clinical Diagnostics
Vitros ES 
(<34 ng/L) “guideline

acceptable” ≤10% 
“contemporary”



ED/Laboratory collaboration is essential

Issues to be shared with the laboratory include: 
- when and how to evaluate potential FP and FN 
values
- what cut-off values to use
- how to decide when a changing pattern is present

Many without a dynamic pattern can be evaluated as 
outpatients, but only if there is agreement concerning 

a facile pathway for that activity 
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4. It is not a definitive diagnostic strategies such-

as pregnancy-test but a risk stratification
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(Figure 5, right panel) (12). Interestingly, the shape of
the distribution of troponin levels using the newer
high-sensitivity troponin T assay is apparently similar
to the presumed shape of the fourth-generation assay

because the 99th percentile is essentially the same
(0.014 mg/l compared with 0.01 mg/l for the
fourth-generation assay). For the newer assays, “high
sensitivity” has been defined as an assay that has
imprecision of <10% at the level of the 99th percentile
and that is able to detect troponin at concentrations
that are lower than 50% of the level of the 99th
percentile (2,12).

TROPONIN USE IN CURRENT PRACTICE

In practice, the ordering criteria for troponin in
emergency departments are often less stringent than
in the controlled conditions of a clinical research
study. In a busy emergency department (ED), the
need for rapid ED turnover times drives the practice
of initial bundling of laboratory tests to eliminate
time-consuming sequential processes (clinical evalu-
ation followed by testing). Thus, troponin tests
often are drawn before the ordering physician sees
the patient and takes a detailed history. This practice
is reinforced by the need to rapidly establish a diag-
nosis for patients with acute coronary syndromes
(ACS) and is also motivated by defensive medicine to
minimize medico-legal liability. Similar ordering
practices also often occur in other areas of hospitals,
such as intensive care units. As a result, troponin
testing is used as a screening test in a broad spectrum
of non-ACS patients including patients with end-
stage renal disease, sepsis, and congestive heart
failure, all of which are known to have elevated
troponin levels (2,3).

SPECTRUM BIAS

Using a test in a broad, unselected group of patients
can result in a phenomenon known as spectrum bias
(29,30). Spectrum bias can markedly change the
operating characteristics (sensitivity and specificity)
of a test from those that were carefully defined in a
controlled research setting. As discussed earlier and
shown in Figure 4, the probability curves of a test
result become narrower when the definition of a
normal population is more narrowly defined. With
spectrum bias, the opposite occurs and the probabil-
ity curve widens. Because the line of demarcation
remains fixed, the specificity of the test falls as the
curve widens (Figure 6).

To demonstrate the effect of spectrum bias, we can
compare the operating characteristics of troponin
testing in a research study to the operating charac-
teristics that we may see in practice in a busy ED. In a
published study describing the operating character-
istics of troponin T (31), the test was used in a strictly
defined population of patients presenting with chest

FIGURE 3 Distributions of Troponin Levels in Second- and Fourth-Generation Assays
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Distributions of troponin levels for a normal reference group using the second-generation
troponin T assay (2nd Gen Trop T) and the fourth-generation troponin T assay (4th Gen
Trop T). Dotted portion of the curves shows the presumed distributions below the level of
detection of the assay.

FIGURE 4 Distributions of Troponin Levels in Narrowly Defined Normal Populations
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Distributions of troponin levels for a normal reference group that is defined with
increasingly narrower inclusion criteria, causing the 99th percentile of the distribution of a
normal reference group to shift to the left on the x-axis.
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Spectrum bias

pain and suspected acute myocardial infarction. The
study explicitly excluded patients with renal failure.
Seventeen percent of patients had the final diagnosis
of acute myocardial infarction. In this defined popu-
lation, the high sensitivity troponin T assay had a
sensitivity of 95% and a specificity of 80% (Figure 6,
left panel) Thus, the positive likelihood ratio for

high-sensitivity troponin testing in this setting was
4.75, [(0.95/1) ! 0.80]), and the negative likelihood
ratio was 0.063, [(1 ! 0.95/0.80)]. Both of these pos-
itive and negative likelihood ratios are quite
compelling, indicating that a positive or a negative
troponin T test result, when the test is used in this
way, should yield persuasive clinical information.

FIGURE 5 Distributions of Troponin Levels in Fourth-Generation and High-Sensitivity Assays
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Distribution of troponin levels are shown for a normal reference group using the fourth-generation troponin T assay (left panel) and the high-sensitivity troponin T assay
(right panel). The LOD and 10% CV have shifted to the left for the high-sensitivity assay, whereas the 99th percentile has remained essentially unchanged.
CV ¼ coefficient of variation; LOD ¼ limit of detection.

FIGURE 6 Distributions of Troponin Levels in a Tightly Controlled Setting and in a Typical Clinical Setting
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setting that is less carefully controlled (see discussion in Spectrum Bias section). TNR ¼ true negative rate; TPR ¼ true positive rate.
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select one of nine numerical risk options (from 0.01% to 10%) or one free
text option. Respondents were given approximately 20 min to complete
the survey and were asked not to confer with colleagues. The authors of
this manuscript have certified that they comply with the Principles of
Ethical Publishing in the International Journal of Cardiology.

There were 1029 completed, valid surveys with an overall estimated
survey response rate of 84%; 962 were conference delegates (with
estimated survey response rate of 85%), and 67 were departmental
colleagues (with estimated survey response rate of 82%). Participants
had been doctors for a median of 10 years (IQR; 4–21 years). Of those
surveyed, 61.3% were practicing in the USA, 19.6% in Australasia
(Australia and New Zealand), and 17.3% in Canada.

