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High-sensitive cardiac troponin: friend or foe?
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Summary

Cardiac troponin I and T (cTn) are structural proteins
unique to the heart. Detection of cTn in peripheral blood
indicates cardiomyocyte necrosis. As acute myocardial in-
farction (AMI) is the most important cause of cardiomyo-
cyte necrosis, cTns have become an integral part in the dia-
gnosis of AMI. In this indication, cTns are superior to all
other biomarkers indicating cardiomyocyte necrosis such
as CK-MB and myoglobin, and are therefore considered
the preferred marker in the diagnosis of AMI. It is im-
portant to highlight that cTn indicates and quantifies car-
diomyocyte necrosis irrespective of its cause? The major
limitation of contemporary cTn assays is a sensitivity de-
ficit in the first few hours of AMI due to a delayed in-
crease of circulating levels. Recent advances in assay tech-
nology have lead to a refinement in cardiac troponin (cTn)
assays that have had a profound impact on clinical prac-
tice. High-sensitive cTn assays have two differentiating
features from contemporary cTn assays: 1) detection of
cTn in healthy persons and 2) a precise definition of what is
“normal” (= the 99th percentile). Recent multicentre stud-
ies have shown that high-sensitive cTn assays improve the
early diagnosis of AMI. To achieve the best clinical use,
cTn has to be interpreted as a quantitative variable. Rising
and/or falling levels differentiate acute from chronic car-
diomyocyte necrosis. The term “troponin-positive” should

Figure 1

12-lead ECG and measurement of cardiac troponin complement
clinical assessment in the diagnosis of acute myocardial infarction
(AMI).

therefore be avoided. “Detectable” levels will become the
norm and have to be clearly differentiated from “elevated”
levels. The differential diagnosis of a small amount of car-
diomyocyte necrosis and therefore mild elevation of cTn
is broad and includes acute and chronic cardiac disorders.
The differential diagnosis of a large amount of cardiomyo-
cyte necrosis and therefore substantial elevation of cTn is
much smaller and largely restricted to AMI, myocarditis
and tako-tsubo cardiomyopathy.
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Recent advances in assay technology have lead to a refine-
ment in cardiac troponin I and T (cTn) assays and there-
fore the clinical ability to detect and quantify cardiomyo-
cyte necrosis [1–3].
Cardiac troponins (cTn) are structural proteins unique to
the heart. Detection of cTn in peripheral blood indicates
cardiomyocyte necrosis [1]. As acute myocardial infarction
(AMI) is the most important cause of cardiomyocyte nec-
rosis, the use of high-sensitive cTn assays is expected to
lead to an important improvement in the diagnosis of AMI
[4]. This review will highlight the most relevant aspects
from a clinical perspective and provide suggestions on how
to clinically apply high-sensitive cTn assays most effect-
ively.
As with any other innovation, it is key to start with the
question: what is the unmet clinical need?

The early and reliable diagnosis of
AMI

Acute myocardial infarction (AMI) is the major cause of
death and disability worldwide with an ongoing increase
in incidence. The risk of death is highest within the first
few hours from AMI onset [5–7]. Approximately 15 to 20
thousand patients per million inhabitants per year present
to the emergency department (ED) with acute chest pain or
other symptoms suggestive of AMI in Europe and the Un-
ited States each [5–7]. Rapid identification of AMI is crit-
ical to initiate effective evidence-based medical treatment
and management [6–8]. Fortunately the majority of patients
presenting with acute chest pain to the ED do NOT have
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AMI, but often benign disorders such as musculoskeletal
pain instead.
The 12-lead ECG and cTn are the diagnostic cornerstones
and complement clinical assessments (fig. 1 + 2) [6–8].
In most patients with ST-elevation AMI, clinical assess-
ment and the ECG provide a straight forward diagnosis
and allow the initiation of revascularisation within minutes.
However, ST-elevation AMI represents only about 5% of
consecutive patients presenting with acute chest pain [9].
Therefore, in many other patients, in fact the vast majority,
the physician is left with considerable uncertainty follow-
ing the clinical assessment and the initial ECG. The ECG
by itself is often insufficient to diagnose an AMI since
ST deviation may be observed in other conditions, such
as early repolarisation patterns, acute pericarditis, left
ventricular hypertrophy, left bundle brunch block, hyper-
kalemia and the Brugada syndrome [6–8, 10, 11]. There-
fore, cTns have become a prominent role in the diagnosis
of AMI. cTns, sensitive and specific biochemical markers
of cardiomyocyte necrosis [6–8, 12–17], are very helpful
in clinical practice to identify patients with acute coronary
syndromes at high risk, and to select those patients who
will benefit from early coronary angiography and, whenev-
er possible, percutaneous coronary intervention [6–8,

