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Abstract:- Troponin is a crucial protein present in various muscle types, including
cardiac muscle (myocardium), and plays an essential role in muscle contraction,
facilitating the heartbeat. Normally, only minimal levels of troponin are found i the
blood. However, when myocardial injury occurs, cardiac troponin (¢Tn) is released into
the bloodstream from the heart muscle. Monoclonal antibodies specific to ¢Tn have
enabled the development of assays for measuring ¢Tn levels in the blood. The amount
of troponin released is proportional to the severity of heart damage. During a heart
attack, the heart muscle's lack of oxygen-rich blood causes damage and the subsequent
release of troponin into the bloodstream.

There are three types of troponin: Troponin I (Tnl), Troponin T (TnT), and Troponin C
(TnC). Only Tnl and TnT are used for diagnosing heart attacks because TnC cannot be
identified as originating specifically from the heart muscle. Normal blood troponin
levels are very low, typically between 0-0.04 nanograms per milliliter, which were
difficult to measure accurately with initial tests. The advent of the high-sensitivity
cardiac troponin test (hs-cTnT) now allows for detecting low levels of cardiac troponin,
enabling earlier and more accurate diagnosis of heart attacks.

Troponin I can be analyzed using various methods such as Enzyme-Linked Immuno
sorbent  Assay  (ELISA), Enzyme-Linked Fluorescent  Assay  (ELFA),
Radioimmunoassay (RIA), Fluorescence Immunoassay, and Immuno chromatography
(ICT). Plasma troponin T levels can be measured using ELISA based on the Biotin-
Streptavidin principle and qualitative TnT examination by immunoassay (TnT-RA).
High-sensitivity troponin T (hs-TnT) and high-sensitivity troponin I (hs-cTnl) are
measured using the Electro chemiluminescence Immunoassay (ECLIA) method.
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BACKGROUND :

The high prevalence of cardiovascular disease significantly impacts patients, doctors, and healthcare services.
Chest pain, a potential sign of acute myocardial infarction (AMI), is one of the most common reasons for emergency
department visits worldwide. Many clinical care advancements rely on c¢Tn testing, with the most notable benefits
observed in hospital settings. This cTn test detects myocardial injury, enabling the detection of low concentrations with
high precision.'™ Cardiac troponin has been used clinically since 1995, following the approval of the first cardiac
troponin T (¢TnT) test.* Cardiac Troponin (cTn) is considered superior to creatinine kinase MB (CK-MB) for diagnostic
and prognostic purposes.

Troponin is a protein that regulates muscle tissue, specifically found in the heart muscle, known as cardiac
troponin (¢Tn). During myocardial injury, ¢Tn is released into the bloodstream from the myocardium. The development
of c¢Tn-specific tests using monoclonal antibodies has enabled the measurement of ¢Tn concentrations in the blood.
These assays have improved their analytical performance and are now the primary laboratory biomarker for diagnosing
myocardial infarction (MI). The amount of troponin released correlates with the extent of myocardial damage, making
quantitative cTn results valuable for prognosis.*™* Enhancements in cardiac specificity and sensitivity have significantly
increased the frequency and accuracy of cardiovascular disorder diagnoses, particularly with high-sensitivity cardiac
troponin tests.”

Troponin is a complex protein consisting of three subunits (T, I, and C) that play a role in muscle contraction
regulation. Both cardiac and skeletal muscles contain troponin C, while troponin T and [ are typically considered cardiac-
specific. The three-unit troponin complex (troponin I, T, and C), along with tropomyosin, is situated on actin filaments
and is crucial for the calcium-mediated regulation of muscle contractions. Tissue-specific isoforms of troponin I, T, and
C exist, but since the cardiac isoform of troponin C is also present in slow-twitch skeletal muscle, it lacks cardiac
specificity and is not used in diagnostic tests for cardiac injury.'""