Overall there were two peaks in the distribution of the acceptable
miss-rate; 25.7% of respondents chose 1% (1 in 100) and 22.1% chose 0.1%
(1 in1000; Fig.1). Twelve (1.2%) respondents communicatedapreference
for 0% miss-rate. Cumulative analysis showed that 41% of respondents
considered amiss-rate of 1% (1 in 100) or less to be acceptable and 56.8%
considered a miss-rate of 0.5% (1 in 200) or less to be acceptable.

A two-peak distribution was also evident in each national sub-
population (Table 1). More medical professionals in the USA and
Canada chose a higher acceptable miss-rate than in Australasia,
with Canadian respondents peaking (N35%) at 1% level of risk. The
0.1% (1 in 1000) peak was noticeably diminished in the Canadian
sub-population. In contrast, most Australasian respondents chose
0.1% (1 in 1000) and their 1% (1 in 100) peak was diminished.

This study documents that some small level of risk is acceptable
to most clinicians working in emergency departments. Almost half
of the clinicians accepted a miss-rate of ≤1% or less with a majority
accepting a miss-rate of 0.5% or less. These findings suggest that
clinicians may expect diagnostic strategies for the assessment of

suspected ACS to achieve a sensitivity of 99% or higher for AMI or
other MACE. Achieving such a high sensitivity is a major challenge
because even with newer, more sensitive biomarkers, there is likely
to be a small number of cases that have no detectable myocardial
necrosis and these will need to be triaged based on clinical
judgment; for example, those with unstable angina.

Peer opinion influences ‘acceptable’ clinical practice and a large
survey of emergency physicians may provide some guidance
towards a diagnostic standard of care. However, subjective opinion
is susceptible to bias and may not represent the best or only
approach to developing a standard. The “test-threshold,” [4]
represents the point of probability at which the risks from false-
positive testing are balanced with the risk of harm from untreated
disease. Mathematically, patients with a disease probability below
the test-threshold will not benefit (and will be harmed) from
further testing. Kline et al. [1] collated a test-threshold for
investigating patients with suspected cardiac chest pain and
calculated this point to be approximately 2%. Most respondents
chose an acceptable miss-rate below this calculated test-threshold,
which raises the question of whether clinicians are realistic in
choosing miss-rates of 0.1% or 1% as a standard of care, and whether
clinicians are currently doing more harm than good for some low-
risk patients as a consequence. The survey results may have been
different if the respondents had been aware of the test threshold
calculation. The respondents were attendees at conferences and
education sessions and may not represent a true sample of the
emergency medicine community. Respondents from the USAwere a
much larger group than from other nations, which may have
skewed the results. The survey was limited to doctors working in
emergency departments. Further work to determine what level of

Fig. 1. Acceptable miss-rate of major adverse cardiac events.

Table 1
Acceptable miss-rate of major adverse cardiac event by region of practice (n=995).

Risk (%) Australasia (n) USA (n) Canada (n)

0.01 20 79 5
0.1 71 131 23
0.25 31 60 20
0.5 35 90 28
1 32 156 65
2 6 88 35
4 1 6 1
5 1 7 1
10 0 1 0
Total 197 620 178

753Letters to the Editor

Int J Cardiol 2013;166:752-4

Acceptable miss-rate of MACEs 
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Guideline endorsement of advanced imaging when 
ACS is suspected but ECG and biomarker are 

inconclusive



The “test-threshold” 

• Represents the point of probability at which the risks 
from FP testing are balanced with the risk of harm 
from untreated disease

• Mathematically, patients with a disease probability 
below the test-threshold will not benefit (and will be 
harmed) from further testing 

• This point is ≃ 2% for Pts with suspected cardiac 
chest pain

N Engl J Med 1980;302:1109–17
BMC Med Inform Decis Mak 2005;5:26 



Attempts to improve the 
clinical sensitivity of hs-cTn 

assays 



Single cut-point strategy

the range of possible test results, shown on the
x-axis. The red curves show the cumulative proba-
bilities (shown on the right y-axis), which are the
sums of the probabilities within a defined range of
possible test results (shown in gray). Specificity,
demonstrated by the red curve in the left panel (TNR),
is the cumulative probability of having a negative test
result. As shown in the left panel, the specificity or
TNR increases from left to right depending on the
location of the line of demarcation. Sensitivity,
demonstrated by the red curve in the right panel
(TPR), is the cumulative probability of having a pos-
itive test result. As shown in the right panel,

sensitivity or TPR increases from right to left, again
depending on the location of the line of demarcation.

Designers of any test draw the line of demarcation
at the point that maximizes the usefulness of the test.
Investigators usually use receiver operating charac-
teristic (ROC) curves (which plot sensitivity against
[1 ! specificity]) to determine the optimal cutpoint.

In addition to the ROC method for determining a
cutpoint, another method uses a distribution of test
results from a group of subjects who are clearly
normal. Typically (and arbitrarily), the inner 95th
percentile is used (which is 2 SDs from the mean in a
normal distribution), and patients below the 2.5th

FIGURE 2 True Negative Rate and True Positive Rate
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Specificity or TNR (left panel) and sensitivity, or TPR (right panel). The probabilities for the range of possible test results are shown in blue (referring to probability
density on left y-axis) and the TNR and TPR are shown in orange (referring to cumulative probability on the right y-axis of both panels) for a test with a specificity of
80% and a sensitivity of 95% (gray). TNR ¼ true negative rate; TPR ¼ true positive rate.

FIGURE 1 Operating Characteristics of a Test
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The operating characteristics (sensitivity and specificity) of a test, defined among test subjects without disease (left blue curve) and with
disease (right blue curve), as defined by another gold-standard test. The line of demarcation divides positive test results (gray) from negative
test results (orange).
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heuristics that enable rapid decisions, often under
conditions of uncertainty (8). The underlying as-
sumptions regarding troponin testing have changed
as the analytical capabilities of the test have
improved. Many of the prior assumptions no longer
hold today, and this can potentially lead to subopti-
mal clinical reasoning.

