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Chest Pain in the Emergency Department: A Critical Narrative Review of Diagnostic Strategies, Risk Stratification and Unresolved Evidence Gaps
[bookmark: abstract]Abstract
Chest pain remains one of the most frequent reasons for attendance at emergency departments worldwide, and the diagnostic task it presents is unusually asymmetric: a small proportion of patients harbour an immediately life-threatening condition, while the majority have benign or self-limiting causes that nonetheless consume substantial diagnostic resources. The past decade has transformed the evidence base. High-sensitivity cardiac troponin assays, rapid serial-sampling algorithms, structured clinical decision pathways, early coronary computed tomography angiography and, more recently, machine-learning decision support have all been evaluated in large cohorts and randomised trials. This critical narrative review examines how far that transformation has improved patient-relevant outcomes rather than diagnostic process measures alone. Literature was identified through structured searching of a biomedical bibliographic index and a scholarly metadata registry, with citation-based supplementation, and appraised for design adequacy, spectrum representativeness, outcome definition and reproducibility. The synthesis identifies a consistent pattern: analytical and diagnostic performance has improved markedly, yet randomised evidence repeatedly shows neutral effects on death and recurrent infarction, and a persistent gap separates rule-out efficiency from therapeutic benefit. Performance of validated algorithms degrades in renal impairment, older age, very early presentation and among women assessed against undifferentiated thresholds. Structured pathways demonstrate favourable safety in observational validation but heterogeneous adherence in practice, and the definition of an acceptable missed-event threshold remains a value judgement rather than an empirical finding. Conditions outside the acute coronary syndrome framework, including acute aortic syndromes, pulmonary embolism, myocardial infarction with non-obstructive coronary arteries and non-cardiac causes, remain comparatively neglected in pathway design and in follow-up provision. Equity gaps in triage, testing and treatment persist across sex, ethnicity, language and health-system context. Priority research needs include outcome-anchored trials of rule-out strategies, prospective evaluation of computational decision support in routine practice, and evidence generation in settings where troponin testing and advanced imaging are not universally available.
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[bookmark: introduction]1. Introduction
Acute chest pain occupies a distinctive position in emergency medicine. It is simultaneously among the most common presenting complaints and among the most consequential to misclassify, because the differential diagnosis spans conditions that require intervention within minutes and conditions that require reassurance and discharge. Ischaemic heart disease remains the single largest contributor to global mortality, and its acute manifestations frequently present first to emergency services rather than to cardiology (GBD 2021 Causes of Death Collaborators, 2024). The resulting clinical problem is not simply the detection of myocardial infarction but the efficient and safe separation of a small high-risk group from a much larger low-risk group, under time pressure and with incomplete information.
The conceptual framework used to approach this task has changed substantially. The Fourth Universal Definition of Myocardial Infarction reoriented diagnosis around the detection of myocardial injury, defined by a cardiac troponin concentration above the sex-specific ninety-ninth percentile upper reference limit, and then required evidence of ischaemia to distinguish infarction from injury of other origin (Thygesen et al., 2018). That definitional shift interacted with an analytical one. High-sensitivity cardiac troponin assays, capable of quantifying concentrations in most healthy individuals, permitted diagnostic decisions within one to two hours of arrival rather than six to twelve, and made the observation of small serial changes clinically interpretable (Sandoval et al., 2022). Contemporary guidance from both North American and European bodies now recommends serial high-sensitivity troponin measurement embedded within a structured clinical pathway as the default approach to suspected acute coronary syndrome (Byrne et al., 2023; Gulati et al., 2021).
Recent implementation evidence adds an operational qualification: multicentre real-world data associate high-sensitivity cardiac troponin implementation with shorter hospital stay, fewer admissions and lower use of several downstream cardiac tests, whereas a pragmatic randomised comparison found that shortening the troponin sampling interval alone did not increase early discharge when laboratory turnaround and wider system constraints remained (Hatherley et al., 2026; Martin et al., 2025).
Historical context clarifies why these developments were pursued so vigorously. Before rapid biomarker strategies, approximately two per cent of patients with acute myocardial infarction and a comparable proportion with unstable angina were inadvertently discharged from emergency departments, and those patients experienced substantially higher risk-adjusted mortality than admitted counterparts (Pope et al., 2000). That finding shaped a generation of practice, encouraging prolonged observation, liberal admission and extensive provocative testing. The costs of this defensive posture were rarely measured with the same rigour as the harms of missed diagnosis, and the asymmetry persists in the design of much subsequent research.
Three tensions now dominate the field. The first concerns the relationship between diagnostic performance and clinical benefit. Improvements in analytical sensitivity reliably identify more patients with myocardial injury, but the largest randomised implementation studies have not demonstrated corresponding reductions in subsequent infarction or death (Lee et al., 2023; Shah et al., 2018). The second concerns generalisability. Algorithms derived and validated in well-characterised prospective cohorts perform less consistently in patients with renal impairment, in older patients with multimorbidity, in those presenting very early after symptom onset, and in women evaluated against thresholds derived from mixed populations (Gallacher et al., 2022; Lee et al., 2019). The third concerns scope. Diagnostic pathways are constructed around type 1 myocardial infarction, yet emergency departments must also identify acute aortic syndromes and pulmonary embolism, must interpret troponin elevation arising from supply–demand imbalance, and must manage the substantial group whose chest pain is not cardiac in origin (Bularga et al., 2022; Frieling, 2018; Nazerian et al., 2018).
Recent trial-based analysis also found that high-sensitivity cardiac troponin risk stratification reduced length of stay and increased emergency-department discharge in both low- and intermediate-risk groups, while large-scale observational data identified demographic variation in electrocardiographic and troponin testing, reinforcing the need to examine efficiency and equity as distinct dimensions of implementation (Gottlieb et al., 2025; Li et al., 2025).
Existing reviews address components of this landscape competently but rarely address the tensions together. Biomarker-focused syntheses evaluate assay performance and algorithm accuracy in depth while treating implementation and equity as peripheral (Jaffe et al., 2023; Westwood, Armstrong, et al., 2021). Guideline documents necessarily prioritise recommendation formulation over critical appraisal of the underlying inconsistencies (Byrne et al., 2023; Gulati et al., 2021). Concise clinical overviews summarise current practice usefully but without extended methodological interrogation (Bellolio et al., 2025). Meanwhile, machine-learning decision support and artificial-intelligence electrocardiogram interpretation have advanced rapidly enough that syntheses published before 2024 no longer describe the state of the field (Boeddinghaus et al., 2024; Gustafsson et al., 2026).
[bookmark: scope-research-gap-and-objectives]1.1 Scope, Research Gap and Objectives
This review addresses the adult patient presenting to a hospital emergency department with acute non-traumatic chest pain or an equivalent symptom, from the moment of arrival to the point of admission or discharge, together with the short-term follow-up period during which the consequences of that decision become apparent. Attention is directed at diagnostic strategy, risk stratification and decision architecture rather than at definitive treatment of established acute coronary syndrome, which is governed by a separate and mature evidence base. Paediatric presentations, traumatic chest injury, out-of-hospital cardiac arrest, in-patient chest pain and stable angina evaluated in outpatient settings are excluded, as is detailed discussion of revascularisation technique and antithrombotic pharmacotherapy.
The gap addressed is specific. Diagnostic accuracy for myocardial infarction has been characterised extensively, but the evidence linking improved accuracy to improved patient outcomes is weaker, more heterogeneous and less frequently interrogated than the accuracy literature itself. No recent synthesis has examined that disjunction alongside the parallel questions of subgroup validity, non-coronary diagnoses, equity of application and the readiness of computational decision support for routine use.
The objectives are therefore to evaluate the strength and consistency of evidence supporting current rule-out strategies; to compare structured decision pathways critically, including the empirical basis for the risk thresholds they encode; to assess how the evidence performs in populations where it is weakest; to examine the diagnoses that pathway-centred practice systematically underweights; to appraise the methodological quality of emerging computational approaches; and to derive prioritised research directions that would materially alter practice. The review does not attempt exhaustive coverage of every cause of chest pain, does not evaluate cost-effectiveness in a formal economic sense, and does not offer recommendations that exceed the strength of the evidence available.
[bookmark: methods-for-literature-selection]2. Methods for Literature Selection
[bookmark: review-design-and-rationale]2.1 Review Design and Rationale
A critical narrative design was selected because the review question is interpretive rather than estimative. The literature spans diagnostic accuracy studies, implementation trials, prognostic cohort analyses, qualitative work on disparities and methodological commentary on prediction-model development. These designs cannot be pooled meaningfully, and the central questions concern how bodies of evidence relate to one another rather than what a summary effect estimate would be. A systematic review with meta-analysis would have imposed a common metric on incommensurable outcomes, while a scoping review would have mapped breadth without adjudicating quality. Narrative synthesis nonetheless carries a documented risk of selective citation, and the criteria articulated for narrative review quality were applied throughout, specifically the requirements for explicit justification of importance, statement of a concrete aim, description of literature searching, referencing of the strongest available evidence, and appropriate presentation of data (Baethge et al., 2019). Adopting a narrative structure was not treated as licence to omit appraisal; each substantive claim was traced to identifiable sources and each source was assessed against design-appropriate criteria.
[bookmark: information-sources]2.2 Information Sources
Two sources were searched directly during preparation of this review. The first was the PubMed interface to MEDLINE, queried programmatically through the National Center for Biotechnology Information Entrez utilities, which supplied the primary body of clinical and diagnostic literature. The second was Crossref Metadata Search, used both for supplementary retrieval and for verification of bibliographic metadata and digital object identifiers. No subscription-restricted citation index was accessible during preparation, and no search of such a resource is claimed. Retrieval was supplemented by backward citation examination of guideline documents, consensus statements and recent syntheses, and by targeted searching for named studies identified within those reference lists.
[bookmark: search-strategy-and-search-period]2.3 Search Strategy and Search Period
