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Lowering the bar of high-sensitivity cardiac troponin: more than

limbo dancing?
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To discharge or not to discharge remains one of the
most common and contentious questions emergency
department (ED) physicians are confronted with in patients
presenting with acute chest pain. The success story of
contemporary high-sensitivity cardiac troponin (hs-cTn)
assays is remarkable and had great impact on this question:
Biomarkers for the diagnosis of acute myocardial infarction
(AMI) were first introduced in the 1960s with the use of
aspartate transaminase (AST) which was also incorporated
into the World Health organization (WHO) definition of
AMI (1,2). AST, though, is not specific for cardiac damage
and by 1970s was replaced by lactate dehydrogenase (LDH),
creatine kinase (CK) and a bit later complemented by
myoglobin (3). Advancements in electrophoresis allowed
the detection of cardiac-specific iso-enzymes of CK and
LDH, i.e. CK-MB and LDH 1+2 (4). For two decades,
these assays played an important role in the diagnosis of
AML. In the late 1990s, a radioimmunoassay was developed
to reliably detect serum cardiac troponin (cTn) (5). Novel
5th generation hs-cTn T assays have further improved
clinical practice and sensitivity: troponin at concentrations
10- to 100-fold lower than measurable with conventional
assays can now be quantified (3). To put it in a nutshell, hs-
¢I'n assays—in contrast to conventional ¢Tn assays—are
able to detect troponin with higher sensitivity and higher
precision (in particular at the 99th percentile) at an earlier
point of time (6), and allow detection and quantification in
50% (ideally 95%) of healthy individuals (7). Hs-cTn assays
should assure a low coefficient of variation (low imprecision)
of <10% at their respective 99th percentile to assure
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reliability around their clinical threshold. Many hospitals
in Europe now have replaced conventional ¢Tn assays with
hs-c'Tn assays replacing all other laboratory tests, including
CK, CK-MB, and myoglobin for its “absolute” myocardial
tissue specificity. After the approval by the Food and Drug
Administration (FDA) in January of 2017, it will probably
only be a matter of time before the wide-spread use of hs-
cT'n assays also becomes common in the United States.

Varying biomarkers and predominantly the further
development of ¢Tn assays to hs-cTn assays, has
significantly shortened the time period necessary for the
exclusion of AMI. In general, more than 8 h were needed
to rule out AMI by CK/CK-MB, conventional cardiac
troponin assays had to be re-measured after 6-12 hours (8,9).
The introduction of hs-cTn assays halved this time period
to 3 h (3-h rule out protocol) (10). In cases of high pre-test
probability for NSTEMI and if chest pain onset >3 h, a 1-h
algorithm has been recommended provided that “validated
algorithms” are available (10).

Pickering, Than and colleagues (11) in the present
collaborative meta-analysis of 11 clinically and
geographically diverse cohorts and 9,269 patients have
used hs-cTnT results to assess the safety of an early rule-
out strategy for AMI. In their meta-analysis it has been
scrutinized whether a single hs-¢TnT concentration below
the limit of detection (LoD <5 ng/L) in combination with
a nonischemic electrocardiogram (ECG) may successfully
rule out AMI. In most but not all settings, patients
investigated for acute coronary syndrome with hs-cTnT
below the LoD and a nonischemic ECG—almost a third
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Figure 1 Algorithm for rapid early rule-in and rule-out of acute myocardial infarction with hs-cTn assays, from (3). It is generally

recommended to use the 3-h algorithm. In cases of high pre-test probability for NSTEMI and if chest pain onset >3 h, a 1-h algorithm has

now been proposed with assay-specific hs-cTn cutoff levels. Any algorithm should always be used in conjunction with clinical assessment

and 12-lead ECG. Repeat blood sampling may be deemed necessary in cases of ongoing or recurrent chest pain. GRACE, Global Registry

of Acute Coronary Events score; hs-cTn, high-sensitivity cardiac troponin; ULN, upper limit of normal, 99th percentile of healthy controls,

D change is dependent on assay; DD, differential diagnosis.

of all patients (30.5%)—had very low risk for AMI or for
Major Adverse Cardiac Events (MACEs) within 30 days (11).
The authors have proposed that integrating such an early
screening approach into existing investigative strategies may
enable patients to be safely discharged to outpatient follow-
up earlier than in current practice (11).