First, practicing clinicians should remember that
the term high-sensitivity troponin refers to the
analytical sensitivity not the clinical sensitivity. Early
troponin tests were less analytically sensitive, which
has conditioned clinicians to think that any detectable
troponin level is abnormal. Because the newer high-
sensitivity troponin assays can measure detectable
troponin levels inmost normal test subjects, the rule of
thumb that any detectable troponin level is abnormal
is no longer valid. Troponin results using newer assays
will require comparison to the upper reference limit,
just like most other common laboratory tests.

Second, troponin testing was initially thought to be
very specific because the test was not affected by
skeletal muscle injury, like CK-MB. But troponin
levels are affected by a long list of conditions other
than myocardial ischemia, markedly decreasing its
specificity (TNR) when the test is ordered indiscrim-
inately. It is incumbent on practitioners to re-
examine their troponin ordering policies to narrow
the spectrum of patients by focusing on patients in

whom the a priori diagnosis of ischemic heart disease
is plausible. Current practice that promotes indis-
criminate ordering is an inappropriate use of the test
and needs to be corrected.

Third, ACS patients with elevated troponin levels
may benefit from antithrombotic medications and
interventional procedures, but patients with troponin
elevations due to other conditions, such as congestive
heart failure, sepsis, or demand ischemia (type II
myocardial infarction), would not benefit from such
interventions. Indiscriminate troponin testing can
cause clinicians to jump to conclusions and aggres-
sively treat patients who would not stand to benefit,
and may be harmed.

With the newer high-sensitivity troponin assays,
new thinking will be required for proper interpreta-
tion of the tests. As noted earlier, newer high-
sensitivity troponin T and I assays are under review
by the U.S. Food and Drug Administration for
approval in the United States (33). Once approved,
clinicians will need to use these tests thoughtfully.

One solution that has been promoted is to use al-
gorithms that incorporate 2 cutpoints (Figure 8) (34).
This strategy uses a more sensitive cutpoint (Figure 8,
left) to enable early rule-out and rapid triage. A more
specific cutpoint (Figure 8, right) enables early rule-in
and rapid treatment of patients with ACS. Patients
who fall in the middle will require further observation
and serial testing. Other protocols have used the
high-sensitivity assays at both time 0 and 1 h to
determine the cutpoint, and the difference between
the baseline and the 1-h results that optimizes both
sensitivity and specificity. Still others have used
protocols and cutpoints that maximize sensitivity for
early rule-out, while tolerating low specificity (35). As
these protocols are defined and implemented, it will
be critical for clinicians to have a firm understanding
of the definitions of sensitivity and specificity of
troponin testing.

This paper provides visual explanations in sche-
matic forms that are meant to give practitioners an
intuitive understanding of the statistical issues
related to troponin testing. Understanding the sta-
tistics that define the cutpoint, sensitivity, and
specificity of troponin testing is critical. Misunder-
standing these statistics can lead to flawed clinical
reasoning and mistakes at the bedside. Mistakes can
lead to missed diagnosis, delayed diagnosis, and
overdiagnosis, resulting in overtreatment, where the
potential harm may exceed the benefit in low-risk
patients. Now is a particularly important time to re-
view this important topic. The new high-sensitivity
troponin assays will bring with them opportunities
for improving the care of patients presenting with

FIGURE 8 Distribution of Troponin Levels With Multiple Cutpoints
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for identifying patients who might be eligible for more aggressive therapy
(Rule-in).
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High-sensitivity cardiac troponin I at presentation in patients 
with suspected acute coronary syndrome: a cohort study
Anoop S V Shah*, Atul Anand*, Yader Sandoval, Kuan Ken Lee, Stephen W Smith, Philip D Adamson, Andrew R Chapman, Timothy Langdon, 
Dennis Sandeman, Amar Vaswani, Fiona E Strachan, Amy Ferry, Alexandra G Stirzaker, Alan Reid, Alasdair J Gray, Paul O Collinson, 
David A McAllister, Fred S Apple, David E Newby, Nicholas L Mills; on behalf of the High-STEACS investigators†

Summary
Background Suspected acute coronary syndrome is the commonest reason for emergency admission to hospital and 
is a large burden on health-care resources. Strategies to identify low-risk patients suitable for immediate discharge 
would have major benefi ts.

Methods We did a prospective cohort study of 6304 consecutively enrolled patients with suspected acute coronary 
syndrome presenting to four secondary and tertiary care hospitals in Scotland. We measured plasma troponin 
concentrations at presentation using a high-sensitivity cardiac troponin I assay. In derivation and validation cohorts, 
we evaluated the negative predictive value of a range of troponin concentrations for the primary outcome of index 
myocardial infarction, or subsequent myocardial infarction or cardiac death at 30 days. This trial is registered with 
ClinicalTrials.gov (number NCT01852123).

Findings 782 (16%) of 4870 patients in the derivation cohort had index myocardial infarction, with a further 32 (1%) 
re-presenting with myocardial infarction and 75 (2%) cardiac deaths at 30 days. In patients without myocardial 
infarction at presentation, troponin concentrations were less than 5 ng/L in 2311 (61%) of 3799 patients, with a 
negative predictive value of 99·6% (95% CI 99·3–99·8) for the primary outcome. The negative predictive value was 
consistent across groups stratifi ed by age, sex, risk factors, and previous cardiovascular disease. In two independent 
validation cohorts, troponin concentrations were less than 5 ng/L in 594 (56%) of 1061 patients, with an overall 
negative predictive value of 99·4% (98·8–99·9). At 1 year, these patients had a lower risk of myocardial infarction and 
cardiac death than did those with a troponin concentration of 5 ng/L or more (0·6% vs 3·3%; adjusted hazard ratio 
0·41, 95% CI 0·21–0·80; p<0·0001).

