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Abstract

Recent advances in emergency department (ED) assessment of suspected acute coronary syndrome
(ACS) have been driven by the use of high-sensitivity cardiac troponin (hs-cTn) assays, which allow
detection of myocardial injury at levels below the analytical detection limit of traditional cardiac
troponin assays, and facilitate rapid diagnostic pathways. The value of these is, however, not to be
judged based on the concentration of the biomarkers alone, but integrated with symptoms,
electrocardiography (ECG), time of presentation, assay-specific thresholds, and serial change. This
narrative review brings together literature provided by the authors regarding the evolution of hs-cTn
assays, single-sample vs serial testing, point-of-care testing, sex-related differences, chronic kidney
disease (CKD), hemodialysis, coronary CT angiography (CCTA), and risk stratification. We propose a
pragmatic conceptual model in which hs-cTn helps with the rule-out, rule-in and observation decision-
making process, but is not used as a standalone diagnosis of type 1 myocardial infarction (MI). Specific
focus is placed on analytical and clinical constraints such as non-ACS elevations, inter-assay non-
interchangeability, and uncertain generalizability of pathways to populations. Future directions
include, but are not limited to, personalized interpretations, evidence-based incorporation of
biomarker and anatomical imaging (with the support of artificial intelligence (AI) tools). Overall, it is
concluded that when used as part of a structured clinical pathway, hs-cTn enhances the efficiency and
sensitivity of diagnosis and should not be used in place of clinical reasoning or evidence of myocardial

ischemia.
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Background

Acute coronary syndrome (ACS) continues to be a leading cause of mortality and morbidity in the
world and encompasses clinical presentations related to acute myocardial ischemia, including
myocardial infarction (MI). Prompt and accurate diagnosis of ACS in the ED is critical — time-poor
diagnosis will mean time lost in treatment that could benefit from evidence-based therapies, and time-
to-overy diagnosis will mean unnecessary admission, investigation, and utilization of resources.
Clinical assessment and electrocardiography (ECG) are essential but may not rule in or out MI in all
patients, including those with non-diagnostic ECG findings and atypical presentations. Reliable cardiac
biomarkers are thus a crucial part of the contemporary diagnostic pathways. The biomarker concept of
myocardial injury has undergone significant changes. Aspartate aminotransferase (AST) was initially
used, followed by lactate dehydrogenase (LDH) and finally creatine kinase-MB (CK-MB). These
markers were restricted in their tissue distribution, poor specificity of cardiac distribution and failed to
consistently detect small injuries. Cardiac troponins (cTnT and cTnl) became the markers with higher
specificity for myocardial injury and came to be the basis of the diagnosis of MI. However, traditional
assays are less effective at detecting low levels of circulating factors early in the onset of symptoms,
which may require more time for them to be observed and long-term sampling. High-sensitivity
cardiac troponin assays (hs-cTn) were developed to increase analytical sensitivity and allow the
detection of low levels of cardiac troponin, thus facilitating the implementation of shorter and faster

algorithms for diagnosis [6,14,17].

Beyond a positive or negative value, the clinical use of hs-cTn goes beyond. Concentration at
presentation and change over time can provide information for diagnostic and prognostic assessment.
Low levels could be used to consider rule-out in select cases, and high levels are linked to myocardial
injury and poor cardiovascular risk. In patients with comorbidities, serial measurements can be useful
to differentiate an acute dynamic pattern from a persistently elevated baseline [2-4,16,19]. However,
hs-cTn is not specific for ACS or plaque rupture. Other possible complications of myocardial injury
with detectable or elevated troponin include myocarditis, heart failure, pulmonary embolism, sepsis,
arrhythmia, hypoxia, and renal dysfunction [11,19]. Biological and clinical differences modify
interpretation. In general, women tend to have lower reference concentrations than men and a single
threshold may lead to under-detection of MI in women; the clinical implications and application of
sex-specific thresholds will be assay- and context-specific [7,18]. Interpretation is complicated by the
presence of CKD and hemodialysis since chronic myocardial injury or dialysis-associated changes may

lead to either a persistent or fluctuating hs-cTn level [5,10,12].

