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Advantages of High Sensitivity Troponin Assays

Cardiac troponins are very sensitive and specific indicators of damage to the
myocardium
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The most recent U.S. Food and Drug Administration (FDA) clearance was Siemens
Healthineers high-sensitivity troponin I assays (TnlH) for the Atellica IM and ADVIA
Centaur XP/XPT in vitro diagnostic analyzers. The test helps in the early diagnosis of
mpyocardial infarctions without the need for serial tropic testing. The time to first results

1s 10 minutes.
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Troponins are a family of proteins found in skeletal and heart (cardiac) muscle fibers
that produce muscular contraction. Troponin T (TnT) and I(Tnl) molecules have
amino acid sequences that are found only in cardiac tissue. With damage to heart
muscle cells, cardiac-specific troponin is released into the bloodstream. Thus, cardiac
troponins (troponin I and T) are very sensitive and specific indicators of damage to the
myocardium.

Cardiac troponin (cTn) assays were introduced into clinical practice in 1995 as an aid in
the diagnosis of acute myocardial infarction (AMI).[1] Guidelines published in 2000,
recommended troponin as the preferred diagnostic marker for the first time.[2]
Originally, these assays lacked the sensitivity to reliably rule out myocardial infarction
for 12 hours or longer after symptom onset using serial blood sampling. Consequently,
there has been an incentive, among diagnostic manufacturers, to develop more sensitive
and precise troponin assays. Increased sensitivity of these tests has a great benefit,
particularly rapid and confident rule-out of acute myocardial injury and the ability to
quickly discharge patients in busy emergency departments (ED).

WHAT DOES HIGH SENSITIVITY TROPONIN TESTING MEAN?

In order to be clinically usable, early guidelines recommended imprecision limits for
cTn assays, imprecision being measured as the coefficient of variation <10% at the 99th
percentile upper reference of normal (URL).[2-4] In comparison, the new generation
of troponin assays measure cTn concentrations five-fold to 100-fold lower than the early
conventional assays. Increased sensitivity means that the assays have much lower limits
of detection. The new standard for the highly sensitive cardiac troponin (hs-cTn) assay
is defined as the ability to detect ¢cTn concentrations precisely with a coefficient of
variation, <10 % at or the below the 99th percentile URL and measurable in >50% of
normal healthy individuals (5).

Currently, there are five hs-cTn assays that may meet these criteria.[6] Of these, only
Siemens Healthineers, Beckman Coulter and Roche offer hs-cTn assays that are
available for sale in the U.S. There is debate whether the Roche fifth-generation hs-
cTnT meets the above criterion for a highly sensitive assay.[7]

With older troponin assays, troponin was undetectable below the 99th percentile URL
cut-point and any detectable troponin was considered to be abnormal. With the use of
highly sensitive assays, many healthy individuals have troponin that is now detectable.

BIOMARKERS USED IN TROPONIN TESTING
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There are six mechanisms that have been proposed to explain the release of troponin
into the bloodstream:

* Normal cell turnover

* Myocyte necrosis

* Apoptosis, or programmed cell death
* Proteolytic fragmentation

* Increased cell membrane permeability

* Membranous blebs [1]

It is important to note that cTn is a cardiac-specific biomarker, not a disease-specific
biomarker. Thus, cTn is a marker of cardiac injury, not merely ischemic damage from
an AMI. Elevation of ¢Tn indicates myocardial injury regardless of etiology.
Improvements in analytical sensitivity have increased detection of cTn elevations,
particularly mild cTn elevation, not only due to AMI, but also because of numerous
acute or chronic diseases other than AMI. It is important to distinguish AMI, which
requires a rise and/or fall of cTn values, from chronic elevations that are associated with
structural heart disease.

The latest guidelines clearly state that serial troponin results are critical for diagnosis,
stating “The term acute myocardial infarction should be used when there is acute
myocardial injury with clinical evidence of acute myocardial ischaemia and with
detection of a rise and/or fall of cTn values with at least one value above the 99th
percentile URL ...” [4]

Shortening the length of time between serial sampling is a significant advantage of hs-
cTn assays for the diagnosis of AMI. Boeddinghaus et al [7] used both one and two-
hour protocols to evaluate a new hs-cTnl assay (Siemens Healthineers) and
demonstrated a 99.7% and 100% negative predictive value for AMI respectively. Other
researchers, particularly those outside the U.S., have studied reducing the time between
samples even further. A recent study showed that a single hs-cTn result below the limit
of detection had a 99% negative predictive value [8] although this practice has yet to be
adopted in the U.S.