Interpretation Low plasma troponin concentrations identify two-thirds of patients at very low risk of cardiac events 
who could be discharged from hospital. Implementation of this approach could substantially reduce hospital 
admissions and have major benefi ts for both patients and health-care providers.

Funding British Heart Foundation and Chief Scientist Offi  ce (Scotland).

Copyright © Shah et al. Open Access article distributed under the terms of CC BY-NC-ND.

 Introduction
Chest pain is a common cause of hospital admission 
worldwide and is a major burden on health-care 
resources.1 In the UK, chest pain is responsible for 
roughly 1 million visits to emergency departments each 
year.2 Although many of these patients might be suitable 
for direct discharge from the emergency department,3 
current care pathways are unable to rule out myocardial 
infarction at presentation, and guidelines recommend 
serial troponin tests requiring hospital admission in 
most patients.4 Because most of these patients do not 
have myocardial infarction, this approach leads to a large 
number of potentially avoidable hospital admissions.2,5,6

High-sensitivity cardiac troponin assays with high 
precision at very low concentrations enable accurate 
quantifi cation of troponin in most healthy people.7,8 
These assays could transform the assessment of patients 
with chest pain through the development of safe and 
eff ective strategies to exclude myocardial infarction in 

the emergency department.9 Although international 
guidelines10 recommend that cardiac troponin concen-
trations above the 99th centile be used for the diagnosis 
of myocardial infarction, some studies suggest that 
patients with undetectable troponin concentrations are 
at low risk.10–15

In a prospective study of the use of a high-sensitivity 
cardiac troponin I assay, we aimed to defi ne a threshold 
that identifi es patients with suspected acute coronary 
syndrome at presentation who are at low risk of myocardial 
infarction and potentially suitable for immediate discharge.

Methods
Study design and participants
For the derivation cohort, we prospectively identifi ed 
consecutive patients with suspected acute coronary 
syndrome presenting to emergency departments of 
secondary care hospitals (St John’s Hospital, Western 
General Hospital) and a tertiary care hospital (Royal 
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than 5 ng/L in 594 patients (56%) with a negative 
predictive value of 99·4% (98·8–99·9). Across all 
derivation and validation cohorts, 12 (0·4%) of 
2905 patients with troponin concentrations less than 
5 ng/L at presentation met the primary endpoint 
(appendix pp 5–6).

In the derivation cohort, 2978 (61%) patients were 
admitted to hospital for further investigation (table 1). In 
the 2272 patients admitted to hospital who were not 
diagnosed with type 1 myocardial infarction, 1009 (44%) 
had troponin concentrations less than 5 ng/L at 

presentation and might have been suitable for immediate 
discharge.

In the derivation cohort, patients with troponin 
concentrations less than 5 ng/L at presentation, 
myocardial infarction or cardiac death were rare at a 
median follow-up of 427 days (IQR 371–489; fi gure 3). 
Compared with patients with peak troponin concentrations 
between 5 ng/L and the 99th centile (appendix p 7), 
patients with troponin concentrations of less than 5 ng/L 
at presentation were less likely to have myocardial 
infarction or cardiac death at 1 year (p=0·0001; table 2). 
This association persisted after adjustment for diff erences 
in age and sex (p<0·0001; table 2).

Discussion
In more than 6000 patients with suspected acute 
coronary syndrome, we have defi ned a cardiac troponin 
threshold at presentation that identifi es almost two-thirds 
of patients as being at very low risk of myocardial 
infarction or cardiac death, and who could potentially be 
safely discharged from the emergency department. 
Implementation of this approach would reduce avoidable 
hospital admission and have major benefi ts for both 
patients and health-care providers.

Our study has several strengths that distinguish it from 
previous studies. First, we prospectively identifi ed all 
consecutive unselected patients presenting to both 
secondary and tertiary care hospitals, including patients 
admitted out of hours. As such, we believe our fi ndings to 
be both representative and generalisable, and that this 
approach will be widely applicable across diff erent 
health-care settings. Second, our study population 
exceeded the combined number of patients in a 
meta-analysis,3 which enabled us to analyse clinically 
important subgroups, such as patients who present early 
or have previous cardiovascular disease. Third, we have 
systematically assessed a range of troponin concentrations 
to identify a threshold that maximised the proportion of 
patients to be safely discharged. Finally, we used an assay 
with the necessary precision under routine laboratory 
conditions to report troponin concentrations at this 
threshold and to use this approach to guide patient care.

One of the main limitations was that we did not test the 
implementation of this threshold in routine clinical 
practice. Although we determined the number of patients 
who could be safely discharged, whether clinicians can 
eff ectively implement this threshold in clinical practice 
and whether this will substantially improve rates of 
discharge, is unknown. Conversely, this threshold should 
not be implemented in isolation and without regard to 
appropriate clinical assessment. One in 200 patients still 
had an index or 30-day event and many had other evidence 
of myocardial ischaemia. Finally, we had no data about 
later investigations and treatments. Implementation of 
this threshold is expected to reduce health-care costs but 
these benefi ts might be lost if recurrent presentations or 
additional outpatient consultations increase.

Figure 3: Cumulative incidence of myocardial infarction or cardiac death in patients with troponin 
concentrations less than the 99th centile
Patients without index myocardial infarction were stratifi ed into two groups based on the troponin concentration 
at presentation. Compared to patients with troponin concentrations ≥5 ng/L, patients with troponin 
concentrations <5 ng/L were less likely to have a myocardial infarction or cardiac death at 1 year (0·6% vs 3·3%; 
hazard ratio 0·41, 95% CI 0·21–0·80; log-rank p<0·0001).

