L))

Check for
updat

Page 1 of 4

Cardiac troponin testing in acute coronary syndrome: personalized
thresholds or generalized cut-offs?
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Abstract: Despite the diagnosis of acute coronary syndrome (ACS) has engaged the minds of many
clinicians and laboratory professionals for decades, the introduction of high-sensitivity immunoassay for
measuring cardiac troponins has dramatically contributed to enhance the diagnostic efficiency and has
almost revolutionized the clinical decision making. Serial measurements at fixed time points of these
biomarkers remain the gold standard for increasing the diagnostic specificity of cardiac troponin testing.
However, irrespective of the ongoing debate around the optimal timing of repeated testing, what has not
been definitely clarified is whether personalized thresholds may be better than using generalized cut-
offs. Due to the many physiological conditions and non-ischemic disorders which potentially impact the
measurable troponin concentration, a personalized approach entailing multiple decision limits does not
appear suitable, even when limited to longitudinal monitoring of individual patient data. The use of a single
cut-off, much lower than the upper reference limit (URL) and likely corresponding to the limit of detection
of the assay, seems now the most promising and efficient strategy combined with 2-3 hours repeated testing.

This approach may allow to rapidly and safely ruling out non-ischemic causes of chest pain, but may also

considerably increase the specificity of cardiac troponin testing in unselected populations.
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The paradigm of cardiac troponin testing

The diagnostics of the acute coronary syndrome (ACS)
has engaged the minds of many clinicians and laboratory
professionals for decades (1). The introduction of cardiac
troponin testing and the further refinements of commercial
immunoassays have revolutionized the diagnostic approach
to this condition, since the measurement of these biomarkers
by means of high-sensitivity immunoassay should now be
regarded as the mainstay for early and efficient diagnosis of
myocardial ischemia, as well as for safely ruling out ACS. As
endorsed by most guidelines and recommendations (2-4),
the most reliable and efficient strategy for using cardiac
troponin in patients with suspected ACS is based on a
dichotomous approach, entailing a baseline measurement
followed by a second test, 1 to 3 hours thereafter, according
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to the value obtained on the former assessment (5). This
strategy would allow to achieve an optimal degree of both
sensitivity (i.e., in patients with values exceeding the lower
diagnostic cut-offs) and specificity (i.e., by observing a
characteristic kinetics of the biomarker concentration over
time, which eventually reflects the presence of an acute and
ongoing myocardial injury).

Most of us would still agree that serial measurement at
fixed time points remains an unquestionably meaningful
policy for increasing the diagnostic specificity of cardiac
troponin testing. However, irrespective of the ongoing
debate around the optimal timing of repeated testing,
what has not been definitely clarified is whether the use of
personalized thresholds may be superior over the use of
generalized cut-offs in terms of diagnostic efficiency.
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The enigma of the decision limit

The enigma basically originates from the evidence that the
concentration of cardiac troponins may be enhanced in
many non-ischemic and extra-cardiac conditions, so that
the use of the traditional Upper Reference Limit (URL;

th

conventionally the 99" percentile) of a population of
ostensibly healthy subjects may be inappropriate or even
misleading (6). There are many doubts as to whether the
use of the 99" percentile URL may be really suitable to be
used as diagnostic threshold. Conventionally, the cardiac
troponin URL is set on a population of healthy subjects
(not less than 300). This aspect is quite problematic since
“healthy” means all or nothing. The term “healthy” in
cardiovascular risk assessment not only implies that the
subjects are not suffering (or have not suffered) from
myocardial ischemia, but also that they should be actually
free from significant atherosclerotic involvement of the
coronary tree, since atherosclerotic disease is a major
determinant of cardiac troponin concentration (7). Even
more importantly, dyslipidaemias can contribute themselves
to increase the measurable value of circulating troponin (8).
The presence and degree of coronary atherosclerosis can
only be established with invasive or expensive and time-
consuming imaging techniques (e.g., coronary angiography,
cardiac magnetic resonance imaging), but the feasibility
and ethical issues underlying these investigations in healthy
subjects are questionable due to the unjustified iatrogenic
risk. The suitable application in the real world scenario of
an URL derived from a reference population of healthy
subjects is also questionable. The incidence of myocardial
ischemia increases in parallel with ageing and with the
number of putative risk factors. The vast majority of patients
with chest pain or other symptoms suggestive of ACS are
aged 50 years or older and usually suffer from a number
of comorbidities which may impact the actual cardiac
troponin concentration (9). Therefore, the assumption that
an URL calculated on healthy subjects could be efficiently
used in patients with suspected myocardial ischemia can be
seriously questioned.