Search concepts were constructed around five axes: the presenting problem and care setting; diagnostic biomarkers and their analytical properties; decision aids, algorithms and pathways; competing life-threatening and non-cardiac diagnoses; and outcome, equity and implementation terms. Concepts were combined with Boolean operators, with free-text synonyms used alongside indexing terms. Representative formulations included the following. For the core diagnostic question: (“chest pain” OR “acute coronary syndrome” OR “myocardial infarction”) AND (“emergency department” OR “emergency service” OR prehospital) AND (“high-sensitivity” AND troponin) AND (“rule-out” OR algorithm OR “diagnostic accuracy”). For decision architecture: (“HEART score” OR EDACS OR “accelerated diagnostic protocol” OR “clinical decision rule” OR “decision aid”) AND (“chest pain” OR “acute coronary syndrome”) AND (validation OR implementation OR “randomised controlled trial”). For competing diagnoses: (“aortic dissection” OR “acute aortic syndrome” OR “pulmonary embolism” OR MINOCA OR “non-cardiac chest pain”) AND (“emergency department” OR “diagnostic strategy”). For equity, implementation and outcome: (“chest pain” OR “acute coronary syndrome”) AND (disparities OR sex OR gender OR ethnicity OR “low-income countries” OR crowding OR adherence). Searches covered publications from 1 January 2000 to 10 June 2026. The lower boundary was chosen because it coincides with publication of the multicentre analysis that established the contemporary framing of missed acute cardiac ischaemia and with the beginning of the troponin-centred diagnostic era; foundational earlier work was admitted where necessary to explain conceptual development.
[bookmark: eligibility-criteria]2.4 Eligibility Criteria
Eligible sources comprised peer-reviewed original research, meta-analyses and quantitative syntheses, methodological and consensus statements from recognised professional organisations, and clinical practice guidelines. Studies were required to address adults presenting acutely with chest pain or suspected acute coronary syndrome, or to address a diagnostic technology, algorithm or organisational strategy applied to that population. Publications were excluded when they addressed exclusively in-patient or ambulatory populations, when the diagnostic reference standard was undefined, when reporting was insufficient to judge spectrum or outcome ascertainment, when the work appeared in outlets without evident peer review, and when bibliographic identity could not be confirmed. Language was restricted to English. Preprints were not used. Conference abstracts were not used as primary evidence.
[bookmark: X7d2e9d0ecae87711c8cd031b02724f1a8226a19]2.5 Screening, Duplicate Handling and Study Selection
Records retrieved from each source were screened by title and abstract against the eligibility criteria, and candidate records were assessed in full where the record content or accessible full text permitted. Duplicates arising between the bibliographic index and the metadata registry were resolved by digital object identifier, with title and first-author matching applied where an identifier was absent. Where the same guideline or statement had been co-published across multiple journals, a single version was retained. Screening was conducted without documented counts at each stage, and none are reported, because the selection process was purposive rather than exhaustive; presenting a flow diagram would misrepresent the method. Sources that could not be verified bibliographically, or whose full text was inaccessible in a form permitting assessment of the claim for which they would be cited, were not used.
[bookmark: Xc28834b6ce4066e280aa110dcd5d5fe36acafe5]2.6 Critical Appraisal and Evidence Synthesis
Appraisal criteria were matched to design. Diagnostic accuracy studies were assessed for consecutive or unselected recruitment, blinding of index-test and reference-standard interpretation, adjudication procedure, handling of indeterminate results and spectrum representativeness. Randomised trials were assessed for allocation concealment, outcome definition, adequacy of power for clinical rather than process endpoints, and the extent to which stepped-wedge or cluster designs introduced temporal confounding. Prognostic and prediction-model studies were assessed for sample size relative to event number, internal and external validation, calibration reporting rather than discrimination alone, and transparency sufficient to permit independent implementation. Formal risk-of-bias instruments were not applied and no numerical bias scores are reported, since the heterogeneity of designs and the reliance on published summaries would have made such scoring unreliable.
Themes were developed inductively from recurring points of disagreement in the literature rather than imposed in advance. Where findings conflicted, explanations were sought in population spectrum, assay and threshold selection, outcome definition, adjudication method and follow-up duration before differences were attributed to true effect heterogeneity. Convergent findings were distinguished from findings resting on a single cohort or a single research group, and the strength of each conclusion was calibrated accordingly.
The five concept blocks did not yield comparable volumes of literature. Biomarker and pathway searches returned an abundance of eligible studies, whereas the equity and implementation block produced sparse results, an imbalance that reflects the distribution of research effort in the field and is revisited in Section 8.
[bookmark: X642e7ceb05da556901bc0d60f4dc724e2b08b51]3. The Diagnostic Problem: Case Mix, Prior Probability and the Asymmetry of Error
[bookmark: X0b9ce132208b5df9525728a04c20aad056ea96a]3.1 Case mix and the arithmetic of low prevalence
The defining feature of undifferentiated chest pain in emergency care is that the conditions clinicians most fear are uncommon relative to the population tested. Across contemporary prospective cohorts assembled for the evaluation of rapid diagnostic algorithms, the proportion of patients ultimately adjudicated as having myocardial infarction typically falls well below one in five, and the majority of attendances resolve without a cardiac diagnosis (Chapman et al., 2017; Greenslade et al., 2018). This arithmetic governs everything that follows. At low prevalence, even a highly specific test generates false-positive results that outnumber true positives in absolute terms, while a test with imperfect sensitivity produces few but consequential false negatives. The clinical response to that asymmetry has been to prioritise sensitivity almost absolutely, accepting substantial testing of patients who will prove not to have the target condition.
The consequences of that choice have been quantified in a way that complicates the traditional defensive posture. Among patients admitted for observation with a non-ischaemic electrocardiogram and negative initial biomarkers, the incidence of clinically relevant adverse cardiac events during admission proved to be well below one per thousand, an estimate that raised legitimate questions about the marginal yield of in-patient observation for the lowest-risk group (Weinstock et al., 2015). That analysis was retrospective and confined to a limited number of institutions, and its event definition deliberately excluded events unlikely to be modified by admission, so it should not be read as establishing the safety of discharge in all comparable patients. It nonetheless reframed the question from whether missed events occur to how many patients must be admitted to prevent one, a formulation that the earlier literature seldom adopted.
The countervailing evidence retains force. The demonstration that approximately two per cent of patients with acute myocardial infarction were discharged from emergency departments, with roughly double the adjusted short-term mortality of those admitted, established that the harm of premature discharge is real and concentrated in identifiable groups, including younger patients, women and those with non-diagnostic electrocardiographic findings (Pope et al., 2000). That study predates high-sensitivity assays and structured pathways, and its absolute miss rate should not be extrapolated to contemporary practice. Its structural insight, that misclassification clusters in patients whose presentation deviates from the expected pattern, has been repeatedly confirmed and remains the strongest argument against reliance on clinical impression alone.
[bookmark: Xcd2dc3ff345cd8f9824b104dc0b7fe6382b5c17]3.2 Symptom characterisation and its diagnostic limits
Historical teaching organised chest pain assessment around the distinction between typical and atypical presentation. Contemporary guidance has explicitly discouraged that terminology on the grounds that it is imprecise, that it has been applied inconsistently, and that it has contributed to the systematic underestimation of risk in women and in patients from minoritised groups (Gulati et al., 2021). The recommended alternative, describing pain as cardiac, possibly cardiac or non-cardiac, is a modest linguistic reform whose effect on decision-making has not been evaluated in controlled conditions, and the older vocabulary persists in practice and in the training literature.
Empirical work on symptom presentation supports the reform in substance if not in demonstrated effect. When myocardial infarction was diagnosed using sex-specific troponin thresholds, chest pain remained the dominant presenting symptom in both men and women, and the widely repeated claim that women characteristically present without chest pain was not supported; differences in accompanying symptoms were present but modest, and were insufficient to justify separate diagnostic heuristics (Ferry et al., 2019). This finding matters because the belief in categorically different presentation may itself contribute to diagnostic delay, by encouraging clinicians to await a distinctive pattern that does not reliably occur. The study was conducted within a single national health system with adjudicated outcomes, which strengthens internal validity while limiting extrapolation to settings with different care-seeking behaviour and different thresholds for attendance.
The broader limitation is that no individual symptom characteristic, and no combination of characteristics used alone, achieves the sensitivity required for safe discharge. Symptom features contribute to the pre-test probability that decision aids incorporate, but their independent contribution beyond electrocardiographic and biomarker information is modest, and their reproducibility between assessors is imperfect. Reviews of clinical practice consistently conclude that history alone cannot exclude acute coronary syndrome and that its principal value lies in identifying features that raise suspicion of alternative life-threatening diagnoses (Bellolio et al., 2025).
[bookmark: the-electrocardiogram-as-a-first-filter]3.3 The electrocardiogram as a first filter
The twelve-lead electrocardiogram remains the only investigation capable of identifying, within minutes, the subgroup requiring immediate reperfusion, and its early acquisition is a universal recommendation (Byrne et al., 2023). Its limitations are equally well established. A substantial proportion of patients with acute coronary occlusion do not display ST-segment elevation meeting conventional criteria, and the resulting delay to angiography is associated with larger infarct size. Interobserver agreement for subtler ischaemic patterns is moderate at best, and the electrocardiogram’s specificity is degraded by conduction abnormality, ventricular hypertrophy, pacing and prior infarction.
This gap has motivated computational approaches. A deep learning model trained on large electrocardiographic datasets has been reported to identify and localise occlusion myocardial infarction with performance exceeding conventional criteria, suggesting that information relevant to coronary occlusion is present in the tracing but not captured by rules designed for human interpretation (Gustafsson et al., 2026). The evidence remains at the stage of retrospective model evaluation, with angiographic or adjudicated reference standards applied to selected populations, and no randomised evaluation of the effect of such models on time to reperfusion or on infarct size has been reported. The distinction between demonstrating that a signal exists and demonstrating that acting on it improves outcomes is discussed further in Section 9.
Several conceptual distinctions recur throughout the remainder of this review and are frequently conflated in the clinical and research literature, with consequences for how evidence is interpreted. Table 1 sets out these distinctions and identifies the sources that define them. The most consequential is the separation of myocardial injury from myocardial infarction, since the introduction of high-sensitivity assays increased detection of the former far more than the latter, and much of the apparent expansion of the acute coronary syndrome population reflects reclassification rather than a change in disease incidence.
Table 1. Conceptual distinctions underpinning the evaluation of acute chest pain, with defining sources
	Distinction
	Definition adopted
	Why the distinction matters
	Supporting references

