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Dear Editor,
The introduction of the cardiospecific tro-

ponin(s) testing at the beginning of the 21st

century has patently revolutionized the diag-
nostic approach to acute coronary syndrome
(ACS), and has now become the cornerstone
for diagnosing acute myocardial infarction
(AMI), especially in patients with atypical
symptoms, non-diagnostic electrocardiogram
(ECG) and/or non-ST elevation myocardial
infarction (NSTEMI).1 An unremitting refine-
ment of the analytical characteristics of earlier
troponin immunoassays has finally led to
development and commercialization of the so-
called latest generation or highly-sensitive
(HS) methods. The former term should be
used to define those methods that allow the
measurement of 99th percentile of the protein
in the reference population with an impreci-
sion ≤10%, whereas the latter definition refers
to those commercial tests that allow the meas-
urement of the protein in ≥75% of apparently
healthy adults representing the normal refer-
ence population.2 To rephrase this, it could be
said that the test was black or white until a few
years ago, as it was only capable to distinguish
between AMI and non-AMI patients. At present,
instead, we should learn to deal with a grey
scale test, since cardiac troponin(s) levels
reflect a continuum of myocardial damage,
rather than being a simple dichotomous bio-
marker (Figure 1). Although some unquestion-
able advantages have emerged from the use of
HS troponins,  yet there are some drawbacks
that are now putting to the test several emer-
gency physicians, as well as some laboratory
professionals.

The major problem became apparent after
the introduction of HS troponin immunoassays
for diagnosing AMI in the emergency depart-
ment (ED). The problem is represented by the
lack of diagnostic specificity for identifying an
ischemic injury. Protein(s) concentrations evi-
dently increase in a variety of non-ischemic
cardiac disorders – including cardiac contu-
sions, myocarditis, rhabdomyolysis, severe
arrhythmias, valvular diseases, aortic dissec-
tion, cardiomiopathies, infiltrative disorders
and cardiotoxicity by drugs, poisons or
chemotherapy.3,4 Besides that, there is a kalei-

doscope of extra-cardiac conditions, either
physiological or pathological, which may justi-
fy the release of cardiac troponin(s) to such an
extent that may become actually measurable
with most HS immunoassays, and which
should be clearly identified to prevent over-
crowding in the EDs. With respect to the phys-
iological variables, several studies have clearly
shown that healthy ageing and gender differ-
ences are associated with different values of
cardiac troponin(s). In an article published 4
years ago, Giannoni et al. already emphasized
that the concentration of troponin(s) steadily
increases across decades of ages, and is con-
sistently higher in males than females, with
values being nearly 15-fold higher in healthy
men over 70 as compared with healthy women
under 20.5 More recently, increased values of
HS troponin in older men were also reported by
Normann et al., as a result of a higher preva-
lence of silent cardiovascular disease in this
population, an aspect that might dramatically
unbalance the diagnostic performance of these
biomarkers, especially for identifying NSET-
MI.6 According to this data, it seems reason-
able to put forward the hypothesis that further
practical refinements may be necessary to
enhance the diagnostic performance of HS
immunoassays in ED patients. Incidentally, in
most cases the upper reference limit (URL) of
the novel HS method has been calculated by
the diagnostic industry – and subsequently in
preclinical validation studies settings – using
a presumably healthy population, which does
not correspond to the real world (i.e. the ED),
where these tests are mostly used. In a recent
article, we have shown that 99th percentile of
the URL recalculated on a population of ED
patients with no signs or symptoms of myocar-
dial ischemia was nearly 4-fold higher (i.e.
32.7 vs 8.6 ng/L) than that originally proposed
and validated for the same assay.7 As such, par-
titioning of diagnostic thresholds according to
age and gender appears a virtually unavoidable
step to facilitate the meaningful use of HS tro-
ponin immunoassays in the foreseeable
future. Meticulous troubleshooting of non-
ischemic and/or extra-cardiac causes of
increase is another necessary action, which is
something that we were not used to with the
former contemporary-sensitive methods. This
obviously requires appropriate and continuous
education of emergency physicians about the
known causes of troponin increase, consider-
ing that the adoption of disease-specific
thresholds seems unpractical due to the vast
number of conditions that may enhance a
physiological or pathological turnover of car-
diomyocytes or decrease protein catabolism
such as renal and liver failure,8 hypertension,
hypothyroidism,1 traumatic brain injury,9 along
with physical activity.10