Figure 2

Rule in of acute myocardial infarction (AMI) can be at presentation
(0h) in patients with unequivocal ST-elevations, at 1h in patients
with elevations in cardiac troponin (cTn) in the measurement
performed at presentation (turnaround time is around 1h in most
hospitals) and at 7h if the first cTn is normal and the elevation in
cTn becomes apparent only at the second measurement performed
after 6 hours. Rule out requires a normal 2nd cTn level and
therefore takes 7 hours. The clinical consequences of the delayed
rule in and rule out are profound.

12–17]. In addition, fully automated standard cTn assays,
including the current fourth-generation Roche TnT, are su-
perior to all other biomarkers that have been clinically
available in the diagnosis of AMI, such as CK-MB and
myoglobin, and are therefore considered the preferred
marker in the diagnosis of AMI [13, 15, 18, 19]. It is im-
portant to highlight that cTn indicates and quantifies cardi-
omyocyte necrosis irrespective of its cause.
The major limitation of contemporary cTn assays is a sens-
itivity deficit in the first few hours of AMI due to a delayed
increase of circulating levels. With these tests, circulating
levels become detectable in peripheral blood only after 3 to
4 hours [6–8, 20]. The diagnosis of AMI consequently re-
quires prolonged monitoring over 6 to 12 hours and serial
blood sampling (fig. 2). Delayed “rule in” may increase
morbidity and potentially mortality in AMI [6–8], whereas
delayed “rule out” contributes to overcrowding in the ED
with the associated costs [21].
Figure 3 highlights the main difference between contem-
porary and high-sensitive cTns assays. High-sensitive cTn
assays have two differentiating features from contemporary
cTn assays: 1) detection of cTn in healthy persons and 2)
a precise definition of what is “normal” (= the 99th per-
centile) [8, 9, 22]. This feature is of key importance as a
cTn value above the 99th percentile of a normal reference
population is a “conditio sine qua non” for the diagnosis of
AMI.

High-sensitive cTns assays

“Sensitive” and “high-sensitive” are used by the manu-
facturer to describe their assays with increased sensitivity
[23–25]. Although there is no consensus regarding when
the term “sensitive” and when the term “high-sensitive”
should be applied in the description of cTn assays, it is im-
portant to note that there are substantial analytical differen-
ces among the new assays. Some allow the detection of cTn
in about 50% of a normal reference population, whereas
others allow detection in up to 90% of a normal reference
population (fig. 3). One reasonable option is to use “sens-
itive” for the former and “high-sensitive” for the later [26].
It is still unclear whether these analytical differences im-
pact on their clinical performance. Evidence from one large
multicentre study suggested that this might not be the case
for the most important indication: the diagnosis of AMI
[27].

Figure 3

Interpretation of cTn concentrations in clinical practice, and changes offered by the
consideration of high-sensitive cTn. The main difference between contemporary cTnT
(right, 4th generation Roche cTnT) and high-sensitive cTnT (left) is that the later allows a
precise definition of the normal range. For cTnT, two different cut-off levels have been
used. Levels of <0.01 ug/l are undetectable and are considered “normal”. Levels between
0.01 and 0.035 ug/l are “likely pathological” but associated with high imprecision, and
levels above 0.035 ug/l are pathological. The high-sensitive cTnT assay detects some
patients with previously undetectable cTnT levels to have high-sensitive cTnT levels
above the 99th percentile and measures with high precision in the “likely pathological”
range of the conventional cTnT.
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Friend: sensitive and high-sensitive
cTn assays improve the early
diagnosis of AMI