	Myocardial injury vs myocardial infarction
	Injury: cardiac troponin above the sex-specific 99th percentile URL. Infarction: injury with clinical evidence of acute myocardial ischaemia
	High-sensitivity assays detect injury far more often than they detect infarction; conflation inflates apparent ACS incidence
	Thygesen et al. (2018); Sandoval & Thygesen (2017)

	Type 1 vs type 2 myocardial infarction
	Type 1: atherothrombotic plaque disruption. Type 2: ischaemia from oxygen supply–demand imbalance without acute atherothrombosis
	Therapeutic implications differ substantially; trial populations rarely reflect the type 2 group despite its prognostic burden
	Bularga et al. (2022); Chapman et al. (2018); Thygesen et al. (2018)

	Rule-out vs risk stratification
	Rule-out: exclusion of prevalent infarction at presentation. Risk stratification: prediction of events over a defined horizon
	Strategies validated for one purpose are routinely applied to the other; negative predictive value and prognostic accuracy are not interchangeable
	Chapman et al. (2017); O’Rielly et al. (2023)

	Analytical vs clinical decision threshold
	Analytical: limit of detection or quantitation of the assay. Clinical: concentration at which action changes
	Single-sample rule-out relies on analytical performance at very low concentrations that varies between assays and laboratories
	Jaffe et al. (2023); Pickering et al. (2017)

	Obstructive vs non-obstructive ischaemic syndromes
	MINOCA: infarction without obstructive epicardial disease. INOCA: ischaemia without obstructive disease and without infarction
	Both are excluded by design from most rule-out pathway validation, yet both generate recurrent presentations
	Kunadian et al. (2020); Tamis-Holland et al. (2019)

	Diagnostic performance vs patient outcome
	Performance: sensitivity, specificity, predictive values. Outcome: death, recurrent infarction, functional status
	Improvement in the former has repeatedly failed to produce improvement in the latter within randomised evaluation
	Gray et al. (2021); Lee et al. (2023); Shah et al. (2018)