When cardiac injury occurs due to ischemia or other causes, cardiomyocytes release cardiac troponin into the
bloodstream proportionally to the extent of the damage. Troponin levels rise within 3 to 4 hours after injury onset and
remain elevated for 4 to 7 days for troponin I or 10 to 14 days for troponin T. Cardiac troponin T and [ are integral
components of the cardiomyocyte contractile apparatus and serve as biomarkers for necrosis. These troponins are the
most commonly measured indicators in patients with acute coronary syndrome. Elevated cardiac troponin levels, even
those below the detection limit for a positive test, may predict adverse cardiovascular events. Plasma cardiac troponin is a
sensitive and specific biomarker commonly used for diagnosing myocardial infarction. The development of the highly
sensitive troponin T (hs-cTnT) assay facilitates early detection of myocardial infarction and serves as a prognostic tool
for stable coronary artery disease.'' Cardiac troponin T (¢TnT) and troponin I (¢Tnl) share similar amino acid sequences,
differing from their skeletal muscle isoforms and being encoded by unique genes."* Human ¢Tnl has 31 additional amino
acid residues at the amino-terminal end compared to skeletal muscle Tnl, conferring complete cardiac specificity.'”” ¢TnT
is encoded by a gene distinct from that encoding the skeletal muscle isoform, with 11 additional amino acid residues at
the amino-terminal end, providing unique cardiac specificity."'
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ETIOLOGY AND EPIDEMIOLOGY

Troponin exists in three different molecular forms according to specific isotypes. The molecular
weights of ¢Tnl and ¢TnT are 23,500 and 33,500 Daltons, respectively. Despite being smaller than CK-MB
(86,000 Daltons), most troponin is released as a higher molecular weight (:omplex.16 The skeletal isotypes are
similar in molecular size, about 20,000 Daltons, and show amino acid sequence heterogeneity of about
40%.'""* The cardiac isotype also shows approximately 40% sequence heterogeneity concerning the skeletal
isotype and has 31 additional residues at the amino terminus. It is thus possible to differentiate cardiac troponin
immunologically from bone troponin.'” Before troponin, several cardiac biomarkers were used to identify
myocardial injury.’” In the 1960s and 1970s, biomarkers such as aspartate transaminase (AST), lactate
dehydrogenase (LDH), and creatinine kinase (CK) were used. However, they were later replaced due to a lack
of specificity for cardiac muscle. ' The next generation of biomarkers was more specific for cardiac muscle,
including CK-MB and LDH. However, these markers still had a very high false pO‘;ltl\-’e rate, necessitating the
development of new, more specific biomarkers.”’ Troponin was first identified in 1965, but a reliable
immunoassay to detect its levels in the blood was not developed until the late 1990s."” Troponin measurements
were found to have nearly 100% sensitivity when examined 6 to 12 hours after the onset of chest pain and have
significantly increased specificity for heart muscle damage compared with previous biomarkers.”' Because of
its clinical utility, serial troponin testing was added to the Fourth Universal Definition of Myocardial
Infarction, the current definition used by the American College of Cardiology.”

PATHOPHYSIOLOGY

Myocardial infarction is not always caused by total occlusion of the coronary arteries. Subtotal
obstruction accompanied by dynamic vasoconstriction can cause ischemia and necrosis of heart muscle tissue
(myocardium).** During this process, cell membranes rupture, causing intracellular contents to spill into the
extracellular space, which ultimately enters the bloodstream.'’ % If the cellular contents, including troponin, are
shed in large enough quantities, they can be detected in the blood circulation. Creatinine kinase-MB (CK-MB)
or troponin I/T is a marker of cardiac myocyte necrosis and is a marker for the diagnosis of myocardial
infarction. Troponin I/'T as a marker of cardiac necrosis has higher sensitivity and specificity than CK-MB.?

An increase in cardiac markers only indicates myocyte necrosis, but cannot be used to determine the
cause of myocyte necrosis (coronary/noncoronary causes). Troponin I/T can also increase due to non-coronary
cardiac disorders such as tachyarrhythmias, cardiac trauma, heart failure, left ventricular hypertrophy, and
myocarditis/pericarditis. Noncardiac conditions that can increase I/T troponin levels are sepsis, burns,
respiratory failure, acute neurological disease, pulmonary embolism, pulmonary hypertension, chemotherapy,
and renal insufficiency. Troponin T and troponin [ provide balanced information on the occurrence of myocyte
nep’rosis, except in cases of renal dysfunction. In this situation, troponin | has a higher specificity than troponin
T.2