In principle, such an approach is only feasible because of
the very early high sensitivity of hs-cTn assays and the fact
that hs-cTn are able to quantify troponin concentrations
in the majority of healthy individuals. Troponin assays are
positive when there has been myocardial necrosis (and not
necessarily myocardial ischemia or infarction). To maintain
high specificity for AMI, it is important to distinguish acute
from chronic hs-cTn elevation. This has already been
addressed by the various algorithms available using absolute
(and relative) changes to rule in/out AMI (12,13). The high
sensitivity of the assay with its very high negative predictive
value for AMI if < LoD/limit of blank (LoB) predestines it
for a rule out test. According to current guidelines, the use
of single hs-cTn measurements is already recommended for
special circumstances: a patient presenting with symptoms

suggestive of AMI and highly abnormal hs-cTn (<5x upper
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limit of normal) at baseline may already today be ruled in;
a patient presenting with chest pain onset >6 h and normal
baseline hs-cTn (< upper limit of normal) may already today
be ruled out for AMI if Global Registry of Acute Coronary
Events score (GRACE) score <140 (Figure 1) (3).

Caveats

High laboratory standards (such as assay calibration,
laboratory setup) at individual sites is a sine qua non for the
use of hs-cTn assays in general but especially for a potential
single measurement approach using very low hs-c¢Tn
levels as proposed by this meta-analysis. Many clinicians
including cardiologists blindly trust and rely on their
clinical laboratories to address the analytical performance
of the assays while still being unfamiliar with the laboratory
science of troponin testing. Reliable measurements of hs-
¢Tn are made at the 99th percentile with low coefficient
of variation of <10%. Very low troponin measurements as
scrutinized in the present meta-analysis scatter much more
around the LoD and LoB (14). Additionally, LoD and
LoB are assay specific (hs-cTnT) and even future hs-cTnT
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assays may have different cut-offs; the authors of the meta-
analysis therefore rightly mention that their analysis is assay
specific (hs-cTnT).

Diagnostic decision making in patients with chest pain
is notoriously treacherous. Although hs-cTn assays have
significantly shortened the “troponin-blind interval”, the
group of early presenters (chest pain onset within 3 h)
might still require serial troponin measurements to rule out
AMI even in the context of non-ischemic ECG. From a
clinical point of view, physicians should not be tempted to
classify patients with very low hs-cTn concentrations and
negative ECGs as very low risk for AMI and discharge them
instead of working on the various differential diagnoses
of acute chest pain. Some clinicians and authors have
introduced the term “troponin-negative chest pain” which
is not a good term but rather an evasion for identifying
the underlying cause (15). Often, the cause of non-AMI
chest pain may not be life threating and can be dealt with
in the outpatient setting. Nevertheless, even if measured
with a hs-cTn assay, patients with “troponin-negative chest
pain” may suffer from potentially life-threatening diseases
that require prompt further diagnostics and treatment
(e.g., pulmonary embolism, aortic rupture or dissection,
pneumonia, Boerhaave’s syndrome (esophageal rupture),
tension pneumothorax). With EDs crowding and increasing
economic pressure on hospitals the market place has
influenced clinics and physicians: more and more clinical
algorithms are used in EDs in order to free up beds and
improve throughput, facilitate quick discharges and process
patients. Even the best algorithms cannot substitute clinical
acumen to make a comprehensive and correct diagnosis.

Lowering or raising the bar of hs-cTn assays?

The full and long-term prognostic impact of hs-cTn assays
remains to be elucidated. The development of more and
more sensitive biomarkers of myocardial necrosis and the
use of lower cut-offs have led to a much earlier diagnosis
and treatment of AMI in many cases. On the other hand,
they also seem to have led to a tendency to mandate further
evaluation even of patients with little or no clinical evidence
of an acute coronary syndrome.

Unlike in most parts of the world, FDA approval of the
hs-cTnT assay in the United states specified higher cutoff
values (19 vs. 14 ng/L in most other parts of the world),
with sex-specific cutoff values as 14 ng/L for women and
22 ng/L for men. Furthermore, the inherent tension
between achieving diagnostic certainty and a rapid rule-
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out has led to an increasing use of diagnostic testing with
cardiovascular imaging (16): combining the high-sensitivity
of the blood biomarkers tests with imaging techniques that
impart specificity for myocardial ischemia and infarction is
an increasingly used strategy (17). This approach may raise
the bar for acute chest pain evaluation.

Concluding remarks

Regarding the present meta-analysis (11) the authors have
to be commended on their work and collaborative skills:
One of the major results of this study is that rule out in a
significant portion of patients with symptoms suggestive
of AMI is likely to be shortened without compromising on
patient safety regarding missed AMI. More of such analyses
are necessary in order to assess other contemporary hs-
cT'n assays. Hs-cTn is a marker of myocardial necrosis and
not one of myocardial ischemia, which can be tested with
cardiovascular imaging techniques. Integrating the results
of hs-c¢'Tn measurements with algorithms and robust clinical
assessment remains the optimal approach.
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