Note. ACS = acute coronary syndrome; INOCA = ischaemia with non-obstructive coronary arteries; MINOCA = myocardial infarction with non-obstructive coronary arteries; URL = upper reference limit.
[bookmark: Xab4000ed07407ef71dadde29769a18d8cd86ada]4. High-Sensitivity Cardiac Troponin and the Reconstruction of Rule-Out
[bookmark: X02b99d5dd2af4b25404198f100c3ed009ac257c]4.1 Analytical foundations and the meaning of a threshold
High-sensitivity cardiac troponin assays are defined by their ability to measure concentrations below the ninety-ninth percentile upper reference limit in a substantial majority of a healthy reference population with acceptable imprecision. This property, rather than any change in the biomarker itself, is what enabled the diagnostic acceleration of the past decade. It also introduced interpretive difficulties that the earlier generation of assays concealed. Concentrations vary with age, sex, renal function and comorbidity, so that a single population-derived threshold necessarily performs differently across subgroups, and small serial changes require careful attention to assay imprecision at low concentrations (Sandoval et al., 2022).
The dependence of diagnostic strategy on assay-specific characteristics is frequently underemphasised in clinical discussion. Thresholds validated for one manufacturer’s assay cannot be transferred to another, and the limit of detection, the limit of quantitation and the ninety-ninth percentile differ across platforms in ways that materially affect the proportion of patients eligible for early rule-out. Expert methodological guidance has been explicit that single-measurement strategies require assay-specific validation and appropriate laboratory reporting practices, including reporting of concentrations below the limit of quantitation where the strategy depends on them (Jaffe et al., 2023). Where these conditions are not met, the published performance of a strategy does not transfer.
[bookmark: single-measurement-rule-out]4.2 Single-measurement rule-out
The most efficient strategy conceptually is exclusion of infarction on a single blood sample obtained at presentation. Collaborative synthesis of individual studies established that a high-sensitivity cardiac troponin T concentration below the assay limit of detection, combined with a non-ischaemic electrocardiogram, achieves pooled sensitivity approaching ninety-nine per cent and negative predictive value above ninety-nine per cent for index myocardial infarction (Pickering et al., 2017). The strategy identifies a substantial minority of attendances as suitable for immediate discharge without serial testing, and it has been incorporated into contemporary guidance as an acceptable approach when combined with clinical assessment (Byrne et al., 2023; Gulati et al., 2021).
Three limitations qualify this conclusion. First, the meta-analytic estimate aggregates cohorts differing in prevalence, adjudication method and the proportion of patients presenting very early after symptom onset, and heterogeneity in sensitivity between contributing cohorts was not negligible. Second, patients presenting within the first hours of symptom onset may have concentrations below the limit of detection despite evolving infarction, which is why most guidance restricts single-sample rule-out either by symptom duration or by requiring an additional clinical criterion. Third, the strategy’s dependence on very low-concentration measurement makes it vulnerable to differences in laboratory practice, and the proportion of patients eligible differs substantially between assays (Jaffe et al., 2023). A methodological review of low-concentration rule-out approaches concluded that performance is acceptable but that reporting standards and validation quality across contributing studies were uneven, with incomplete blinding and variable handling of indeterminate results (Westwood, Armstrong, et al., 2021).
[bookmark: serial-sampling-algorithms]4.3 Serial-sampling algorithms
Where a single sample cannot exclude infarction, the dominant contemporary approach is a fixed short-interval serial algorithm. The zero-hour and one-hour algorithm assigns patients to rule-out, observation or rule-in categories on the basis of the presenting concentration and its absolute change, and carries a strong recommendation in European guidance (Byrne et al., 2023). Its principal validated advantage is speed: a diagnostic decision within an hour of the first sample for the majority of patients, with the observation zone retained for those in whom neither rule-out nor rule-in criteria are met.
The observation zone is the algorithm’s least satisfactory element and has attracted focused study. Approximately a fifth of patients fall into it, and the group is heterogeneous, containing both patients with evolving infarction and patients with chronic troponin elevation. Refinement of the criteria used to triage this group, incorporating additional sampling and clinical variables, improved the proportion of patients receiving a definitive early classification without evident loss of safety in a large prospective multicentre cohort (Lopez-Ayala et al., 2021). The refinement has not been evaluated prospectively as an implemented strategy, and its derivation and validation share overlapping infrastructure and investigators, which constrains confidence in transportability.
Whether the one-hour interval confers advantage over slightly longer intervals has been less clear than the strength of guideline recommendation suggests. Direct comparison within a large prospective multicentre cohort of the zero-hour and one-hour algorithm against zero-hour and two-hour or zero-hour and three-hour approaches found broadly comparable diagnostic performance, with differences in efficiency and in the size of the observation zone rather than in safety (Glaeser et al., 2026). This finding matters operationally, because the shorter interval imposes demands on phlebotomy and laboratory turnaround that many departments cannot meet reliably, and because failure to obtain the second sample at the specified time is a common cause of protocol deviation. The comparison was conducted within a research cohort with protocolised sampling, so it demonstrates equivalence of the algorithms rather than equivalence of their real-world implementations.
Point-of-care assays offer a route around the turnaround constraint. External validation of the zero-hour and one-hour algorithm using a point-of-care high-sensitivity troponin I assay, with derivation of a corresponding zero-hour and two-hour approach, showed diagnostic performance comparable with laboratory-based strategies in a multicentre cohort (Koechlin et al., 2024). Evidence of this kind is derived rather than independently validated in the case of the two-hour algorithm, and analytical performance of point-of-care platforms at very low concentrations remains the principal uncertainty.
[bookmark: X1996bab6da8be1f68135631aee7c71487d0d2d7]4.4 Populations in which algorithm performance degrades
Renal impairment presents the clearest example of subgroup failure. In a large cohort with adjudicated outcomes, high-sensitivity troponin concentrations were frequently elevated in patients with reduced estimated glomerular filtration rate in the absence of infarction, and diagnostic specificity and positive predictive value fell substantially as renal function declined, while sensitivity was preserved (Gallacher et al., 2022). The practical consequence is that rule-out remains reliable in this group while rule-in does not, which inverts the usual pattern of concern and argues for greater reliance on serial change and on clinical context rather than on absolute thresholds.
Sex-specific thresholds present a more contested case. Application of sex-specific ninety-ninth percentile values approximately doubled the diagnosis of myocardial infarction in women in a large stepped-wedge evaluation, correcting an apparent diagnostic deficit relative to men (Lee et al., 2019). The reclassified women were less likely than men to receive guideline-directed investigation and treatment after diagnosis, indicating that the diagnostic correction was not matched by a therapeutic one. Whether sex-specific thresholds improve outcomes remains unresolved: the reclassification identifies a group with elevated risk, but no trial has demonstrated that acting on the reclassification alters that risk. Commentary on the implications of contemporary guidance for women has emphasised that the diagnostic question cannot be separated from the downstream question of what treatment reclassified patients receive (Kaur et al., 2023; Maas et al., 2025).
Older patients with multimorbidity constitute the largest group in which chronic troponin elevation complicates interpretation, and they are systematically under-represented in the cohorts used to derive algorithms, partly because consent and adjudication requirements select against them. A multisite cohort evaluating high-sensitivity troponin T strategies together with clinical variables in a United States population reported performance consistent with European cohorts overall while demonstrating that the addition of clinical variables improved risk classification, a finding of particular relevance where baseline comorbidity is high (Allen et al., 2021).
[bookmark: X979211dcb7d943e919c093ef13f92b8cf736a7c]4.5 The disjunction between diagnostic gain and clinical benefit
Application of the universal definition using a high-sensitivity assay reclassifies the composition of the diagnosed population as much as it expands its size: in a large trial cohort, the majority of patients with troponin elevation had type 2 infarction or myocardial injury rather than type 1 infarction, and their outcomes differed accordingly (Chapman et al., 2020). The most important and least comfortable finding in this literature is that improved detection has not translated into improved outcomes. A stepped-wedge cluster-randomised evaluation of the implementation of a high-sensitivity troponin I assay with a sex-specific threshold reclassified a substantial number of patients as having myocardial injury, yet did not reduce subsequent myocardial infarction or cardiovascular death at one year (Shah et al., 2018). Extended observational follow-up of the same trial population to five years found no reduction in myocardial infarction or death associated with implementation (Lee et al., 2023). The finding has been interpreted in several ways: that reclassified patients largely have myocardial injury or type 2 infarction for which no effective specific therapy exists; that guideline-directed management was not consistently applied to reclassified patients; or that the follow-up period and event rates were insufficient to detect a modest benefit. Each interpretation is plausible, and the design cannot distinguish between them, since implementation trials evaluate a bundle rather than an isolated mechanism.
Prognostic data support the first interpretation in part. Patients with type 2 myocardial infarction and those with myocardial injury without infarction have long-term mortality exceeding that of patients with type 1 infarction, driven predominantly by non-cardiovascular causes, and coronary-directed therapy would not be expected to modify that trajectory (Chapman et al., 2018). Analysis of oxygen supply–demand imbalance within the type 2 group demonstrated that outcomes vary substantially according to the precipitating mechanism, indicating that the category is too heterogeneous to be managed as a unit (Bularga et al., 2022). The absence of trial evidence for any specific intervention in this population is the central unresolved problem created by the sensitivity of contemporary assays.
The available strategies for early exclusion of infarction differ in the number of samples required, the populations in which they have been validated and the operational conditions they impose. Table 2 compares them on those dimensions rather than on pooled accuracy estimates, since the underlying studies differ in prevalence and adjudication to a degree that makes direct numerical comparison misleading. The comparison indicates that the choice among strategies is determined less by diagnostic performance, which is broadly similar, than by assay availability, laboratory logistics and the case mix of the department.
Table 2. Comparison of early rule-out strategies for myocardial infarction in emergency department populations
	Strategy
	Sampling requirement
	Principal validation evidence
	Principal strengths
	Principal limitations
	Supporting references

	Single sample below limit of detection with non-ischaemic ECG
	One sample at presentation
	Collaborative meta-analysis of prospective cohorts
	Highest efficiency; no second sample; high sensitivity and negative predictive value
	Assay-specific; unreliable in very early presenters; depends on laboratory reporting below limit of quantitation
	Jaffe et al. (2023); Pickering et al. (2017); Westwood, Armstrong, et al. (2021)

	ESC 0/1 h algorithm
	Two samples one hour apart
	Large prospective multicentre cohorts; guideline endorsement
	Rapid definitive classification for most patients; extensively externally validated
	Observation zone in approximately one fifth of patients; demanding sampling logistics; performance altered in renal impairment
	Byrne et al. (2023); Glaeser et al. (2026); Lopez-Ayala et al. (2021)

	0/2 h or 0/3 h algorithms
	Two samples two to three hours apart
	Direct comparison within prospective multicentre cohort
	Comparable safety with less demanding timing; better suited to constrained laboratory turnaround
	Longer stay for rule-out patients; fewer implementation studies
	Glaeser et al. (2026); Than et al. (2012)

	Point-of-care high-sensitivity strategies
	One or two samples, analysed at the bedside
	External validation of 0/1 h and derivation of 0/2 h algorithms
	Removes laboratory turnaround as rate-limiting step; enables prehospital application
	Analytical performance at very low concentrations remains the key uncertainty; 0/2 h approach derived not independently validated
	Demandt et al. (2026); Koechlin et al. (2024)

	Algorithms combined with clinical variables
	One or two samples plus structured clinical assessment
	Multisite cohorts and pathway trials
	Improves classification where comorbidity is prevalent; addresses non-infarction causes of presentation
	Added complexity; variable adherence; risk-score components differ in reproducibility
	Allen et al. (2021); Mahler et al. (2015)