Troponin levels usually begin to increase in circulation within two to three hours after the onset of chest
pain. The levels will continue to increase until they reach their peak generally between 12 and 48 hours.
Troponin levels will then fall to normal over the next four to ten days.”*** These expected troponm rises and
falls can help differentiate myocardial infarction from other causes of troponin elevation.”> The actual half-
lives of ¢Tnl and ¢TnT are short — about two hours in plasma. However, due to the continuous release of
troponin from necrotic myocardium, its half-life is 24 hours, with ¢ TnT being slightly longer.”®
Cardiac marker examination should be carried out in a central laboratory. Examinations in the emergency room
or cardiac intensive care unit (point of care testing) generally take the form of qualitative or semiquantitative
tests, which are faster (15-20 minutes) but less sensitive. Point-of-care testing as a routine diagnostic tool is
only recommended if the examination time at the central laboratory takes >1 hour. If cardiac markers using
point-of-care testing show negative results, the examination must be repeated at a central laboratory.”

TROPONIN TEST GENERATION

Determination of troponin in the blood is carried out through different immunochemical methods
(radioimmunoassay, enzyme immunoassay, immunofluorescence, and immune chemiluminescence). This
process includes several successive stages of immunology, chemistry, and detection. There has been a long-
standing need to create specific immunochemical tests to determine troponin | and troponin T to diagnose acute
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myocardial infarction. In 1987, Cummins reported the first method (first-generation immunoassay) to
determine troponin | I
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Figure 2 Evolution of troponin measurement assays from the 1980s to the 2020s, and the limits of detection (LoD) associated with
each assay generation.”

Second Generation of Tn tests have better detection rates than first-generation tests (~1.5 ng/mL).** An important
change was the introduction of direct enzyme-linked immunoassay (ELISA) technology as a replacement for radio-
isotope reading. Measurement of Tnl levels in serum is carried out using optical reading of visible light absorbance,
which not only avoids exposure to radioactive labeling but also provides higher sensitivity because the enzyme is able to
amplify the signal from minimal amounts of Tn antigen.”” In addition, several second-generation tests began using two
Tn-specific antibodies to increase specificity and sensitivity. A typical second-generation assay, using ELISA
technology, has a range of 0.2-20 pg/L and a within-run coefficient of variation of 4.7%. In an important improvement
over the first-generation test, the second-generation test can be performed within 30 minutes and shows no cross-
reactivity with skeletal muscle. A limitation of most second-generation TnT assays is that calibration is performed with a
TnT standard, which produces curves that are not always linear.”**" However, this limitation is addressed in third-
generation Tn assays, described below.

Continued advancements in detection technology, such as the Roche Elecsys 2010 immunology analyzer, have
significantly enhanced sensitivity compared to third-generation tests. Notably, this generation adopted human troponin
standards for calibration, resolving non-linearity issues associated with bovine troponin standards. Due to the increased
sensitivity, a study of 750 patients admitted to a coronary care unit revealed that an additional 35% of patients were
diagnosed with acute myocardial infarction.’® Additionally, because they are more sensitive, third-generation assays can
identify a subgroup of patients with mild myocardial injury, who were found to have an increased risk of future cardiac
events. The ability for mild Tn elevation to carry prognostic significance in subclinical disease will be a common feature
for the next generation of Tn assays.™

The fourth-generation assay has further improved the sensitivity of troponin measurements compared to the
third-generation. Many of these assays continue to employ the direct chemiluminescent technology introduced in the
second-generation tests. Notably, fourth-generation tests use at least two unique antibodies, and some even utilize three.
For instance, the ADVIA Centaur Tnl-Ultra assay incorporates one monoclonal antibody and two polyclonal antibodies
targeting the central region of Tnl, enhancing binding efficiency. Combined with a proprietary blocking reagent that
eliminates nonspecific binding, this technique achieves an assay range of 0.006-50 ng/mL, with a 99th percentile value of
0.04 ng/mL and a 10% coefficient of variation (CoV) of 0.02 ng/mL."" Another widely used fourth-generation assay, the
Roche ElecsysTnT Stat, employs direct sandwich immunoassay technology, incorporating streptavidin-coated
microparticles to enhance signal detection. This fourth-generation test offers an analytical sensitivity of 0.01 ng/mL, with
a concentration of 0.03 ng/mL yielding a 10% coefficient of variation (CoV).”