Number at risk
<5 ng/L

5 ng/L to
99th centile

0 100 200 300 400 500

2160
1453

2144
1385

2136
1346

2126
1309

1303
830

374
297

Time (days)

0

2

4

6

8

10

Cu
m

ul
at

iv
e i

nc
id

en
ce

 (%
)

<5 ng/L
5 ng/L to 99th centile

<5 ng/L 
(n=2160)
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centile 
(n=1453)

Unadjusted 
hazard ratio 
(95% CI)

Adjusted 
hazard ratio 
(95% CI)

Myocardial infarction

30 days 0 (0·0%) 6 (0·4%)

1 year 6 (0·3%) 19 (1·3%) 0·21
(0·08–0·51)

0·36
(0·13–0·99)

Cardiac death

30 days 0 (0·0%) 6 (0·4%)

1 year 6 (0·3%) 32 (2·2%) 0·14
(0·06–0·31)

0·41
(0·17–0·98)

Myocardial infarction or cardiac death

30 days 0 (0·0%) 12 (0·8%)

1 year 12 (0·6%) 48 (3·3%) 0·17
(0·09–0·31)

0·41
(0·21–0·80)

Data are n (%) unless stated otherwise. The hazard ratios are derived from a Cox regression model using all follow-up 
data. The median follow up was 427 days (IQR 371–489 days). 

Table 2: Subsequent myocardial infarction or cardiac death in patients with troponin concentrations 
below the 99th centile in the derivation cohort
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Very early rule-out strategies for AMI 

1. Very low concentrations (<LOD for the specific assay)
2. Single cut-off approach
3. 1h-algorithm
4. Combined very-low concentrations and 1h-algorithm

 11 

Supplemental Figures and Figure Legends 

 

 

Figure 1S Comparison of rule-out strategies 

 

Comparison of the four very early rule-out strategies for acute myocardial infarction. CPO = 

chest pain onset. 
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Everything will change in the near future?



The role of cardiovascular magnetic resonance imaging
and computed tomography angiography in suspected
non–ST-elevation myocardial infarction patients:
Design and rationale of the CARdiovascular Magnetic
rEsoNance imaging and computed Tomography
Angiography (CARMENTA) trial
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Background Although high-sensitivity cardiac troponin (hs-cTn) substantially improves the early detection of myocardial
injury, it lacks specificity for acute myocardial infarction (MI). In suspected non–ST-elevation MI, invasive coronary
angiography (ICA) remains necessary to distinguish between acute MI and noncoronary myocardial disease (eg, myocarditis),
unnecessarily subjecting the latter to ICA and associated complications. This trial investigates whether implementing
cardiovascular magnetic resonance (CMR) or computed tomography angiography (CTA) early in the diagnostic process may
help to differentiate between coronary and noncoronary myocardial disease, thereby preventing unnecessary ICA.

Study Design In this prospective, single-center, randomized controlled clinical trial, 321 consecutive patients with acute
chest pain, elevated hs-cTnT, and nondiagnostic electrocardiogram are randomized to 1 of 3 strategies: (1) CMR, or (2) CTA
early in the diagnostic process, or (3) routine clinical management. In the 2 investigational arms of the study, results of CMR or
CTA will guide further clinical management. It is expected that noncoronary myocardial disease is detected more frequently
after early noninvasive imaging as compared with routine clinical management, and unnecessary ICA will be prevented. The
primary end point is the total number of patients undergoing ICA during initial admission. Secondary end points are 30-day
and 1-year clinical outcome (major adverse cardiac events and major procedure-related complications), time to final
diagnosis, quality of life, and cost-effectiveness.

Conclusion The CARMENTA trial investigates whether implementing CTA or CMR early in the diagnostic process in
suspected non–ST-elevation MI based on elevated hs-cTnT can prevent unnecessary ICA as compared with routine clinical
management, with no detrimental effect on clinical outcome. (Am Heart J 2013;166:968-75.)

From the aDepartment of Cardiology, Maastricht University Medical Center, Maastricht, The
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intended to undergo early CMR or CTA. Patients are
admitted and treated according to current guidelines and
clinical judgment. The decision to proceed to ICA, and
additional downstream testing is made on clinical
grounds and left at the discretion of the clinical
cardiologist taking care of the patient. Recommendations
are provided to prevent heterogeneity between attending
cardiologists (Figure 2).
Randomization arm 2: CMR imaging. A compre-

hensive CMR study is performed on a clinical whole-body
3.0-T multitransmit magnetic resonance imaging scanner
(Achieva; Philips Medical Systems, Best, The Netherlands)
as soon as possible after admission (b72 hours). A bright
blood sequence in the transversal plane covering the
whole heart and large vessels is used to determine
anatomy and extracardiac pathology. Cine-CMR in the
short axis (multislice, covering the whole heart), left
ventricular outflow tract, and horizontal and vertical long-
axis view (single slice) is used to evaluate ventricular
volumes, regional wall motion abnormalities, and overall
function. T2-weighted CMR in short-axis view (multislice,
covering the whole heart), horizontal and vertical long-
axis view (single slice), and adenosine-stress-rest perfu-
sion CMR (basal, mid, and apical slice) and DE-CMR in
short axis (multislice, covering the whole heart) and

horizontal and vertical long axis (single slice) are used to
detect edema, ischemia, and/or scar, respectively. All
images are reviewed step by step during scanning.
Additional nonstandardized images are obtained when
observations during standardized views remain ambigu-
ous. Gadolinium contrast infusion (Gadovist 0.2 mmol/kg
body weight; Bayer Pharma AG, Berlin, Germany) is used
for perfusion and DE-CMR imaging. A coronary etiology
of chest pain is assumed in case of the following:
subendocardial or transmural late enhancement on DE-
CMR in the territory of a coronary artery with/without
regional wall motion abnormalities on cine, with/without
obvious increased signal intensity on T2-weighted-CMR,
and/or a subendocardial or transmural perfusion defect
corresponding to the distribution territory of a coronary
artery during rest and/or stress perfusion.
Randomization arm 3: CTA. A comprehensive CT

scanning investigation is performed using a second-
generation dual-source CT scanner (Somatom Definition
Flash; Siemens Medical Solutions, Forchheim, Germany)
as soon as possible after admission (b72 hours). To
achieve a stable heart rate of b65 beats/min, patients will
be premedicated with beta blocking agents (if no
contraindications, 50 mg metoprolol oral and up to
20 mg metoprolol intravenously before the scan).