What Troponin Testing Can Detect Beyond Heart Attacks

The diagnosis of AMI is no longer restricted to those with a primary coronary event,
usually atherosclerotic plaque rupture (MI type 1), but also in those with conditions
caused by an imbalance between myocardial oxygen supply and/or demand in the
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coronary circulation (MI type 2; e.g., coronary endothelial dysfunction, coronary artery
spasm, coronary embolism, tachy/bradyarrhythmia, anemia, respiratory failure,
hypotension, and hypertension).[3,4] With high-sensitivity cTn assays, the frequency of
MI type 2 appears to increase and a rise and/or fall of cTn values on serial testing may
or may not be useful in differentiating MI type 1 from type 2.[9] Thus, the clinical
features must be considered to differentiate MI type 1 from MI type 2.

Elevation of cTn indicates myocardial injury regardless of its etiology, and does not
necessarily indicate the presence of AMI. Improvements in analytical sensitivity have
increased the detection of cTn elevations, particularly mild elevations, because of
numerous acute or chronic diseases other than AMI. Many of these conditions are listed
in current guidelines (4). How to proceed with an outpatient recently discharged after
exclusion of AMI, but who has a stable elevation in hs-cTn or a measurable level below
the 99th percentile requires careful patient evaluation and thoughtful clinical
consideration by cardiologists. For example, evaluation for underlying structural heart
disease with echocardiography or cardiac magnetic resonance imaging may reveal
underlying pathology.[10] Thus, the “subclinical” disease revealed by using a hs-cTn
assay can lead to intensive management and hopefully improve clinical outcomes.

Reducing Costs by Using High-sensitivity Troponin Testing

Due to the increased sensitivity of the new troponin assay, there has been concern that
this increased sensitivity could lead to an increase in other diagnostic procedures. In a
study by Twerenbold et al [11] researchers found there was not only no increase in
angiography, but a significant decrease in the need for stress testing. They concluded
that introducing a high-sensitivity troponin assay “...was associated with an improved
rule-out process and thereby helped to substantially reduce the need for cardiac stress
testing and time to discharge.” Total costs were also reduced.

The Extended Value of High-sensitivity Troponin Testing

Over the past few years, studies have shown that elevated troponin levels provide
important prognostic information for patients. It has been consistently shown that an
increase in cTn is associated with future adverse cardiac events, illustrating that
troponin can be a marker of silent cardiac damage. In an early community-based cohort
study, initial conventional troponin I assays were shown to predict mortality and first
coronary heart disease event in men that appeared to be free from cardiovascular
disease at baseline.[12] With the advent of more sensitive troponin assays, this
application has been studied further.
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There is a growing body of evidence indicating that elevated hs ¢Tn cardiac troponins
have significant prognostic implications among patients otherwise believed to have
clinically stable cardiac artery disease (CAD). In two sub-studies of the Prevention of
Events with Angiotensin Converting Enzyme Inhibition Therapy (PEACE) trials, both
cTnl and cTnT were associated with increased risk of cardiovascular death and heart
failure in patients with chronic stable CAD syndromes.[13] Increased risk has been
found among asymptomatic patients, not just those who present to the ED with chest
pain. In the Atherosclerosis Risk in Communities Study, patients with very low hs-cTn
values (well below the 99th percentile limit) had a 2.3-fold risk for mortality and heart
failure.[14]

The increased sensitivity of hs-cTn assays translates clinically to earlier detection of
myocardial injury, detection of smaller areas of injury, and reduced time for diagnosis.
The most significant medical advance that hs-cTn offers is a reduction in time for AMI
rule-out. Thus, the introduction of high-sensitivity troponin assays has, and will
continue to, improve the standard of care for many patients. If AMI is rapidly ruled out,
patients may benefit from early discharge from ED. Additionally, hospitals may find a
reduction in costs due to eliminating procedures and reducing length of stay.

The sensitivity of the new hs-cTn assays may also lead to further applications in the
future. The use of this biomarker in the early identification of silent heart disease or
highly-risk populations may ultimately lead to improvements in the primary prevention
of cardiac disease.

Editor’s Note: Linda C. Rogers, Ph.D, DABCC, FACB, is a board-certified clinical
chemist Rogers has held laboratory director positions in Chicago, northwest Ohio,
Florida, and Oregon. She has held multiple positions in the laboratory diagnostics
industry including clinical and scientific affairs. Rogers areas of special interest and
expertise are in the fields of cardiac markers, endocrinology, maternal fetal medicine
and women'’s health. She has presented papers, spoken at symposia, and organized
programs for national and international meetings. Rogers is currently an independent
consultant and was compensated by Siemens Healthineers for her time and expertise to
author this article.
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