TROPONIN T
Troponin T (TnT) is a component of the contractile apparatus of striated muscles. Although the function of TnT
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is the same in all striated muscles, TnT originating exclusively from the myocardium (cardiac TnT, molecular weight
39.7 kDa) is clearly different from skeletal muscle TnT. As a result of its high tissue specificity, cardiac troponin T
(cTnT) is a highly sensitive cardio-specific marker for myocardial damage.**¢TnT increases approximately 3—4 hours
after acute myocardial infarction (AMI) and can persist for up to 2 weeks afterward.**° In contrast to ST-elevation
myocardial infarction (STEMI), the diagnosis of non-ST-elevation myocardial infarction (NSTEMI) relies heavily on
cardiac troponin results. Elevated ¢TnT levels correlate with the severity of coronary artery disease and poor outcomes
regardless of natriuretic peptide (BNP or NT-proBNP) levels.””*" Myocardial cell injury, leading to increased blood
c¢TnT concentrations, can also occur in various clinical conditions such as myocarditis, heart contusion, pulmonary
embolism, and drug-induced cardiotoxicity. Elevated troponin levels in renal failure are linked to increased
caMi0v4ai1cjular risk, with chronic ¢TnT elevations greater than 50 ng/L detected in over 50% of patients with severe renal
failure. "'

Troponin T is a cardiac protein found in striated muscle that functions as a specific regulator of muscle
contraction in cardiac muscle. There are three ways to measure plasma troponin T levels, namely by ELISA (Biotin -
Streptavidin principle), streptavidin-biotin technology has been effectively used to improve ELISA detection because of
the strong affinity between biotin and streptavidin having a dissociation constant (Kd) in the femtomolar range.*’
Combined antibodies with biotin, followed by a streptavidin-conjugated enzyme step. Alternatively, it is possible to use
an unlabeled primary antibody followed by an enzyme-coupled or biotinylated secondary antibody. If the secondary
antibody is biotinylated, then a tertiary step is required for detection. In this case, treatment with a streptavidin enzyme
conjugate is followed by a suitable substrate. Because biotin and streptavidin interact strongly, more analyte molecules
can be captured on the ELISA plate.*™**
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Figure 3 Normal mode and sandwich signal amplification mode of ELISA.*

The main advantage of sandwich ELISA is its high sensitivity. It is 2-5 times more sensitive than direct or
indirect ELISA. Sandwich ELISA also provides high specificity because two antibodies are used to detect the antigen.
This offers flexibility as both direct and indirect methods can be used. Sandwich ELISA also presents several
disadvantages, namely that if a standard ELISA kit or the antibody pair being tested is not available, antibody
optimization must be carried out as it is important to reduce cross-reactivity between the capture and detection antibody
pairs. Sandwich ELISA is well suited for the analysis of complex samples, as antigens do not need to be purified before
testing but still provide high sensitivity and specificity. The procedure for sandwich ELISA begins with coating the wells
of the ELISA plate with capture antibodies. Next, the analyte or sample is added, followed by the detection antibody.
Based on the detection principle and the use of enzyme-labeled capture antibodies, sandwich ELISA can be categorized
into threed?forms: direct sandwich ELISA, indirect sandwich ELISA, and sandwich ELISA with streptavidin-biotin
detection.

The next method is qualitative TnT examination using the TnT — RA Immuno Assay. In September 1994,
Boehringer Manheim released the troponin T Rapid Assay (TROPT®) test, which is a rapid immunological test based on
two specific monoclonal antibodies with different labels, one of which is labeled gold and the other is labeled
biotin.""TnT-RA was carried out using the Elisa dry chemistry method, based on the sandwich principle, and the results
were expressed qualitatively. After adding 150 pL. whole blood, the erythrocytes are absorbed by the glass fiber, while
the plasma with antibody-troponin T-complex flows into the detection zone. In this zone, the troponin sandwich complex
is concentrated on the streptavidin signal line by the affinity between streptavidin and biotin. The complex accumulation
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on these lines can be detected visually by the purple color of the gold particles. Excess gold-labeled antibodies bound to
the control line. This proves that the inspection went well. The results can be read 20 minutes after adding the blood
sample. There is a minimum threshold value for the detection of TnT using TnT-RA with a serum TnT level of 0.3
ng/mL. In this way, the examination can be carried out immediately, even "bedside" (beside the bed).****