Two large prospective multicentre studies showed that
sensitive and high-sensitive cTn assays have a higher dia-
gnostic accuracy compared to contemporary cTn assays at
presentation, in the diagnosis of AMI (fig. 4). The bene-
fit observed for the sensitive and high-sensitive cTn as-
says was most pronounced in patients presenting soon after
chest pain onset [27]. These findings were confirmed in a
second multicentre study [28]. Improvements in the early
diagnosis of AMI in the “early presenters” is of paramount
importance as it offers the opportunity to expand the
concept of “time is muscle” from patients with ST-eleva-
tion AMI to all AMI patients [6–8]. More rapid “rule in”
may reduce morbidity by allowing earlier revascularisa-
tion, earlier transfer to the coronary care unit, and earlier
initiation of evidence-based AMI treatment [6–8]. In addi-
tion, the sensitive and high-sensitive cTn assays may allow
the reliable “rule out” of AMI within a much shorter peri-
od as with standard cTn assays. Used in conjunction with
clinical assessment and the ECG, sensitive and high-sensit-
ive cTn assays may allow a significant reduction in the per-
centage of patients with diagnostic uncertainty who require
continuous ECG monitoring and serial blood sampling for
6 to 9 hours. The cost-savings associated with this increase
in early diagnostic accuracy might be substantial [21]. On-
going studies by our group and others will define the best
algorithms on how to apply sensitive and high-sensitive
cTn assays to most rapidly rule out and rule in AMI.
With the board decision of the universal definition of AMI
in 2007, different subtypes of AMI have been introduced
for the first time. AMI is no longer restricted to the concept
of acute coronary plaque rupture resulting in decreased
oxygen supply (type I) but also in conditions with elevated
oxygen demand (type II, e.g. sepsis, hypertensive crisis, ta-
chycardic atrial fibrillation) in the absence of a dominant
coronary atherosclerosis. With the clinical launch of high-
sensitive cTn assays, AMI will be diagnosed more often,
especially Type II AMI with elevated oxygen demand.
These patients do not have an acute plaque rupture and vas-

Figure 4

Diagnostic accuracy at presentation as quantified by the area under
the receiver operating characteristic (ROC) curves for a
contemporary cardiac troponin (cTn) assay (black, 4th generation
cTnT) and four sensitive or high-sensitive cTn assays (red –
Siemens cTnI Ultra; blue – Abbott cTnI Architect; green – Roche
high-sensitivity cTnT; orange – Roche cTnI) in the diagnosis of
acute myocardial infarction according to chest pain onset.

cular thrombosis and it still has to be shown whether these
patients do profit from acute implementation of aggressive
dual platelet inhibition and anticoagulants.

Foe: how to identify the cause of
cardiomyocyte becrosis?

The high-sensitive cTnT assay was the first high-sensitive
cTn assay available for widespread clinical application.
Following the publication of the data showing superior per-
formance in the early diagnosis of AMI, many institutions
throughout Europe have replaced the contemporary cTnT
assay with the high-sensitive cTnT assay. While this trans-
ition is technically easy as both assays run on the same
platform and the high-sensitive cTnT assay is not more
expensive than the cTnT assay, the challenges faced on
the clinical side have been substantial and largely underes-
timated. Many institutions have switched assays with little
educational effort to prepare their clinicians on how to best
apply the high-sensitive cTnT test results.
Additionally, many institutions in Europe were ill-prepared
and many institutions in the United States are ill-prepared
for the transition to the high-sensitive cTn assays, although
some were using already a sensitive cTn assay. However,
many institutions did not apply the cut-off level suggested
by current guidelines (the 99th percentile) [8, 9, 22], but
rather decided to use higher cut-off levels with a higher
specificity for AMI. This made life easy for cardiologists,
but harmed patients with early AMI or other causes of car-
diomyocyte necrosis which remained undetected.
For years, the clinical application of cTn results was rather
simple. An elevated cTn level was considered equivalent to
the diagnosis of an acute coronary syndrome and justified
the immediate initiation of the respective management: an-
tiplatelet and anticoagulation therapy, transfer to the coron-
ary care unit, and a cardiology consultation for possible
early coronary angiography.
The clinical introduction of high-sensitive cTn assays is a
trade-off. They allow the detection of AMI in the first few
hours and also the detection of non-ischaemic causes of
cardiomyocyte necrosis associated with multiple diseases,
but challenges the clinician to differentiate them.
We are just beginning to understand the potential associ-
ated with the use of high-sensitive cTn assays in multiple
other indications. This tool allows quantification of cardi-
omyocyte necrosis in the stable phase of established cardi-
ac disease like coronary artery disease (CAD) or heart fail-
ure, and even in the general population to identify those
patients with either silent or clinically underestimated dis-
ease and therefore with a high risk of death [1–3].