Furthermore, both the hs-cTnT and hs-cTnl assays have varying analytical properties and decision
limits and cannot be used interchangeably [9]. The diagnostic framework thus necessitates the
separation of myocardial injury from MI. If the hs-cTn level is elevated, then there is myocardial injury,
but if the level is normal, then there is no clinical evidence of myocardial injury. A rise and/or fall
pattern helps to identify acuity but should be assessed with ischemic symptoms, ECG and other clinical

evidence. This is especially true for the ED, where the early presenter may not have had an increase in
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concentration, and the patient with a chronic disease may have a higher baseline concentration
[2,4,5,11]. Rapid pathways are now routinely available that include repeat testing at set intervals,
clinical risk assessment and ECG as well as hs-cTn at the start. Point-of-care (POC) hs-cTn can shorten
turnaround times and aid triage, and selected patients with intermediate risk, after initial assessment,
can benefit from the additional information provided by CCTA regarding coronary anatomy [1,8,15].
Neither technology should be applied as standalone: thresholds and quality control must be per assay;

patient selection is necessary and integration with validated local protocols is required.

In this context, this narrative review aims to explore the evolution of the use of hs-cTn in the ED
setting for suspected ACS, highlighting the use of accelerated testing, serial measurement, clinical
interpretation, patient-specific modifiers and the incorporation of POC testing, CCTA, risk scores and
novel Al strategies. It also addresses current debates and research agendas that could influence more

specific and fair diagnostics-based care.
Methodology

This article is a narrative review, and it is based on the reference list provided by the authors as a
primary evidence base. Included in the provided bibliography were 20 publications, all of which
involved original cohort studies, diagnostic accuracy studies, systematic reviews, meta-analyses, or
narrative reviews of the use of hs-cTn in the ED evaluation of patients with suspected ACS. The source
set was reviewed against the review objectives and organized into thematic domains: (1) Evolution and
analytical/clinical performance of hs-cTn; (2) single-sample and serial rule-out/rule-in strategies; (3)
POC hs-cTn; (4) Interpretation in sex, age, CKD, and hemodialysis contexts; (5) Myocardial injury
versus MI and non-ACS elevations; (6) CCTA and risk stratification; (7) Al, implementation and
knowledge gaps. The qualitative synthesis of evidence was conducted instead of quantitative. Results
were compared by study design and clinical focus, and included diagnostic sensitivity, negative

predictive value, pathway efficiency, interpretive limitations, and applicability to ED practice.

The references that have been given below have been numbered as per the bibliography of the original
paper. This is not a systematic review because no prospective protocol, comprehensive database search,
risk of bias assessment, or meta-analysis has been done. Therefore, the discussion is an interpretation
of the review and should be taken only as a narrative review of the literature that has been provided
and not a systematic review of the evidence. Numerical statements or assays provided by source papers
are only for the purpose of observation and cannot be taken as universal limits. Decision limits and
sampling intervals must be verified for the assay and clinical pathway. The bibliographic details in the

list provided below should be verified from publisher or indexed records.
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Discussion
Hs-cTn as a sensitive marker within the ACS diagnostic pathway

Hs-cTn improves the diagnosis of minor myocardial damage and allows an earlier classification of
patients with suspected ACS. Clinical performance is usually quantified in terms of sensitivity,
specificity, positive predictive value (PPV), and negative predictive value (NPV). NPV and sensitivity
are especially valuable for ruling out disease, although PPV and NPV are conditional upon prevalence
of the disease and the choice of the population. Therefore, a low level should not be seen as one of the
criteria in itself to exclude MI, but rather as [3,4,17].

This is one conceptual change: The simple single cutoff is replaced by the complex pathway. Stage 1
includes history, onset of symptoms, an ECG and a test for hs-cTn. Very minimally involved patients
may have a chance to be ruled out; the high-risk patients or those who show ischemia signs or features
should receive further investigations. See Figure 1. This conceptual approach is not a replacement for

locally validated assay specific algorithms.