e
Yy Q] = | =@ i
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N |

Figure 4 Test principle of TROPT® rapid test. MAB = monoclonal antibody™

Subsequently, Roche developed the troponin T point-of-care (POC) test based on the same principle as
TROPT®. This test involves the instrument's optical system detecting two lines and measuring the intensity of the signal
lines. The integrated software then converts the signal intensity into a quantitative result, displayed on the screen. The
results are expressed quantitatively in units of ng/mL for troponin T levels. Normal troponin T levels are considered to be
less than 50 ng/mL, values between 50-100 ng/mL are categorized as low, and values greater than 100 ng/mL indicate
possible acute myocardial infarction (IMA). This quantitative immunological test is used to detect cardiac troponin T in
heparinized venous blood, specifically designed for use with the Cobas H 232 instrument. It serves as an initial
diagnostic aid for acute myocardial infarction and helps identify patients with a high risk of mortality.”!

TROPONIN I

Troponin I is a component of cardiac and skeletal muscle proteins. It is part of the troponin protein complex,
where it binds to actin in thin myofilaments to hold the actin-tropomyosin complex in place. Troponin I prevents myosin
from binding to actin in relaxed muscles. After that, tropomyosin leaves the binding site for myosin on actin causing
muscle contraction. It is a useful marker in the laboratory diagnosis of heart attack. It occurs in different plasma
concentrations but the same circumstances as troponin T — both tests can be performed to confirm heart muscle damage
and laboratories usually offer one test or the other.”

Troponin 1 is a more commonly used diagnostic marker for myocardial infarction because it is specific to
myocardial tissue and has high sensitivity. In addition, it can detect the presence of small myocardial necrosis which is
not detected on electrocardiogram examination or by CK MB. Troponin I is very specific to cardiac muscle tissue
because it is not expressed by other tissues, is undetectable in healthy individuals, and shows an increase above normal
limits in patients with myocardial infarction. Troponin [ is the biological marker of choice according to the guidelines of
The Third Global Myocardial Infarction Task Force World Health Organization (WHO).**' Cardiac troponin I is
expressed in cardiac muscle tissue by a single isoform with a molecular weight of 23,876 Da and consists of 209 amino
acid residues. For more than 15 years, troponin I has been recognized in the literature as a reliable marker for cardiac
muscle tissue injury and is considered more sensitive and significantly more specific in the diagnosis of myocardial
infarction than CK MB.*

Troponin I is part of a three-subunit complex along with Troponin T and Troponin C. This complex, along with
tropomyosin, regulates the activity of calcium-sensitive ATPase actomyosin in striated skeletal and cardiac muscle.
Following a heart injury, Troponin I is released into the bloodstream within 4-6 hours after the onset of pain. Its pattern is
similar to CK-MB, but while CK-MB levels normalize after 72 hours, Troponin I remains elevated for 6-10 days,
providing a longer detection window for cardiac injury. The high specificity of ¢Tnl measurements for identifying
myocardial damage has been demonstrated in various conditions such as the perioperative period, post-marathon running,
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and blunt chest trauma. cTnl release has also been observed in cardiac conditions other than acute myocardial infarction
(AMI), such as unstable angina, congestive heart failure, and ischemic damage from coronary artery bypass surgery. Due
to its high specificity and sensitivity for myocardial tissue, Troponin I has recently become the preferred biomarker for
myocardial infarction.”®

The c¢Tnl One Step Troponin I (Whole Blood/Serum/Plasma) Test Kit is a simple test that uses a combination of
anti-cTnl antibody-coated particles and capture reagents to selectively detect ¢Tnl in whole blood, serum, or plasma. The
minimum detection level is 1.0 ng/mL. Cardiac troponin I (cTnl) levels begin to increase three hours after injury, peak
between 12-24 hours, and remain elevated for 5-7 da}rs‘ cTnl levels in the bloodstream rise with the initial injury and
decrease as the enzyme is cleared from circulation.*™*’ Troponin I can be examined using the Enzyme-Linked Immuno-
absorbent Assay (ELISA), Enzyme-Linked Fluorescent Assay (ELFA), Radioimmunoassay (RIA), Fluorescence
immunoassay and Immunochromatography (ICT). The samples used also vary, you can use serum samples, heparin
plasma, and Ethylene Diamine Tetra-Acetic (EDTA) or whole blood.*®