Note. ECG = electrocardiogram; ESC = European Society of Cardiology. Strategies are compared on validation context and operational requirements; pooled accuracy estimates are not tabulated because contributing cohorts differ substantially in prevalence and adjudication method.
[bookmark: Xdb0c092bc2814cc2762c1f19db8e9b6473983b9]5. Clinical Decision Pathways and the Problem of the Acceptable Threshold
[bookmark: the-heart-score-and-its-derivatives]5.1 The HEART score and its derivatives
Structured decision aids were developed to formalise what clinicians were already doing implicitly: combining history, electrocardiographic findings, age, risk factors and biomarker results into a categorical judgement. The HEART score assigns points across these five domains and stratifies patients into low, moderate and high-risk categories. Two independent meta-analyses reached compatible conclusions about its performance, reporting high sensitivity for major adverse cardiac events at the low-risk threshold while noting wide variation in specificity and in the proportion of patients classified as low risk across contributing studies (Fernando et al., 2019; Laureano-Phillips et al., 2019). Both syntheses drew attention to methodological weaknesses that recur throughout the decision-aid literature: retrospective score calculation from records not designed for the purpose, variable definitions of the composite outcome, differing follow-up durations, and inclusion of coronary revascularisation within the outcome, which introduces circularity because revascularisation is partly determined by the diagnostic pathway itself.
The composite outcome problem deserves particular emphasis. When revascularisation is counted as an adverse event, a pathway that leads to angiography mechanically generates events, and a pathway that leads to discharge does not. Comparisons across studies using different composite definitions therefore measure differences in management culture as much as differences in risk. A systematic review restricted to patients without acute myocardial infarction found that risk scores discriminated less well in that population than the headline figures suggest, which is precisely the population in whom the scores are used to justify discharge (O’Rielly et al., 2023). This is a substantive limitation rather than a technical caveat, and it is inconsistently acknowledged in guidance.
Simplification of the score by removing the troponin component, producing the HEAR score, has been proposed for prehospital and pre-biomarker triage. Meta-analysis reported acceptable sensitivity at low thresholds but with confidence intervals wide enough to preclude confident use as a sole determinant of discharge, and with substantial heterogeneity between studies attributable to differing prevalence and outcome definition (Khaleghi Rad et al., 2022). The score’s principal utility is therefore in identifying patients in whom a single troponin measurement is likely to be sufficient, rather than in replacing biomarker measurement.
[bookmark: alternative-pathway-architectures]5.2 Alternative pathway architectures
Several alternative pathways were developed contemporaneously and encode different design philosophies. The two-hour accelerated diagnostic protocol combined a validated risk score with serial contemporary troponin measurement and demonstrated that a defined group could be identified for early discharge, establishing the feasibility of accelerated assessment before high-sensitivity assays were widely available (Than et al., 2012). Subsequent validation using a high-sensitivity troponin I assay within a two-hour strategy confirmed acceptable thirty-day outcomes in a multicentre cohort (Cullen et al., 2013).
The Emergency Department Assessment of Chest Pain Score was developed specifically to maximise the proportion of patients eligible for early discharge rather than to maximise discrimination, an explicit design trade-off that distinguishes it from scores derived by conventional model-building (Than et al., 2014). Comparative evaluation of automatically calculated scores in a large multicentre prospective cohort found that this pathway identified a larger low-risk group than the HEART score at comparable sensitivity, although automated calculation from electronic records introduces its own measurement error and the comparison was retrospective in its score derivation (Mark et al., 2020).
The Troponin-only Manchester Acute Coronary Syndromes decision aid takes a different approach again, using logistic regression to generate an individual probability rather than a categorical score, which permits explicit selection of a probability threshold for discharge (Body et al., 2017). Meta-analysis of the Manchester rules reported high sensitivity at the rule-out threshold with the same limitations of outcome heterogeneity seen elsewhere, and noted that most validation had been conducted in a small number of countries (Roshdi Dizaji et al., 2024). Direct comparison of five accelerated pathways using a single high-sensitivity troponin I assay within one cohort found that the pathways differed principally in the proportion of patients classified as low risk rather than in sensitivity, which suggests that the choice between them is largely a decision about acceptable efficiency at a fixed level of safety (Greenslade et al., 2018).
[bookmark: Xe3fdef9c321391fdce0bc942903bf82a0b71344]5.3 Trial evidence for pathway implementation
Randomised evaluation of pathway implementation is sparse relative to the volume of accuracy literature. The HEART Pathway randomised trial demonstrated that implementation reduced objective cardiac testing and increased early discharge without an excess of adverse events at thirty days, and one-year follow-up did not identify a signal of harm (Mahler et al., 2015; Stopyra et al., 2019). The trial was conducted at a single academic institution with a modest sample size, and its power to exclude a small increase in rare events was limited; the absence of a detected safety signal is therefore reassuring rather than conclusive.
Prehospital application represents the most substantial recent extension. A randomised trial of prehospital rule-out using a single point-of-care troponin measurement combined with a risk score reported that the strategy reduced hospital attendance without evidence of increased adverse events at one year (Aarts et al., 2024). An individual patient data meta-analysis of prehospital risk stratification using point-of-care troponin reinforced the finding that a substantial proportion of patients can be identified as low risk before hospital arrival, while highlighting that assay performance and the choice of risk-score threshold drive the trade-off between efficiency and missed events (Demandt et al., 2026). Neither body of evidence has yet been evaluated at the scale required to detect uncommon harms, and prehospital application shifts the consequences of misclassification into a setting with reduced capacity for observation.
Adherence is the recurrent implementation problem. Pathways derived and validated under research conditions are applied inconsistently in practice, with clinicians overriding low-risk classifications on the basis of factors the pathway does not capture. Analysis within a randomised trial of early computed tomography coronary angiography found that clinical decision aids and imaging results were used in combination in ways not anticipated by either protocol, illustrating that decision support is absorbed into existing practice rather than replacing it (Wang et al., 2024).
[bookmark: what-counts-as-acceptably-low-risk]5.4 What counts as acceptably low risk
The most fundamental unresolved question in this literature is not empirical. Pathways are calibrated to a missed-event rate that clinicians and researchers have described as acceptable, commonly framed as a one per cent risk of major adverse cardiac events within thirty days. That figure originated in survey work and expert consensus rather than in evidence about patient preference or societal willingness to accept diagnostic risk, and it has been applied to composite outcomes of varying composition. Whether patients themselves would accept that threshold, and whether their acceptance would vary with the burden of testing avoided, has been studied far less than the accuracy of the tools calibrated against it.
Shared decision-making offers a partial route out of this difficulty. A multicentre randomised trial of a decision aid for patients with low-risk chest pain found that its use increased patient knowledge, increased engagement in the decision, and reduced admission to observation units, without evidence of increased adverse events (Hess et al., 2016). The trial was not powered to exclude rare harms and the intervention applied to a pre-selected low-risk group, so it does not establish that patients can safely be given latitude across the full risk spectrum. Its importance lies in demonstrating that the threshold question can be devolved to the individual patient in at least some circumstances, which reframes an apparently technical parameter as a matter of values.
Table 3 compares the principal pathways on derivation approach, validation breadth and the specific weaknesses identified during appraisal. The comparison shows that no pathway is clearly superior on evidence quality, and that their differences lie in the proportion of patients classified as low risk and in the operational demands they impose. This convergence suggests that further comparative accuracy studies are unlikely to be informative, and that the remaining questions concern implementation fidelity and outcome effects.
Table 3. Critical comparison of structured decision pathways for suspected acute coronary syndrome
	Pathway
	Design approach
	Breadth of validation
	Identified methodological weaknesses
	Supporting references

	HEART score and HEART Pathway
	Consensus-derived additive score across five clinical domains, combined with serial troponin in pathway form
	Extensive international validation; one single-centre randomised implementation trial
	Retrospective score reconstruction in many validations; composite outcome includes revascularisation; reduced discrimination in patients without infarction
	Fernando et al. (2019); Laureano-Phillips et al. (2019); Mahler et al. (2015); O’Rielly et al. (2023); Stopyra et al. (2019)

	HEAR score
	HEART score without the troponin component, for pre-biomarker triage
	Meta-analysis of observational cohorts
	Wide confidence intervals for sensitivity; marked between-study heterogeneity; insufficient for sole use in discharge decisions
	Khaleghi Rad et al. (2022)

	ADAPT (2 h accelerated diagnostic protocol)
	Risk score combined with serial biomarker measurement at 0 and 2 h
	Multicentre prospective validation including high-sensitivity assay
	Derived with contemporary assays; low-risk proportion modest; limited randomised implementation data
	Cullen et al. (2013); Than et al. (2012)

	EDACS-ADP
	Score explicitly optimised to maximise the low-risk proportion rather than discrimination
	Multicentre prospective and automated retrospective validation
	Automated calculation introduces measurement error; design trade-off makes discrimination comparisons unfavourable by construction
	Mark et al. (2020); Than et al. (2014)

	T-MACS
	Logistic regression generating individual probability, permitting explicit threshold selection
	External validation in several cohorts; meta-analysis of the Manchester rules
	Validation concentrated in few countries; outcome definitions heterogeneous; probability output requires numerical literacy at the bedside
	Body et al. (2017); Roshdi Dizaji et al. (2024)

	Prehospital rule-out with point-of-care troponin
	Risk score plus single point-of-care measurement before hospital arrival
	One randomised trial with one-year follow-up; individual patient data meta-analysis
	Underpowered for rare harms; dependent on point-of-care analytical performance; misclassification occurs where observation capacity is least
	Aarts et al. (2024); Demandt et al. (2026)