ED presentation Initial assessment Interpret result

Chest pain / suspected ACS

Clinical history + ECG + hs-cTn

Assay-specific thresholds

Very low risk
Selected patients: rule-out

Intermediate / uncertain
Repeat hs-cTn at 1-3 h*

High risk / ischemic evidence
Urgent ACS evaluation

*Timing and decision limits depend on the validated assay and local pathway. Interpret with symptoms, ECG, risk and serial change.

Figure 1. Conceptual ED diagnostic pathway integrating clinical assessment, ECG, hs-cTn, and risk-
directed follow-up. The diagram is illustrative; thresholds and intervals must follow validated assay-

specific protocols.
Single-sample testing versus serial measurement

In some patients, one positive very-low hs-cTn test can contribute to early rule-out, particularly if the
onset of symptoms is distant and the clinical picture is reassuring. The studies on single-sample
strategies have focused on their ability to decrease observation and increase disposition [1,4]. A single
sample, however, may not be enough for early presenters or patients with persistent symptoms or

clinical risk. Central to the interpretation is the release kinetics of troponin and the time delay between
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the onset of symptoms and the blood sample collected. In serial sampling (usually carried out in a 0/1-
hour, 0/2-hour or 0/3-hour pathway depending on the assay and protocol) absolute concentration and
change are evaluated. A rapid increase and/or decrease is associated with acute myocardial damage
while a more gradual increase is associated with chronic myocardial damage. The changes and decision
limits vary by assay and cannot be extrapolated for any other platform [2,17]. The concept of dynamic

versus relatively stable trajectories is shown as a conceptual illustration in Figure 2.

Conceptual troponin trajectories: dynamic vs relatively stable pattern
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- Illustrative chronic injury (stable elevation)
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Conceptual illustration only—not patient data, assay cutoffs, or a validated diagnostic rule.

Figure 2. Conceptual comparison of dynamic acute injury and relatively stable chronic myocardial
injury trajectories. Curves are illustrative only and do not represent real patient data or diagnostic

cutoffs.
Myocardial injury is not synonymous with MI

One of the major limitations of hs-cTn is that it detects myocardial injury but not the mechanism of
injury. The acute myocardial injury plus clinical evidence of acute ischemia is a requirement for the
diagnosis of MI. Troponin can be raised in heart failure, myocarditis, cardiomyopathy, hypertensive
heart disease, pulmonary embolism, sepsis, stroke, anemia, hypoxia and shock, and arrhythmias. In
these contexts, injury might occur due to imbalance of supply and demand, hemodynamic stress, or
other mechanisms without the presence of acute coronary atherothrombosis [11,19]. This higher
analytical sensitivity translated into greater numbers of patients with injury being identified, and a
greater reliance on clinical interpretation. Positive biomarker should lead towards assessment of the
cause and not immediately to diagnosis of ACS. It is important to consider symptoms, ECG, the

hemodynamic status, and the course of hscTn, if available, alongside.
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Sex-associated differences and threshold selection

Circulating levels of hs-cTn are different in the two sexes, which may have implications for diagnostic
thresholds. Lower reference concentrations may be used for women and use of high-sensitivity assays
and sex-specific thresholds may detect further women with MI who may not otherwise have been
detected [7,18]. However, threshold selection can also be complicated — the value of implementation
is also dependent on the assay, the reference population, and the clinical response at the downstream
level. However, just increasing detection does not lead to better outcomes, unless diagnosis is followed

by appropriate investigation, treatment and secondary prevention.
CKD, hemodialysis, and age-related interpretation

The main difficulty with this population is that the level of hs-cTn can be chronically elevated,
suggesting chronic myocardial injury and coexisting cardiac structural disease. It can be caused by
decreased renal function, inflammation, anemia, hypertension, ventricular hypertrophy and vascular
disease. The one elevated level is therefore not as specific for acute MI and serial levels, symptoms,

ECG and overall clinical picture become essential [5,12,19].