The One Step Troponin I (Whole Blood/Serum/Plasma) ¢Tnl Test Device is a qualitative membrane-based
immunoassay for detecting ¢Tnl in whole blood, serum, or plasma. The membrane is coated with a capture reagent on the
test line area of the test. During testing, whole blood, serum or plasma specimens react with particles coated with anti-
c¢Tnl antibodies. The mixture migrates up the membrane chromatographically by capillary action to react by capturing
reagents on the membrane and producing colored lines. The appearance of this colored line in the test line area indicates
a positive result, whereas if it does not appear it indicates a negative result. To serve a procedural control, a colored line
will always appear in the control line region indicating that the correct specimen volume has been added and membrane
wicking has occurred.™

In Indonesia, many qualitative ¢Tnl kits are circulating, but they cannot be used to follow the course of the
disease and stratify the risk of mortality. Recently introduced a quantitative ¢Tnl rapid test kit with serum material and a
small device. The fluorometric method for ¢Tnl is quite fast but requires a fluorometer, while quantitative cTnl
measurements using the enzyme immunoassay method require a long time. Due to variations in the sensitivity and
specificity of the ¢Tnl test, a separate study is needed.”

EXAMINATION OF THE HIGH-SENSITIVE CARDIAC TROPONIN (HS CTN) TEST

The role of cardiac troponin as a diagnostic biomarker of myocardial injury in the context of Acute Coronary
Syndrome (ACS) is well established. Since the first generation test, the development of the 5th generation high
sensitivity cardiac troponin (hs-cTn) test has marked significant progress and is now widely used.*” This change has
increased the sensitivity of the analysis, which is almost one-third of the previous value, from 0.010 pg/L (= 10 ng/L) to
0.003pg/L (=3 ng/L). For the hs-cTnT test, the 99th percentile value, obtained from a multicenter reference population,
yields a cut-off value of 14 pg/mL (=14 ng/L).*"** Use of the hs-cTn test is found at low levels even in plasma-healthy
subjects. The hs-cTn test can be found in 95% of the reference population. The ability to find ¢Tn in healthy people
requires determining the clinical limit value for ¢Tn levels, namely a "positive” ¢Tn result.*?

In some tests, ¢Tn is not found in 50% of individuals who do not appear sick, while in the hs-cTn test it can be
found in up to 90%. The joint European Society of Cardiology/American College of Cardiology Foundation/American
Heart Association/World Heart Federation (ESC/ACCF/AHA/WHF) seeks to clarify the universal boundaries of
myocardial infarction. The hs-cTn test detects early cTn release from the previous ¢Tn test, which increases the initial
sensitivity for diagnosing AMI. Because the frequency of detection is high and slightly higher than the hs-¢Tn value in
the community, especially in patients with cardiovascular comorbidities, it is important to know that an increase in hs-
¢Tn levels alone is not enough to diagnose AMI.*

According to current guidelines, the analytical coefficient of variation (CV) of a cardiac troponin test should be
<10% at the 99th percentile upper reference limit (URL) of a normal reference population.***> Additionally, the same
guidelines claim that a cardiac troponin test should measure analyte concentration above the limit of detection (LOD) in
>50% of the normal reference population. If cardiac troponin tests can meet these two requirements, they are called high-
sensitivity cardiac troponin T (hs-cTnT) and high-sensitivity cardiac troponin I (hs-cTnl) tests.*** For the diagnosis of
AMI, the clinician must consider the patient's clinical presentation, studies electrocardiogram, and imaging, as well as
cardiac troponin plasma concentrations. Especially in the emergency department (ED), physicians try to exclude AMI
quickly, and cgmpared with using the older cardiac troponin test, using the hs-¢TnT and hs-cTnl tests reduces the time to
rule out AMIL.
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Comparing high sensitivity cardiac troponin I (hs-cTnl) and high sensitivity cardiac troponin T (hs-cTnT) assays
can be challenging due to different reference ranges for the general population and varying assay-specific pre-analytic
and analytical variables. False positives and false negatives may arise from non-reproducible "flyers" or interference with
assay-specific native antibodies. Currently, the patented hs-¢TnT test is only available from Roche Diagnostics. In
contrast, six hs-cTnl assays (from Abbott, Beckman Coulter, BioMerieux, Pathfast, Siemens, and Singulex) are
commercially available. Of these, the Roche hs-cTnT assay (Elecsys platform) and the Abbott hs-cTnl assay (Architect
platform) have been extensively investigated in large diagnostic studies, including the successful derivation and
validation of the 0/1 hour and 0/2 hour algorithms.®*’