High-sensitive cTn improves risk
stratification

We would like to use stable CAD as an example to discuss
the potential clinical use of high-sensitive cTn assays in
risk stratification. In most patients with stable CAD, cTn
levels in peripheral blood are below the limit of detection
for conventional assays. The distribution and determinants
of very low circulating cTn, as well as their association
with cardiovascular events, in such patients were previ-
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ously unknown. Using the new Roche high-sensitive cTnT
assay, the concentration of cTnT in plasma samples from
patients with stable CAD and preserved left ventricular
ejection fraction function was measured [29]. High-sensit-
ive cTnT levels were analysed in relation to the incidence
of cardiovascular events during follow-up. High-sensitive
cTnT levels were detectable in more than 90% of patients
and above the 99th percentile in 11% of patients. After ad-
justment for other independent prognostic indicators, there
was a strong and graded increase in the cumulative incid-
ence of cardiovascular death and of heart failure. Increased
risk associated with higher levels of cTnT was evident well
below the limit of detection of conventional cTnT assays
and below the 99th percentile of values in a healthy popu-
lation. The next step now is to prove that treatment modi-
fications are available to offer to patients identified to be at
increased risk, which will ultimately improve patient out-
come.

Clinical application of high-sensitive
cTn assays: absolute level and change

High-sensitive cTn assays allow the precise quantification
of cardiomyocyte necrosis. As AMI is not the only cause
of myocyte necrosis, it is key to consider the absolute level
as well as the change in cTn within 1–3 hours as important
criteria in the differential diagnosis of the cause of cardi-
omyocyte necrosis (fig. 5): the higher the absolute value of
high-sensitive cTn at ED presentation in patients with sus-
pected AMI, the higher the probability that it is AMI [1–3].
The differential diagnosis of a small amount of myocardi-
al injury and therefore mild elevation of cTn is broad and
includes acute and chronic disorders. CTn has to be inter-
preted as a quantitative variable. The term “troponin-posit-
ive” should therefore be avoided. “Detectable” levels will
become the norm and have to be clearly differentiated from
“elevated” levels.
Secondly, the larger the rise in high-sensitive cTn within
the first few hours in the ED, the higher the probability that
it is AMI. Thereby, serial changes documented by a second
measurement help to differentiate acute cardiac disorders
(showing a rise and/or fall) from chronic cardiac disease
which usually exhibit constant cTn levels. It is a matter of
debate whether absolute or relative changes best separate

Figure 5

The differential diagnosis of high-sensitive cardiac troponin T (hs-
cTnT) levels is highly dependent on the absolute level.

acute from chronic cTn elevations, as well as AMI from
other causes of cTn elevation. Preliminary data suggest that
an absolute change of 30% in the cTn level at the 99th per-
centile within 6 hours might be reasonable criteria for the
rise and/or fall required for the diagnosis of AMI. However
it is important to highlight that a detailed clinical assess-
ment remains mandatory to differentiate AMI from the oth-
er potential causes of myocardial injury.
High-sensitive cTn assays improve the detection of cardi-
omyocyte necrosis in patients with acute systemic critical
illness affecting the heart such as severe sepsis and septic
shock [30]. The most appropriate management of critically-
ill patients identified to have myocardial injury/necrosis is
still unknown.
Ongoing studies will define the best algorithms on how to
apply the data from high-sensitive cTn assays in clinical
practice. Rule out and rule in algorithms as well as the tim-
ing of the second measurement will have to be fine-tuned
for each specific cTn assay. Until data from large studies
have validated more rapid rule out algorithms, it is strongly
suggested to continue to stick to the current guidelines
and repeat the measurements after 6 hours [7, 8, 31]. It is
important to highlight that the diagnostic performance of
sensitive cTn assays in the diagnosis of AMI outside the
setting of chest pain patients presenting to the ED is un-
known.
The more widespread application of high-sensitive cTn
tests and the application of the 99th percentile as the de-
cision limit for AMI will lead to a substantial increase in
the detection of patients with slightly elevated levels of
cTn. In some of them, AMI will be the diagnosis, whereas
in many others the mechanisms of myocardial injury will
not be AMI. Future studies need to define the most appro-
priate therapeutic measures in response to the detection of
myocardial injury in many of these settings.
High-sensitive cTn assays provide a new noninvasive win-
dow to the heart. We should not be afraid of having a closer
look. Accepting that we do not fully understand all of what
we see through this novel window is a crucial step to direct
future research in the right direction, in order to improve
the management of patients with cardiovascular disorders.
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