Note. ADAPT = 2-hour accelerated diagnostic protocol; EDACS-ADP = Emergency Department Assessment of Chest Pain Score accelerated diagnostic protocol; T-MACS = Troponin-only Manchester Acute Coronary Syndromes decision aid.
[bookmark: Xcb39ad8f1c7825ff52bd70e1b3c23c742301791]6. Imaging, Downstream Testing and the Question of Marginal Value
[bookmark: Xc46f6f0e6b1e6ddbe2a0441ae45165c36bb5b96]6.1 Early coronary computed tomography angiography
Coronary computed tomography angiography offers anatomical information that biomarkers cannot provide, identifying both obstructive coronary disease and its absence with high negative predictive value. Its role in the acute setting has been tested directly. A multicentre randomised trial of early computed tomography coronary angiography in patients with suspected acute coronary syndrome found no reduction in the primary outcome of death or subsequent type 1 or type 4b myocardial infarction at one year, while the intervention was associated with a modest increase in length of stay (Gray et al., 2021). The trial recruited patients across a broad risk spectrum, including those with elevated troponin, which distinguishes it from earlier trials confined to low-risk populations and makes its neutral result more informative about routine practice.
Pre-specified secondary analysis examined whether the presenting troponin concentration identified a subgroup deriving benefit, and did not find that early imaging improved outcomes in patients with elevated presentation concentrations (Wang et al., 2022). The consistency of the neutral result across strata weakens the argument that early anatomical imaging was simply applied to the wrong patients. Two interpretations remain viable. Early imaging may genuinely add little once high-sensitivity biomarker strategies and structured pathways are in place, because the information it provides changes management in relatively few patients. Alternatively, benefit may exist but be too small to detect within the achieved sample size and event rate, or may accrue over a longer horizon than one year through modification of preventive therapy. Distinguishing these possibilities would require either a substantially larger trial or a design targeting the specific decision that imaging is intended to inform.
[bookmark: X779fb562f38eccce2a3a0eb86e9fdf04fc9eb96]6.2 Cardiac magnetic resonance and functional testing
Cardiac magnetic resonance imaging occupies a different position, offering tissue characterisation capable of distinguishing infarction from myocarditis, takotsubo syndrome and other causes of troponin elevation. A randomised trial comparing a magnetic resonance-based strategy with invasive-based management in patients with chest pain and detectable to mildly elevated troponin found that the imaging-led strategy reduced invasive angiography without evidence of increased adverse events (Miller et al., 2023). The trial addressed a specific and increasingly common clinical situation created by high-sensitivity assays, namely the patient with a modest troponin elevation and no clear ischaemic syndrome, and its result supports selective use of tissue characterisation in that group. Sample size limits confidence in the safety conclusion, and access to acute cardiac magnetic resonance imaging is restricted to a minority of institutions internationally, which constrains generalisability more than the internal validity of the trial.
Functional stress testing after a negative biomarker evaluation, once routine, has become progressively harder to justify. The diagnostic yield in patients already classified as low risk by a validated pathway is low, false-positive results generate downstream angiography with attendant procedural risk, and no randomised evidence demonstrates that routine provocative testing in this group improves outcomes. Contemporary guidance reflects this shift by recommending against routine testing in patients identified as low risk and by emphasising anatomical or functional evaluation in intermediate-risk patients where it will change management (Gulati et al., 2021).
[bookmark: observation-admission-and-marginal-yield]6.3 Observation, admission and marginal yield
The observation unit was designed to occupy the space between discharge and admission, and its use expanded rapidly during the era of prolonged biomarker protocols. Rapid rule-out strategies have compressed the population for which it was intended. Where a definitive classification can be reached within one to three hours, the residual role of observation is confined to patients whose risk arises from clinical features rather than from awaiting biomarker results, and to those requiring investigation that cannot be arranged from the emergency department. Evidence that in-patient observation of low-risk patients yields few modifiable events supports contraction of this pathway, although the retrospective design and restricted event definition of the principal analysis limit the strength of that inference (Weinstock et al., 2015).
Formal economic evaluation of high-sensitivity troponin strategies for early rule-out concluded that these approaches are likely to be cost-effective relative to previous standard practice, principally through reduced length of stay and avoided admission, while noting substantial uncertainty arising from limited outcome data and from assumptions about downstream testing (Westwood, Ramaekers, et al., 2021). The evaluation’s structural assumption, that avoided admission does not generate harm, is supported by the accuracy literature but not by outcome trials, which illustrates how the disjunction identified in Section 4.5 propagates into economic analysis.
[bookmark: decision-making-with-the-patient]6.4 Decision-making with the patient
The reduction in diagnostic uncertainty achieved by contemporary strategies has not eliminated the need for judgement about residual risk, and evidence supports involving patients in that judgement where risk is genuinely low. Beyond the trial evidence for structured decision aids, the practical difficulty is that shared decision-making requires time and communication resources that crowded departments frequently lack, and that the patients least likely to receive it are those facing language barriers or presenting during periods of peak demand (Joseph et al., 2023). The intervention with the strongest evidence for improving the experience of low-risk chest pain assessment is therefore also among the most vulnerable to the operational pressures described in Section 8.3.
[bookmark: X20fbab18b27a8378e57875d0762987e84c6ad40]7. Diagnoses That Pathway-Centred Practice Underweights
[bookmark: acute-aortic-syndromes]7.1 Acute aortic syndromes
Acute aortic syndromes are rare relative to acute coronary syndromes but carry high early mortality and are frequently misattributed at first contact. The aortic dissection detection risk score, combined with D-dimer measurement, was evaluated prospectively in a multicentre study and demonstrated that patients with a low risk score and a D-dimer concentration below the conventional threshold have a low probability of acute aortic syndrome, supporting a rule-out strategy analogous to that used in suspected pulmonary embolism (Nazerian et al., 2018). Subsequent systematic review and meta-analysis confirmed high sensitivity for the combined strategy while quantifying a residual failure rate that, given the lethality of the condition, is not negligible (Ren et al., 2024).
Three problems limit the translation of this evidence. The prevalence of acute aortic syndrome in unselected chest pain populations is far lower than in the enriched cohorts used for validation, which reduces positive predictive value and increases the number of computed tomography studies performed per diagnosis. D-dimer is elevated in numerous conditions common among patients presenting with chest pain, including pulmonary embolism, infection and malignancy, so a strategy optimised for one diagnosis interacts unpredictably with the differential as a whole. Finally, the risk score requires the clinician to have considered the diagnosis, and the documented failures of recognition occur precisely when it is not considered. A rule-out tool cannot correct a failure of suspicion, which is a structural limitation shared with every decision aid discussed in this review.
[bookmark: pulmonary-embolism]7.2 Pulmonary embolism
Diagnostic strategy for suspected pulmonary embolism has matured further than for aortic syndromes, and provides an instructive comparison. The pulmonary embolism rule-out criteria were evaluated in a randomised non-inferiority trial that demonstrated that withholding further testing in very low-risk patients meeting all criteria did not increase thromboembolic events at three months (Freund et al., 2018). The YEARS algorithm, which varies the D-dimer threshold according to the presence of specific clinical items, reduced the proportion of patients requiring computed tomography pulmonary angiography in a large prospective management study while maintaining a low failure rate (van der Hulle et al., 2017). Individual patient data modelling has since integrated these approaches into a unified framework permitting explicit choice of the trade-off between imaging efficiency and missed diagnoses (van Es et al., 2023).
This literature is methodologically stronger than most of the chest pain diagnostic literature in one specific respect: it has consistently used management studies with defined failure rates and adequate follow-up rather than accuracy studies with adjudicated reference standards. The distinction matters because a management study measures what happens when a strategy is applied, including the consequences of the diagnoses it misses, which is the quantity clinicians actually need. The relative scarcity of comparable management studies in the acute coronary syndrome literature is a notable asymmetry, and one that could be corrected.
[bookmark: X86e3a2d3c916272280ad22a50ab41e0c08fb991]7.3 Infarction without obstructive coronary disease, and related syndromes
Myocardial infarction with non-obstructive coronary arteries is a working diagnosis rather than a final one, encompassing plaque disruption without angiographic obstruction, coronary vasospasm, spontaneous coronary artery dissection, embolism and myocarditis misclassified as infarction. Systematic evaluation using intracoronary imaging and cardiac magnetic resonance in women with this presentation identified a specific cause in the majority, with plaque disruption and myocarditis both prominent, demonstrating that the label conceals mechanistically distinct conditions requiring different management (Reynolds et al., 2021). Consensus guidance emphasises structured aetiological investigation rather than reassurance based on the absence of obstructive disease (Tamis-Holland et al., 2019).
Spontaneous coronary artery dissection deserves separate mention because it presents disproportionately in younger women, is frequently misdiagnosed at first presentation, and requires management that differs substantially from that of atherothrombotic infarction (Hayes et al., 2018). Ischaemia with non-obstructive coronary arteries, in which coronary microvascular dysfunction or vasomotor disorder produces ischaemia without infarction, accounts for a proportion of recurrent chest pain presentations and is associated with adverse prognosis despite the absence of obstructive disease (Del Buono et al., 2021; Kunadian et al., 2020; Mehta et al., 2022). Emergency department pathways are not designed to identify these conditions, and patients with them are systematically excluded from the low-risk populations in which pathways are validated, which means the pathways provide no information about the safety of discharge in this group.
[bookmark: X32b399558607f64b5f9497aa96bcdedd777ddf3]7.4 Non-cardiac chest pain and the absence of after-care
The largest group leaving the emergency department after chest pain assessment has no cardiac diagnosis. Oesophageal disorders, musculoskeletal pain, respiratory conditions and anxiety account for most of these presentations, and the differential requires evaluation that emergency assessment is not designed to provide (Frieling, 2018). The prevailing model treats exclusion of acute coronary syndrome as the completion of the diagnostic task, and patients are frequently discharged without a positive diagnosis, without a management plan for their symptoms, and without arranged follow-up.
The consequences are measurable. Cardiac anxiety persists in a substantial proportion of patients after non-cardiac chest pain, contributes to functional impairment and drives repeat attendance; a randomised trial of internet-delivered cognitive behavioural therapy demonstrated durable reduction in cardiac anxiety, establishing that the problem is modifiable (Eriksson-Liebon et al., 2024). That intervention was delivered outside the emergency department and required a referral pathway that most systems do not provide. The mismatch between the volume of research directed at excluding infarction in this population and the volume directed at helping them afterwards is one of the clearest imbalances in the field.
Table 4 summarises the principal diagnoses that fall outside acute coronary syndrome pathways, the evidence supporting their evaluation, and the specific limitations that constrain that evidence. The pattern across these conditions is consistent: rule-out tools exist and perform adequately in enriched populations, but the transition to unselected emergency populations reduces predictive value, and no tool compensates for failure to consider the diagnosis.
Table 4. Diagnoses outside the acute coronary syndrome pathway: evidence base and constraints
	Diagnosis or syndrome
	Principal diagnostic approach evaluated
	Strength of supporting evidence
	Principal constraint on translation
	Supporting references