A recent study by Boeddinghaus et al. validating the Siemens hs-cTnl assay for early diagnosis of AMI and
comparing its performance with the Roche and Abbott assays is an important step forward to increase our knowledge of
commercially available hs-cTnl assays. Boeddinghaus et al. concluded, that the diagnostic accuracy and clinical utility of
the Siemens hs-cTnl assay were adequate and comparable to those of the Roche hs-cTnT and Abbott hs-cTnl assays.*™*’
The hs-cTnl assay (CLIA) is a high-sensitivity troponin I method with high precision, sensitivity, and high specificity.
The clinical diagnostic performance of hs-cTnl (CLIA) is comparable to the established ARCHITECT hs-cTnl assay.
The Mindray hs-cTnl (CLIA) assay is an attractive alternative for the diagnosis of myocardial infarction with high levels
of accuracy and safety.”

The Roche ElecsyseTnT-hs test (high sensitive troponin T assay) and the Roche ElecsyseTnT-hs STAT test
(Roche Diagnostics GmbH, Mannheim, Germany) can be used on the Roche Elecsys 2010 analyzer and the Cobas
Modular Analytics e series immunoassay analyzer, e4ll platforms. This assay is a quantitative, sandwich electro
chemiluminescence immunoassay (ECLIA) for serum and plasma samples. Results are available within 18 minutes with
the standard test and within 9 minutes if the STAT test is used. Both assay versions were able to detect ¢TnT in 61% of
the reference population and had a recommended 99th percentile cutoff of 14 ng/l, with a CV < 10%. Both versions of
the test are CE-marked and available for the NHS.*™

The Abbott ARCHITECT hs-cTnl STAT assay (Abbott Laboratories, Chicago, IL, USA) can be used using the
Abbott ARCHITECT i2000SR and i1000SR. The assay is a quantitative chemiluminescent micro particle immunoassay
(CMIA) for serum or plasma samples. Results are available within 16 minutes. The STAT ARCHITECT hs-cTnl assay
can detect ¢Tnl in 96% of the reference population, and has a recommended 99th percentile cutoff of 26.2 ng/l, with a
CV of 4%. The test is CE-marked and available on the NHS.™

The AccuTnl + 3 hs-cTnl assay is approved for use with the Beckman Coulter Access 2 and DxI devices. This
assay uses a quantitative two-site paramagnetic particle chemiluminescent sandwich immunoassay method for serum or
plasma samples. The AccuTnl+ 3 assay has a recommended 99th percentile limit of 40 ng/l, with a CV < 10%. Recently
a study reported data showing that the assay could detect ¢Tnl in 88% of the reference population when used on the
Access II analyzer and in 58% of the reference population when used on the DxI analyzer. The same study reported
differe)nces in the 99th percentile upper reference limits between the two analyzers (41 ng/l for Access II and 34 ng/l for
DxI).”

The hs-cTn I assay was performed using the ELFA measurement procedure on a Vidas 3 analyzer. Vidas
troponin [ is a quantitative test using a one-step immunoenzymatic sandwich method. Serum samples were transferred to
wells containing anti-hs-cTn I antibody (conjugate) labeled with alkaline phosphatase. This allows the formation of a
sandwich structure with troponin I, immunoglobulin, and conjugate bound to the inner wall of the solid phase. In the final
stage, the substrate is hydrolyzed by the conjugate enzyme to become a fluorescent product (4-methyl-umbelliferone).
The fluorescence intensity is proportional to the antigen concentration. The volume of serum required for analysis is 150
ul. Analysis time under 17 minutes.”