Figure 2

Recommendations to guide clinical management in clinical routine arm. *If appropriate according to clinical judgment and in the absence of
regular contra-indications. †If coronary angiography results are ambiguous. ‡Current guidelines: European Society of Cardiology, American
College of Cardiology, Netherlands Society of Cardiology and local hospital protocols.
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Sublingual nitrates (if no contraindications) will ensure
maximal vasodilatation to enhance coronary lumen
visualization before scanning.
A nonenhanced scan is performed to determine the

coronary calcium score, using the method of Agatston
et al.23 A testbolus is used to ensure optimal timing for
CTA. Computed tomography angiography is performed
using a dual-head injector contrast protocol (Ultravist
300; Bayer Pharma AG, Berlin, Germany) with a total
amount of 120 mL to facilitate sufficient late-enhance-
ment imaging. Every patient in the CTA arm will undergo
a non-contrast baseline CT scan, coronary CTA, and, for
experimental reasons, DE imaging.
In patients with a stable heart rate b65 beats/min, a

prospectively triggered high-pitch spiral protocol is
used. In patients with a heart rate ≥65 beats/min or in
case of an irregular heart rhythm, a retrospectively
gated helical protocol with dose modulation is used.
Dual-energy DE images are acquired 6 minutes after
contrast injection using a prospectively gated dual-
energy scanning protocol. Images are reconstructed
with thin slices, and field of view and reconstruction
kernel are adapted to evaluate the coronary arteries, to
assess the whole lung, pulmonary arteries, and the

aorta. Images are directly viewed and evaluated on a
dedicated postprocessing workstation (MultiModality
Workplace; Siemens Medical Solutions).
A coronary etiology of the chest pain syndrome is

considered highly likely in case of the following: a
significant stenosis (≥70% luminal narrowing) or total
occlusion in a coronary artery. Also, an Agatston score of
more than 1,000 will be considered as evidence of a
coronary etiology, in the absence of AAS, PE, or
alternative causes.

Cardiovascular magnetic resonance and CTA analysis
and recommendations
For both CMR and CTA, the following noncoronary

myocardial disease diagnoses are made: (peri)myocardi-
tis, stress cardiomyopathy, other cardiomyopathies (eg,
amyloidosis and sarcoidosis), AAS, PE, and other (non-)
cardiac (incidental) findings. A CMR of CTA investigation
is “equivocal”when the images are nondiagnostic, owing
to insufficient image quality (artifacts) or incomplete
image acquisition, and when a final diagnosis cannot
be made. A CMR or CTA study is interpreted as “normal”
if the images are diagnostic and no (extra-)cardiac
pathology is seen.

Figure 3

Recommendations to guide clinical management in CMR or CTA arm. *Cardiomyopathy (Takotsubo, hypertrophic, dilated, infiltrative),
myocarditis, pericarditis, aortic dissection, acute PE. †If appropriate according to clinical judgment and in the absence of contraindications. ‡Left at
the discretion of caring cardiologist. §Current guidelines: European Society of Cardiology, American College of Cardiology, Netherlands Society
of Cardiology and local hospital protocols.
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What is the hs-cTn evidence
for clinical benefit across a 

health service?
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Aims Cardiac troponin (cTn) assays with improved sensitivity are increasingly utilized for the assessment of patients admitted
because of suspected acute coronary syndrome (ACS). However, data on the clinical consequences of the implemen-
tation of such assays are limited.

Methods
and results

In a retrospective register-based study (37 710 coronary care unit admissions; SWEDEHEART registry), we compared
the case mix, the use of diagnostic procedures, treatments, and 1-year all-cause mortality 1 year before the implemen-
tation of a cTn assay with improved sensitivity (study period 1) and 1 year thereafter (study period 2). During study
period 2, more at-risk patients were admitted and more patients had cTn levels above the myocardial infarction
cut-off (ACS patients +13.1%; non-ACS patients +160.1%). cTn levels above this cut-off exhibited stronger associa-
tions with mortality risk in study period 2 (adjusted HR 4.45 [95% confidence interval, CI, 3.36–5.89]) compared with
period 1 (adjusted HR 2.43 [95% CI 2.11–2.80]), similar as for the cTn ratio relative to the respective 99th percentile.
While there was no multivariable-adjusted increase in the use of diagnostic procedures, significant trends towards more
differentiated treatment depending on the cause of cTn elevation, i.e. ACS or non-ACS, were noted.