	Acute aortic syndromes
	Aortic dissection detection risk score with D-dimer
	Prospective multicentre validation and meta-analysis
	Very low prevalence in unselected populations; D-dimer non-specific; requires prior clinical suspicion
	Nazerian et al. (2018); Ren et al. (2024)

	Pulmonary embolism
	Pulmonary embolism rule-out criteria; YEARS algorithm; integrated prediction modelling
	Randomised non-inferiority trial and prospective management studies with defined failure rates
	Strategy interacts with other D-dimer-dependent pathways; thresholds require explicit value judgements
	Freund et al. (2018); van der Hulle et al. (2017); van Es et al. (2023)

	Type 2 myocardial infarction and myocardial injury
	Serial high-sensitivity troponin with clinical assessment of supply–demand imbalance
	Large adjudicated cohorts with long-term outcome data
	No trial evidence for any specific therapy; heterogeneous precipitants; excess mortality largely non-cardiovascular
	Bularga et al. (2022); Chapman et al. (2018); Sandoval & Thygesen (2017)

	MINOCA
	Structured aetiological work-up including intracoronary imaging and cardiac magnetic resonance
	Prospective mechanistic cohort and consensus statements
	Requires resources unavailable acutely in most centres; not addressed by emergency pathways
	Reynolds et al. (2021); Tamis-Holland et al. (2019)

	Spontaneous coronary artery dissection
	Angiographic recognition with specific management pathway
	Scientific statement synthesising observational evidence
	Frequently misclassified at first presentation; affects populations under-represented in pathway derivation
	Hayes et al. (2018)

	INOCA and coronary microvascular dysfunction
	Invasive or non-invasive assessment of microvascular and vasomotor function
	Consensus document and mechanistic reviews
	Diagnosis is not made acutely; recurrent presentations continue without explanation
	Del Buono et al. (2021); Kunadian et al. (2020); Mehta et al. (2022)

	Non-cardiac chest pain
	Exclusion of cardiac cause followed by targeted assessment of oesophageal, musculoskeletal and psychological contributors
	Narrative and consensus literature; one randomised trial of psychological intervention
	Assessment occurs outside emergency care; referral pathways rarely exist; persistent cardiac anxiety unaddressed
	Eriksson-Liebon et al. (2024); Frieling (2018)