Another important question is the improper
use of the current nomenclature. Despite the

claims issued by scientific societies aming at
harmonizing the terms according to genuine
analytical evidence, a variety of improbable
and often bizarre terms are being used to des-
ignate the analytical sensitivity of some com-
mercial methods by the in vitro diagnostic
industry, including the use of weird prefixes
such as ultra-, modified-, extra-.11 It is rather
clear that all these terms may cause a compre-
hensible confusion in the already crowded
minds of emergency physicians, who have lit-
tle time – and even less interest – to spend for
understating whether an ultra-sensitive assay
is more efficient than an extra-sensitive
method or vice versa. What should be simply
clear to everybody – including manufacturers,
laboratory professionals, cardiologists and
emergency physicians – is which cut-off value
should be used for diagnosing AMI in ED
patients, regardless of the claimed sensitivity
of the method. It is almost irrelevant that the
limit of detection of the method is 20 ng/mL or
10 times lower (i.e. 2 ng/L), if the diagnostic
threshold is ultimately comparable. A paradig-
matic example has already been provided,
where the optimal cut-off for diagnosing AMI
in the ED and the 99th percentile URL in males
of a contemporary-sensitive method (limit of
detection 10 ng/L, measurable values attain-
able in 35% of a healthy population) were
proven to be paradoxically lower than those of
the latest development of the same immunoas-
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say to fulfill HS-characteristics (limit of detec-
tion 2.5 ng/L, measurable values attainable in
80% of a healthy population).11,12 Another good
example of the gap existing between what is
theorized and what is being daily practiced
comes from a recent and interesting study by
Venge and Lindahl, who showed that a com-
mercial assay defined as not (clinically)
acceptable displayed equivalent or even superi-
or ability for identifying patients with poor out-
comes as compared with other commercial
methods that are currently ranked as guideline
acceptable from a genuine analytical perspec-
tive.13

Using HS methods, the emergency physi-
cians have to deal with a new diagnostic dilem-
ma: how can we separate patients with AMI and
initially elevated cardiac troponin(s) level from
those who have levels above the cut-off, result-
ing from non-ACS causes? Probably, the best
answer can be found in an appropriate serial
testing, although the appropriate definition of
timing in serial testing and protein increase is
indeed another matter of debate (and confu-
sion), using HS troponins(s).14 Considering
that the protein concentration has now become
measurable in the vast majority of subjects –
regardless of being healthy or diseased – and
that several ED patients suffering from non-
ischemic disorders display values largely
exceeding the 99th percentile URL when HS
methods are used, the use of serial sampling for
establishing troponin kinetics is vital. Several
studies have proposed rather different
approaches, including heterogeneous sampling
times (with 1, 2, 3, 4 and even 6 h intervals),
combined with broad reference change values,
from 20% (as for the former recommendations
of the US National Association of Clinical
Biochemistry) to over 150%.4 Absolute rather
than percentage increase of values has also
been proposed. This plethora of numbers and
approaches is not informative. In fact, it
plunges the most appropriate use and setting of
HS immunoassays into confusion. It is also
noteworthy that the firm paradigm that HS
methods would enable a faster rule out of ACS
in ED patients has been recently questioned.
With respect to this, Cullen et al. showed that an
algorithm incorporating troponin concentration
and delta values with a contemporary-sensitive
method allowed accurate diagnosis of AMI and a
faster exclusion of ischemic heart disease in
the majority of ED patients within 2 h from
presentation.15

All this considered, it is not so naive to cast
some doubts on the introduction of a HS
method as always increasing the number of
early diagnoses of AMI in the ED, at least upon
patient admission. This may obviously depend
on the real gap existing between the clinical
and analytical characteristics of the previous
assay and those of the latest (Figure 1). As the
contemporary-sensitive assay already provides

good clinical performance, the reasons in sup-
port of a transition toward an HS method are
probably flawed. It is in fact undeniable that
what can be optimistically gained in terms of
sensitivity, will then be lost in terms of speci-
ficity, because a larger number of measurable
values that are attainable in patients with non-
ischemic disorders would negatively impact on
the effective rate of rule-out. 

An important aspect to be considered by
those healthcare professionals working out-
side the laboratory environment – and that is
expected to expand exponentially in the near
future – is the limited possibility of choosing
between one troponin immunoassay and
another in a world of limited resources.
Tenders and other forms of acquisition of labo-
ratory reagents and instrumentation are now
spreading around the concept of core laborato-
ries, where troponin testing will remain an
important player, but where it also may be sac-
rificed in favor of healthcare economy and lab-
oratory organization.16

It is really suggestive – or even bizarre
according to a subjective perspective –  that
the development of the latest generation tro-
ponin immunoassays have been propelled by
three driving forces, i.e. the cardiologists’ aspi-
ration to increase the number of effective diag-
nosis of myocardial ischemia, the labora-
torists’ inclination to use the best possible
analytical method, and the competition among
different manufacturers to fulfill these needs.
Still, has anyone ever asked what emergency
physicians do really think and need for their
daily struggle in overcrowded emergency
rooms?
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Figure 1. Evolution of troponin immunoassays for diagnosing acute myocardial infarc-
tion.
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