Conclusions The implementation of a cTn assay with improved sensitivity was associated with an increase in the number of patients
who due to their cTn-status were identified as suitable for beneficial therapies. There was no inappropriate increase in
hospital resource utilization. As such, cTn assays with improved sensitivity provide an opportunity to improve the clin-
ical management of patients with suspected ACS.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Keywords Cardiac troponin † Acute coronary syndrome † Clinical management † Cardiovascular outcomes † Coronary

care unit

Introduction
Cardiac troponin (cTn) assays with improved sensitivity are in-
creasingly utilized for the assessment of patients with suspected
acute coronary syndrome (ACS). These assays have been shown
to reliably identify patients with small cTn elevations in whom
ACS might have remained undetected if conventional assays had
been used.1 Accordingly, these assays allow for the application of
the analytical quality requirements outlined in the Universal Defin-
ition of Myocardial Infarction, namely that cTn concentrations at the

diagnostic cut-off (i.e. the 99th percentile derived from healthy indi-
viduals) should be measurable with a ,10% coefficient of variation
(CV).2 However, published data on the clinical consequences of the
use of such cTn assays together with the 99th percentile as diagnostic
cut-off in patients admitted to coronary care units (CCUs) are scarce
and limited due to somewhat small sample sizes.3,4

For this reason, we conducted a retrospective study based on a
large patient cohort with data entered into the SWEDEHEART
(The Swedish Web-system for enhancement and Development of
Evidence-based care in Heart disease Evaluated According to

* Corresponding author. Tel: +46 18 611 00 00, Fax: +46 18 50 66 38; Email: kai.eggers@ucr.uu.se

Published on behalf of the European Society of Cardiology. All rights reserved. & The Author 2016. For permissions please email: journals.permissions@oup.com.
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RECENT REPORTS HAVE INDI-
cated that the latest genera-
tion of sensitive troponin as-
says can increase diagnostic

performance and improve the early di-
agnosis of myocardial infarction (MI).1,2

Lowering the threshold for detecting
cardiac troponin is a highly controver-
sial issue among clinicians with cardi-
ologists, physicians, and clinical bio-
chemists uncertain as to whether the
benefits of small improvements in sen-
sitivity will outweigh the problems that
may arise as a result of reduced speci-
ficity. Furthermore, whether lowering
the threshold for detection of plasma
troponin improves clinical outcomes in
patients with suspected acute coro-
nary syndrome (ACS) is unknown.3

Following improvements in assay
performance, a more sensitive tropo-
nin I assay was introduced into our in-

stitution. During the validation phase
of the assay, only values at or above the
diagnostic threshold of 0.20 ng/mL
from the previous generation of assay
were reported to clinicians. The vali-
dation and subsequent implementa-
tion of this assay provided a unique
opportunity to assess in patients pre-
senting with suspected ACS (1) the
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Context Although troponin assays have become increasingly more sensitive, it is unclear
whether further reductions in the threshold of detection for plasma troponin concentrations
will improve clinical outcomes in patients with suspected acute coronary syndrome (ACS).

Objective To determine whether lowering the diagnostic threshold for myocardial
infarction (MI) with a sensitive troponin assay could improve clinical outcomes.

Design, Setting, and Patients All consecutive patients admitted with suspected
ACS to the Royal Infirmary of Edinburgh, Edinburgh, Scotland, before (n=1038; Feb-
ruary 1-July 31, 2008, during the validation phase) and after (n=1054; February 1-July
31, 2009, during the implementation phase) lowering the threshold of detection for
myocardial necrosis from 0.20 to 0.05 ng/mL with a sensitive troponin I assay were
stratified into 3 groups (!0.05 ng/mL, 0.05-0.19 ng/mL, and "0.20 ng/mL). During
the validation phase, only concentrations above the original diagnostic threshold of
0.20 ng/mL were reported to clinicians.

Main Outcome Measure Event-free survival (recurrent MI and death) at 1 year in
patients grouped by plasma troponin concentrations.

Results Plasmatroponinconcentrationswerelessthan0.05ng/mLin1340patients(64%),
0.05 to 0.19 ng/mL in 170 patients (8%), and 0.20 ng/mL or more in 582 patients (28%).
During the validation phase, 39% of patients with plasma troponin concentrations of 0.05
to 0.19 ng/mL were dead or had recurrent MI at 1 year compared with 7% and 24% of
thosepatientswith troponin concentrationsof less than0.05ng/mL(P!.001)or0.20ng/
mL or more (P=.007), respectively. During the implementation phase, lowering the diag-
nostic threshold to 0.05 ng/mL was associated with a lower risk of death and recurrent MI
(from 39% to 21%) in patients with troponin concentrations of 0.05 to 0.19 ng/mL (odds
ratio, 0.42; 95% confidence interval, 0.24-0.84; P=.01).

Conclusions In patients with suspected ACS, implementation of a sensitive tropo-
nin assay increased the diagnosis of MI and identified patients at high risk of recurrent
MI and death. Lowering the diagnostic threshold of plasma troponin was associated
with major reductions in morbidity and mortality.
JAMA. 2011;305(12):1210-1216 www.jama.com
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ABSTRACT
Objectives High-sensitivity troponin (hs-cTn) is
substituting conventional cTn for evaluation of chest
pain. Our aim was to assess the impact on patient
management and outcome.
Methods A total of 1372 consecutive patients
presenting at the emergency department with non-ST-
elevation acute chest pain were divided into two periods
according to the cTn assay used, conventional (n=699,
March 2008 to July 2010) or hs-cTn (n=673, November
2010 to March 2013). Management policies were
similar and according to guidelines. The primary
endpoint was major adverse cardiac events (MACE) at
6 months (death, myocardial infarction, readmission by
unstable angina or postdischarge revascularisation).
Results There were minor differences in baseline
characteristics. In the hs-cTn period, more patients
elevated cTn (73% vs 37%, p=0.0001) leading to more
coronary angiograms (77% vs 55%, p=0.0001) and
revascularisations (45% vs 31%, p=0.0001); conversely,
fewer patients were initially assigned to exercise testing
(14% vs 36%, p=0.0001) and, therefore, discharged
early after a negative result (7% vs 22%, p=0.0001). At
6 months, 135 patients suffered MACE, including 54
deaths. After adjusting for a Propensity Score, hs-cTn use
was not significantly associated with MACE (HR=0.99;
95% CI 0.70 to 1.41; p=0.98) or mortality (HR=1.02;
95% CI 0.59 to 1.77; p=0.95), though the risk of
longer hospitalisation stay increased at the index episode
(OR=1.35, 95% CI 1.07 to 1.71, p=0.02).
Conclusions hs-cTn simplified chest pain triage on
avoiding a more complex evaluation with non-invasive
tests in the chest pain unit, but prompted longer
hospitalisations and more invasive procedures without
impacting on the 6-month outcomes.