The PATHFAST POC hs-cTnl method uses a benchtop immunometric analyzer called PATHFAST™ (PHC
Europe B.V., Nijverheidsweg, Netherlands; distributed in Italy by GEPA, Bollate, Milano), which incorporates
chemiluminescence (CLEIA) technology for signal detection (alkaline phosphatase enzyme bound to anticTnl
monoclonal antibodies) and magnetic migration (called Magtration®) for separation of bound phases, using antibodies
tagged by magnetic particles. This instrument requires a volume of 100 mL of whole blood, plasma, or serum; Up to 6
samples can be analyzed simultaneously. PATHFAST TM provides high accuracy and precision of test results similar to
central laboratory analyzers, combined with the flexibility of a POCT test in 17 minutes.”

The Mindray High Sensitivity ¢Tnl (CLIA) is an immunoenzymatic assay designed to determine the
concentration of cardiac troponin I (c¢Tnl) in samples. This assay was specifically developed to assess the analytical
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performance of Mindray's new high-sensitivity cardiac chemiluminescent troponin I (hs-cTnl) immunoassay on the
Mindray CL-1200i chemiluminescence analyzer. The evaluation of this hs-cTnl immunoassay includes calculations of
the limit of blank (LOB), limit of detection (LOD), functional sensitivity, imprecision, linearity, and the 99th percentile
upper reference limit (URL), as well as a method comparison with Beckman. Our assessment of the new Mindray hs-
c¢Tnl immunoassay on the CL-1200i indicates that its overall analytical performance is comparable to other commercially
available ¢Tnl methods, making it a viable alternative to other methods.”

The Siemens Healthineers ADVIA Centaur TNIH test is a 3-site sandwich immunoassay using direct
chemiluminometric technology. The solid phase reagent is a magnetic latex particle conjugated to streptavidin with two
bound biotinylated capture monoclonal antibodies that each recognize a unique cTnl epitope. siemens-
healthineers.com/TNIH Lite reagent consists of a conjugate whose architecture consists of a proprietary acridinium ester
and a recombinant sheep c¢Tnl antihuman Fab covalently attached to bovine serum albumin (BSA) for chemiluminescent
detection. The accumulated light signal is directly related to the ¢Tnl concentration of the sample.”

The Siemens Healthineers ADVIA Centaur TNIH assay uses a recombinant ahu ¢Tnl antibody fragment attached
to a BSA carrier with multiple TSPAE (trisulfopropyl AE), to achieve low assay interference and signal amplification
(signal/binding event), respectively. The new TNIH assay provides an approximately 10-fold increase in low-end
precision and sensitivity in part due to the Acridinium Ester architecture and this new high-efficiency conjugate. The
ADVIA Centaur® High-Sensitivity Troponin I (TNIH) test is for in vitro diagnostic use in the quantitative measurement
of cardiac troponin I in human serum or plasma using the ADVIA Centaur® XP and ADVIA Centaur® XPT systems.
This test can be used to help diagnose acute myocardial infarction (AMI).™

CONCLUSION

The high incidence of cardiovascular disease in society highlights the need for biomarkers with excellent
specificity. Previous markers such as AST, LDH, and CK-MB had very high false positive rates, necessitating the
development of new, more specific biomarkers. Continuous advancements in cardiac biomarkers have led to the
development of high-sensitivity tests for cardiac troponin I and T, which offer both high sensitivity and specificity. The
use of these new generation high-sensitivity cardiac troponin (hs-cTn) tests is now recommended by international
guidelines as a primary tool for diagnosing myocardial infarction.

Despite their high cardiac specificity, these biomarkers are not exclusively specific to Acute Coronary Syndrome
(ACS), as many cardiac and even non-cardiac conditions can cause elevated hs-cTn levels. Nevertheless, the use of hs-
¢Tn for the rapid rule-out of ACS is considered safe and efficient. The point-of-care testing (POCT) method for hs-¢Tn
measurements should be considered in various clinical settings. However, it remains necessary to confirm the results
obtained with the hs-cTn POCT method using automated platforms in clinical laboratories.

Implementing the hs-cTnl POCT method requires not only thorough education of the personnel responsible for
biomarker measurements but also a careful evaluation of clinical issues that may arise during routine use. Special
attention must be given to pre-analytical and analytical phases due to the possibility of analytical interference and clinical
difficulties in interpreting results. Additionally, validated systems must be in place to ensure proper information systems
integration (e.g., connection with Laboratory Information Systems, LIS), quality control of procedures, and accurate
reporting of results.
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