Timing and modality of hemodialysis may also impact measured hs-cTn. Dialysis should not take place
at an arbitrary time of the day, and the concentration should not be taken as a stable baseline [10].
Older age is also often associated with cardiovascular disease and chronic injury; and should be taken
into consideration in the clinical context but should not be used to negate raised results and should not
be used to set and accept higher reference levels that are not validated. In these populations, an absolute

concentration and a dynamic change is more convenient than individual threshold reasoning.
POC hs-cTn: speed, performance, and implementation

POC hs-cTn could reduce the time from sample collection to results, which may positively impact ED
flow and prompt decision making. Selected POC platforms appear to have good diagnostic performance
but analytical sensitivity, precision around low concentrations, cutoffs, type and quality of specimens
tested and quality-control requirements vary [1,15]. All of this should be integrated into a clinical
pathway that is governed by the operator's training, calibration, quality assurance, and clear escalation
policy and should be called POC testing. A quick result is of little value if it is not analytically valid

and clinically interpreted.
CCTA and clinical risk stratification

The biochemical evidence of myocardial injury is provided by Hs-cTn, while the coronary anatomy
(presence of plaques and stenosis) is assessed by CCTA. In some patients with a moderate risk initial
ECG and hs-cTn, the modalities can be used alongside each other. There is no absolute indication for
CCTA in all patients who have been safely excluded by a validated pathway, it should be considered in
the context of radiation exposure, contrast use, renal status, coronary calcium, heart rate, availability,
and local experience [8]. The HEART score and EDACS are risk scores that may be used to give extra

clinical context since they incorporate variables that are not detected by troponin. Risk stratification
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should be used to complement, not replace, clinical judgment. Patients with low risk can be discharged
as per an appropriate pathway, patients with intermediate risk should have repeat hs-cTn and imaging
should be considered, patients with high risk should receive prompt evaluation and management.
Implementation studies highlight the importance of pathways being adopted into the context of the

real-world care system for their performance and their effectiveness [16].
Al individualized interpretation, and future directions

AI and machine-learning algorithms could be used to integrate hscTn concentrations and deltas with
ECG findings, time of symptoms, age, gender, renal function, previous coronary disease and clinical
risk factors to calculate individual risks for MI. These could go beyond dichotomous threshold
biomarkers. But models need external validation, transparent reporting, calibration and subgroup bias
assessment and prospective clinical outcome assessment. Reduced missed MI, avoidable admissions, ED
LOS and cost are unknown if an Al-supported pathway is implemented based on diagnostic
discrimination alone. Personalized thresholds, which include sex, age, renal function and baseline
cardiovascular status, are also being actively investigated. A future strategy that is likely to be practical
will involve using validated algorithms, dependent on the specific assay, and patient context, in
addition to selective anatomical imaging. Harmonization between platforms, robust evidence in CKD
and dialysis, safety of early presenters, equity across demographic groups, POC implementation,

prospective evaluation of patient-centered outcomes are priority areas.
Knowledge gaps and controversies

There are several questions that remain unanswered: What is the best balance between ease of testing
with a single sample and safety of serial testing? Do sex-specific thresholds consistently yield better
clinical results? How to optimize interpretation in CKD and dialysis patients? How to compare different
assays of hs-cTnl with different assays of hs-cTnT? What intermediate-risk patients are best suited for
CCTA? And does adding Al to existing pathways result in better outcomes? Another consideration is
generalizability, the performance of the pathway can change as disease prevalence changes, population
characteristics change, assays are made available, or healthcare systems change and it is important to
keep these factors in mind [5,7,8,9,15-19]. The evidence presented for this review has varied design,
population, and the narrative approach does not allow for formal quantitative comparison. Moreover,
numerical thresholds and sampling points are to be considered pathway specific. All this all but

confirms the necessity of taking precautions when synthesizing and validating locally.
Conclusion

The high-sensitivity cardiac troponin test revolutionized our approach to diagnosing possible ACS in
the emergency department through the detection of myocardial injury and the ability for rapid rule-
out and rule-in protocols. The most useful information can be derived from interpretation of the test
in the context of the symptom presentation, the ECG findings and the patient's clinical risk. hs-cTn is
a marker for myocardial injury and not specific for MI on its own. There is a need to understand the

difference between acute injury, chronic injury, and ischemic infarction. A one-sample method can be
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used to hasten disposition among suitable candidates, while serial sampling can be used among acute

presenters, indeterminate results, persistently concerning patients, and CKD patients, among others.