The conditions other than myocardial ischemia in which
circulating cardiac troponins may be increased include
“organ-specific” cardiac diseases such as myocarditis,
pericarditis, heart failure, atrial fibrillation or other severe
dysrhythmias, cardiac trauma and/or concussion, strenuous
exercise, cardiotoxicity (e.g., chemotherapy or due to other
drugs), amyloidosis, sarcoidosis and rheumatic diseases
among others, as well as a kaleidoscope extra-cardiac
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Figure 1 Implications of demographical and clinical variables in
modifying the “personalized” reference range of cardiac troponin I

(cTnl).

pathologies which may trigger indirect cardiac injury (e.g.,
advanced cancer, impaired renal function and uraemia,
chronic obstructive pulmonary disease, massive pulmonary
embolism, cerebrovascular ischemia, severe systemic
infections and/or sepsis, severe allergic reactions and/or
anaphylaxis). The relative increase of both cardiac troponin
T (¢TnT) and I (¢Tnl) in patients with these conditions
can be hardly predicted, since it mostly depends on the
severity of the underlying condition, the general condition
of the patient (i.e., sex, age, comorbidity, cardiac and renal
function), the degree of local involvement of cardiac tissue,
the timing of sampling (e.g., cardiac troponins also exhibit a
circadian variation), the technique used for measuring ¢TnT
or ¢I'nl, and even the type of myocardial infarction (10).
The various combination of these factors would make it
hazardous to identifying a large number of cut-offs tailored
according to the presence or absence of one or more of
the physiological and pathological determinants. To put it
simply, and assuming that the established inter-individual
variability of ¢Tnl is around 64%, the uncertainty of the
personalized reference range is expected to grow in parallel
with the measured value and with the number of potential
determinants of increased concentration (Figure I). As a
paradigmatic example, the theoretical ¢Tnl threshold of a
67-year old male patient with active cancer, heart failure and
pneumonia, would raise from a virtually immeasurable value
up to 73 ng/mL, with a confidence of interval (due to inter-
individual variability) ranging between 26 and 120 ng/mL.
This would make the use of personalized cut-offs rather
unsafe due to the large (predicted) heterogeneity of ¢Tnl
variation and would also contribute to confuse clinicians,
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Figure 2 Impact of demographical or pathological variables on the

measurable troponin concentration.

especially those working in frequently overcrowded and
chaotic short stay units.

Searching for solutions

So, how can we deal with this issue? Indeed, the
personalized approach does not appear to be suitable even
when applied to the longitudinal monitoring of individual
patient data. Incidentally, cardiac troponins are increased
in advanced cancer (11) and in patients with impaired renal
function (12). Yet, the individual value exhibit a dramatic
variation among cancer patients and poorly correlates
with the reduction of glomerular filtration rate (GFR),
thus making it impossible to develop models, algorithms
or nomograms that may accurately predict the impact of
certain demographical or pathological variables on the
measurable troponin concentration (Figure 2). The range
of uncertainty would still remain so high, as in Figure 1,
that no definitive conclusions could be made. So, is there
a chance to get out of the maze? Yes, and the best solution
is probably the simplest. There are at least two aspects that
make the kinetics of cardiac troponin virtually unique in
ACS. The former is the unquestionable assurance that the
concentration of these biomarkers measured with high-
sensitivity immunoassays is elevated above the limit of the
detection (LOD) of the specific immunoassay in patients
presenting with an ACS (13,14). Unlike using the 99"
percentile URL, this cut-off would allow to reach up to 1.0
sensitivity and 1.0 negative predictive value at presentation,
although the diagnostic efficiency would still be plagued
by a considerable number of false positive results. Short-
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time serial testing, likely between 2-3 hours after baseline
(this timing is dependent upon analytical and organizational
issues), would then enable to identify a kinetics compatible
with an acute myocardial ischemia in the setting of a high
pre-test probability, which helps increase considerably the
specificity and the positive predictive value (15).

Conclusions

Although the circle seems to be now closing, one should still
consider that a significant gap remains between the number
of acute myocardial infarctions (AMIs) “officially” diagnosed
based on the International Classification of Disease (ICD)-
Coding system and the number of AMIs diagnosed according
to the currently accepted definition (16), thus paving the
way to a paradoxical scenario for diagnosing AMI. By
“reinventing the wheel”, we will get back when it all started,
i.e., to a slightly modified definition of myocardial infarction
as endorsed nearly 20 years ago by the European Society of
Cardiology and the American College of Cardiology (17),
according to which acute, evolving or recent myocardial
infarction could now be defined as “an increased value of
cardiac troponin (defined as a measurement exceeding the LOD)
with a high clinical index of suspicion and/or a typical rise of
cardiac troponin concentration in the following 2-3 hours”.
Always remembering to include the definition in the ICD-
Coding system.
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