INTRODUCTION
Troponin (cTn) plays a central role in the manage-
ment of acute chest pain. The conventional cTn
assays lack precision for measuring cTn at low con-
centrations corresponding to the 99th percentile
value of a normal reference population; this is the
cut-off for the diagnosis of acute myocardial infarc-
tion (AMI).1 2 In contrast, the high-sensitivity cTn
(hs-cTn) assays show precision at the 99th percent-
ile cut-off.3 4

Due to this better accuracy, hs-cTn allows the
identification of some high risk patients from

within the vast population of acute chest pain who
would otherwise go undetected using conventional
cTn.5–7 In addition, cTn release can be detected as
early as 2 h from AMI onset.8–10 However, ruling
in AMI when hs-cTn is mildly elevated or ruling
out unstable angina when hs-cTn is normal remains
matters of debate.
Currently, hs-cTn is substituting conventional

cTn in many hospitals, but there is scarce informa-
tion regarding how this change is modifying patient
management and outcome. Some data suggest that
hs-cTn use might improve patient prognosis, but
more information is needed to confirm these find-
ings.11 In this study, two consecutive series of
patients with acute chest pain managed with con-
ventional or hs-cTn assay were compared. The
main purpose was to investigate the impact of
hs-cTn on postdischarge outcome as well as on the
inhospital diagnostic work-up and management.

METHODS
Study design
This prospective cohort study included 1372
patients who presented at the emergency depart-
ment with acute chest pain. The study group com-
prised two cohorts corresponding to different
periods according to the cTn assay used: (1) the
conventional cTn period (from 1 March 2008 to 1
July 2010, n=699) and (2) the hs-cTn period
(from 1 November 2010 to 1 March 2013,
n=673). In the time interval between the two
periods, a different provisional cTn assay was used
until the new high-sensitivity assay was implemen-
ted, and these interim patients were not considered.
The study was reviewed and approved by the ethics
board of the University Clinic Hospital of Valencia.
In both periods, consecutive patients presenting

at the emergency department with a chief presenta-
tion of chest pain considered by the cardiologist on
duty to be of possible coronary origin were
included. The clinical screening process involved a
first evaluation by a member of the emergency staff
to determine if the chest pain was of obvious non-
cardiac origin (eg, muscular, skeletal or pleuritic
pain). The remaining conditions were initially con-
sidered as of a possible cardiac origin. At the
second evaluation, the cardiologist on duty
excluded clinical settings suggestive of cardiac dis-
eases other than coronary heart disease (such as

Sanchis J, et al. Heart 2014;100:1591–1596. doi:10.1136/heartjnl-2013-305440 1591
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THM-1

• Current hs-cTn assays now rule out AMI with high 
confidence and challenge the need for additional 
testing (this does not apply for clinical high-risk 
features) 



THM-2

• The reduced specificity of the hs-cTn assays for 
AMI confronts ED physicians with a new problem 
and warrant a more sophisticated approach



THM-3

• However, studies that optimally define “markedly 
elevated and/or substantially rising hs-cTn levels” 
and the most appropriate imaging modality strategy 
are needed 



specificity for a certain myocardial disease and methods to
improve thediagnostic specificity inherently lower sensitivity.

Usefulness of additional noninvasive
cardiovascular testing
Based on the initial hs-cTn values and repeated measures,

the European Society of Cardiology guidelines support the
classification of patients into 3 groups.16 Figure shows a
modification of this algorithm and provides suggestions for
the usefulness of additional testing or noninvasive imaging:
(1) rule-out group: in patients with hs-cTn levels ≤ URL or
undetectable levels, AMI can be ruled out confidently
(ie, prognosis is excellent and the rate of missing AMI
is extremely low) and additional testing is generally
discouraged to prevent false-positive test results; (2) observe
group: in patients with (mildly) abnormal (NURL) hs-cTn

levels but without a substantial rise and/or fall, additional
testing and characterization of myocardial injury is often
necessary (to differentiate between coronary and noncor-
onary myocardial disease or even extracardiac disease); and
(3) rule-in group: patients with markedly elevated and/or
substantially rising hs-cTn levels and the appropriate clinical
setting have a high likelihood for AMI and should undergo
invasive testing when indicated. With the exception of
indicated echocardiography, additional noninvasive tests
should not unnecessarily delay invasive management in the
rule-in group.
In cohort studies comparing 2 sequential periods,

introducing the hs-cTn assay significantly increased the
prevalence of AMI, use of ACS medications, invasive
coronary angiograms, revascularization procedures, and
length of hospital stay as compared with the contemporary
assay period. Whether this more aggressive approach

Figure

Risk stratification algorithm in patients with acute chest pain suspected for myocardial ischemia. “NN” means markedly elevated and/or
substantially rising hs-cTn level. 1Acute myocardial injury can be ruled out confidently and prognosis is excellent. Of note: UA may still be present
in a small subset of these patients. 2Acute myocardial injury: both coronary and noncoronary causes (myocarditis, cardiomyopathies [stress,
hypertrophic, dilated], PE) may be responsible. 3AMI highly likely. *Reassess hs-cTn if clinical suspicion for AMI is high and/or symptom-onset
uncertain. cTn, contemporary cTn assay (ie, non–high-sensitive); STEMI, ST-elevation myocardial infarction.
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