POCT could enhance turn-around times, and CCTA could provide additional complementary anatomic
details for certain intermediate-risk patients. Differences related to sex, kidney disease, hemodialysis,

age, and specific assay-related issues demand personalized but evidence-based evaluation.

The future of further advancements relies on assay-specific validated algorithms, correct use of
technology, more harmonization, and prospective evaluation of novel personalized medicine and Al-
based approaches. Ultimately, hs-cTn needs to be regarded as a potent element of comprehensive

clinical decision-making process, not a standalone diagnostic end point.

Table 1. Overview of hs-cTn strategies in ED evaluation of suspected ACS

Important limitations /

Strategy Main clinical role Strengths )
cautions
Early symptom onset,
Potentially rapid ongoing symptoms, or
Single-sample hs- Rule-out in carefully | o y rap EOLIE Y- P )
. disposition; fewer non-low clinical risk
cTn selected patients . .
repeat samples [1,4] | may require serial
testing
) ) Supports assessment | Timing and delta
Serial hs-cTn (e.g., Assess concentration ] o
. of acute vs chronic criteria are assay- and
0/1, 0/2, 0/3 h) and dynamic change | . o
injury [2,17] pathway-specific
Platform variation;
. ) Can reduce i
Rapid bedside result . quality control,
POC hs-cTn ) turnaround time o o
and triage training, and validation

[1,15] .
required

o . . Adds history and risk | Score performance may
hs-cTn plus clinical | Risk-directed

. . . variables beyond vary by population and
risk score disposition ] )
biomarker [16] care setting
) ) . Radiation, contrast,
Intermediate-risk Provides coronary .
hs-cTn plus i ] renal function,
] anatomical plaque/stenosis o
selective CCTA ] ] calcification,
assessment information [8] o
availability
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Table 2. Clinical factors that influence hs-cTn interpretation

Factor / context

Potential influence

Interpretive approach

Early presentation after

symptom onset

Troponin may not yet have

risen

Consider serial testing and

symptom timing [2,4,17]

Baseline hs-cTn may be

Use clinical context, ECG,

CKD . serial change; avoid diagnosing
chronically elevated
MI from one value [5,12]
L Concentration may vary Document timing and interpret
Hemodialysis

with dialysis timing

serial values cautiously [10]

Sex-associated differences

Reference concentrations

may differ

Consider validated assay-
specific sex thresholds and

clinical context [7,18]

Older age / comorbidity

Chronic injury and baseline

elevation more frequent

Avoid dismissing elevations;
assess trajectory and ischemic

evidence

Non-ACS illness (e.g., sepsis,
PE, HF, myocarditis)

Myocardial injury may
occur without type 1 MI

Evaluate cause of injury and

evidence of ischemia [11,19]

hs-cTnl versus hs-cTnT

platform

Analytical characteristics
and thresholds differ

Do not interchange numeric

values or cutoffs [9]

Table 3. Complementary tools and future directions

Tool / development

Contribution

Key considerations

ECG and clinical assessment

Evidence of ischemia; clinical

Essential context for biomarker

probability interpretation
HEART / EDACS risk . ) Use within validated local
Structured risk estimate
assessment protocols
) Select for patients likely to
Coronary anatomical i
CCTA benefit; consider contrast and

information

radiation [8]

AI/ machine learning

Multivariable individualized

risk estimation

External validation, transparency,
calibration, subgroup bias,

outcome evidence

Personalized thresholds

Potentially account for sex,
age, renal function, baseline

risk

Evidence and standardization

remain incomplete

POC pathway optimization

Faster turnaround and triage

Quality assurance and platform-

specific validation [15]
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