Note. INOCA = ischaemia with non-obstructive coronary arteries; MINOCA = myocardial infarction with non-obstructive coronary arteries.
[bookmark: X5258475175bcbf791688c360dacebb03e4dfdf2]8. Equity, Implementation and the System Context of Diagnosis
[bookmark: sex-and-gender]8.1 Sex and gender
Differences in the evaluation and treatment of women presenting with chest pain have been documented for decades and persist despite sustained attention. Three mechanisms are distinguishable in the evidence, and conflating them has hindered progress. The first is analytical: use of a single troponin threshold derived from mixed populations systematically under-diagnoses infarction in women, an effect corrected by sex-specific thresholds (Lee et al., 2019). The second is interpretive: the persistent belief that women present with characteristically different symptoms is not supported by adjudicated symptom data, and may itself delay recognition (Ferry et al., 2019). The third is therapeutic: women identified as having infarction receive guideline-directed investigation and treatment less consistently than men, so that correcting the diagnostic threshold without addressing subsequent management yields incomplete benefit (Lee et al., 2019; Maas et al., 2025).
The therapeutic gap has received the least methodological attention. It is generally identified in observational analyses in which confounding by comorbidity, presentation severity and patient preference cannot be excluded, and the proportion attributable to clinician behaviour as opposed to case mix remains uncertain. Commentary accompanying contemporary guidance has argued that the diagnostic and therapeutic questions must be addressed jointly, and that trials evaluating diagnostic strategies should report sex-disaggregated management and outcome data as a matter of course (Kaur et al., 2023). That requirement is not consistently met in the trials examined for this review, several of which report sex-disaggregated baseline characteristics without corresponding outcome or process disaggregation.
[bookmark: ethnicity-language-and-insurance-status]8.2 Ethnicity, language and insurance status
Analyses of national practice data have identified differences in the intensity of evaluation received by patients presenting with chest pain according to race, ethnicity and insurance status, with disparities persisting after adjustment for available clinical covariates (Mukhopadhyay et al., 2020). The interpretive difficulty is substantial: administrative datasets lack the clinical detail required to distinguish appropriate variation from inequitable variation, and unmeasured differences in presentation acuity could account for part of the observed pattern. The consistency of the direction of effect across datasets and time periods nonetheless makes pure confounding an unlikely complete explanation.
Evidence on triage assignment is more specific and more concerning, because triage occurs before clinical evaluation and therefore before the point at which case-mix differences could legitimately influence resource allocation. A multicentre analysis found differences in triage acuity assignment associated with race, ethnicity and primary language, indicating that the earliest stage of the diagnostic pathway is not applied uniformly (Joseph et al., 2023). Triage assignment determines waiting time, and waiting time determines the interval to electrocardiography and biomarker sampling, so a disparity at this stage propagates through every subsequent step of an otherwise standardised pathway. Structured decision aids cannot correct this, because they operate after triage and take as input the assessment that triage has already shaped.
[bookmark: X52ec359490247f1517478efc2518607a315a772]8.3 System capacity, prehospital care and settings with constrained resources
Diagnostic strategy is inseparable from the capacity of the system implementing it. Algorithms requiring sampling at precisely specified intervals assume laboratory turnaround and nursing availability that departments operating beyond capacity cannot guarantee, and protocol deviation under load is predictable rather than aberrant. The comparability of one-hour and longer-interval algorithms is therefore of practical importance, since it indicates that departments unable to sustain the shorter interval are not obliged to accept inferior performance (Glaeser et al., 2026).
Prehospital rule-out strategies represent an attempt to move diagnosis upstream of the constrained resource, and the randomised and pooled evidence indicates that this is feasible for a defined low-risk group (Aarts et al., 2024; Demandt et al., 2026). The approach presupposes an emergency medical services system with trained personnel, point-of-care analytical capability and a governance framework permitting non-conveyance, conditions that are not universal even among high-income systems.
The geographical concentration of the evidence base is the most consequential unaddressed limitation in this field. The cohorts, trials and syntheses examined for this review originate overwhelmingly from western Europe, North America and Australasia, while ischaemic heart disease mortality is concentrated increasingly in low- and middle-income countries (GBD 2021 Causes of Death Collaborators, 2024). Diagnostic strategies validated where high-sensitivity assays are universally available, where computed tomography can be obtained within an hour and where emergency departments are staffed by specialists cannot be assumed to transfer to settings where any of these conditions fails. Evidence generated in such settings is scarce enough that this review cannot characterise it beyond noting its scarcity, which is itself a finding: the population bearing most of the global burden is least represented in the literature that defines the standard of care.
[bookmark: X17fba8fe5cf8488e8f2011642f02c1a0c21a347]9. Computational Decision Support and the Standards It Must Meet
[bookmark: Xecfa7be6d6cd432b847d84f56f1ab234d99b845]9.1 Machine learning applied to troponin-based diagnosis
Fixed thresholds and fixed change criteria discard information. Machine-learning approaches that use continuous troponin concentrations together with clinical variables to generate individual probability estimates have been developed to recover it. A model derived and validated across multiple international cohorts estimated the probability of myocardial infarction from troponin concentration, time between samples and clinical features, and identified a larger proportion of patients as suitable for rule-out at comparable safety than fixed-threshold approaches, while also improving identification of patients at high probability (Doudesis et al., 2023). Direct comparison with guideline-recommended pathways in an independent cohort supported these findings, reporting improved efficiency without loss of sensitivity (Boeddinghaus et al., 2024).
Independent external validation is the appropriate test of such claims, and it has been applied unevenly. External evaluation of an earlier machine-learning algorithm for early myocardial infarction diagnosis in a multicentre cohort reported performance below that observed in derivation, illustrating the optimism that accompanies model development and the necessity of validation in populations the developers did not assemble (Lopez-Ayala et al., 2024). The pattern is familiar from the broader prediction-model literature and argues against adopting any model on the basis of derivation performance alone, however impressive.
Several structural concerns apply to this class of models. Calibration, which determines whether a stated probability corresponds to observed frequency, is reported less consistently than discrimination, yet calibration is what matters when a probability threshold governs discharge. Models trained on adjudicated cohorts inherit the adjudication process as their reference standard, so they learn to reproduce expert classification rather than to predict biological events, and adjudication itself uses troponin. The populations used for derivation share investigators and infrastructure to a degree that limits the independence of successive validations. None of these concerns invalidates the approach, but together they indicate that current evidence supports feasibility rather than readiness.
[bookmark: Xa85d88738d9d3914da0b5501c0837420f88b2a7]9.2 Deep learning applied to the electrocardiogram
Electrocardiographic deep learning addresses a different and arguably more tractable problem, since the input is standardised and abundant. Reported model performance for identifying and localising occlusion myocardial infarction exceeds that of conventional ST-elevation criteria, which is consistent with the well-documented insensitivity of those criteria for acute coronary occlusion (Gustafsson et al., 2026). If such performance is confirmed prospectively, the clinical implication is substantial, because the patients affected are those in whom delay to reperfusion is most consequential.
The evidence remains preliminary in ways that the reported accuracy figures do not convey. Model development has relied on retrospective datasets with reference standards defined by angiographic findings or discharge diagnoses, both of which are influenced by the clinical response to the electrocardiogram being evaluated. Performance in populations differing in age structure, comorbidity and prevalence from the development cohorts is largely uncharacterised, and no evaluation has yet demonstrated that model output changes clinician behaviour in a manner that reduces time to reperfusion. The transition from demonstrating that a model can classify to demonstrating that its deployment helps patients is precisely the transition that the troponin literature completed only partially, and there is no reason to expect it to be easier here.
[bookmark: what-adoption-would-require]9.3 What adoption would require
The evidentiary standard appropriate to computational decision support in this setting should be at least as demanding as that applied to a new diagnostic assay. That implies independent external validation in populations distinct from the development cohorts, reporting of calibration alongside discrimination, transparent specification sufficient for independent implementation, prospective evaluation of the effect on clinical decisions rather than on classification alone, and monitoring for performance drift after deployment. Evaluation should also address the interaction between model output and clinician judgement, since the evidence on decision aids consistently shows that clinicians incorporate structured output into existing reasoning rather than deferring to it (Wang et al., 2024).
The recurring methodological weaknesses identified across the evidence examined in this review are not confined to computational approaches, and they explain much of the inconsistency described in earlier sections. Table 5 sets out these weaknesses, the domains in which they appear, their consequences for interpretation and the study designs that would address them. Two entries account for a disproportionate share of the difficulty: the use of composite outcomes containing management-dependent components, and the near-universal substitution of diagnostic performance for patient outcome as the primary endpoint.
Table 5. Recurrent methodological limitations in the acute chest pain evidence base
	Limitation
	Where it appears
	Consequence for interpretation
	Design that would address it
	Supporting references

	Composite outcomes including revascularisation
	Decision-aid validation and comparative pathway studies
	Events are partly generated by the pathway under evaluation, producing circularity and inflating apparent risk in interventional strategies
	Prespecified outcomes restricted to death and spontaneous infarction, with revascularisation reported separately
	Fernando et al. (2019); Laureano-Phillips et al. (2019); O’Rielly et al. (2023)

	Diagnostic performance substituted for patient outcome
	Assay evaluation, algorithm derivation, most machine-learning studies
	Improved classification is assumed to confer benefit despite randomised evidence of neutral effects
	Management studies and randomised trials powered for death and recurrent infarction
	Gray et al. (2021); Lee et al. (2023); Shah et al. (2018)

	Spectrum restriction in derivation cohorts
	Prospective diagnostic cohorts underpinning algorithms
	Performance overstated for older, multimorbid and renally impaired patients who dominate real caseloads
	Deliberate recruitment of under-represented groups with prespecified subgroup analysis
	Allen et al. (2021); Gallacher et al. (2022)

	Shared investigators and infrastructure across successive validations
	Algorithm refinement and machine-learning validation
	Apparent external validation is less independent than it appears, and optimism persists across studies
	Validation in cohorts assembled by unrelated groups in different health systems
	Boeddinghaus et al. (2024); Lopez-Ayala et al. (2021); Lopez-Ayala et al. (2024)

	Calibration under-reported relative to discrimination
	Prediction models and probability-based decision aids
	A well-discriminating model may still assign probabilities that do not correspond to observed frequencies at the decision threshold
	Mandatory calibration reporting at the thresholds proposed for clinical action
	Body et al. (2017); Doudesis et al. (2023)

	Geographical and health-system concentration
	Whole evidence base
	Strategies are validated where resources are abundant and applied where they are not
	Multiregional studies including settings without universal high-sensitivity assay or rapid imaging access
	GBD 2021 Causes of Death Collaborators (2024); Glaeser et al. (2026)

	Adherence and fidelity unmeasured in implementation
	Pathway implementation studies and pragmatic trials
	Neutral trial results cannot be attributed to the strategy rather than to its incomplete application
	Prespecified fidelity measurement with analysis by adherence as a secondary endpoint
	Mahler et al. (2015); Wang et al. (2024)


Note. Limitations are listed in the order in which they are discussed in the text and are not ranked by severity.
[bookmark: future-directions]10. Future Directions
The research priorities that follow are ordered by the degree to which resolving them would change practice, and each is stated with the design that would resolve it.
The first and most immediate priority is to test rapid rule-out strategies against patient outcomes rather than against diagnostic classification. The evidence that reclassification of patients as having myocardial injury does not reduce subsequent infarction or death is now consistent across one-year and five-year horizons within the same trial population, and no comparable evaluation has been conducted for other assays, other thresholds or other health systems (Lee et al., 2023; Shah et al., 2018). What is required is not a further accuracy study but a management study design of the kind that has become standard in suspected pulmonary embolism, in which a defined strategy is applied prospectively and the failure rate is measured over adequate follow-up with all-cause outcomes ascertained (Freund et al., 2018; van der Hulle et al., 2017). Such studies should enrol unselected consecutive patients, should not exclude those with renal impairment or advanced age, and should report failure rates with confidence intervals narrow enough to inform the threshold debate described in Section 5.4.
The second priority is to establish whether any intervention improves outcomes in patients with type 2 myocardial infarction or myocardial injury. This group now constitutes a substantial proportion of troponin elevations detected in emergency departments, carries mortality exceeding that of type 1 infarction, and has no evidence-based specific therapy (Bularga et al., 2022; Chapman et al., 2018). The heterogeneity of precipitating mechanisms means that a single trial of a single intervention is unlikely to be informative; a more productive approach would stratify by precipitant, evaluate treatment of the underlying condition as the intervention, and use mortality and hospital readmission as endpoints over at least twelve months. Until such evidence exists, the diagnostic sensitivity that identifies these patients confers information without a corresponding action.
The third priority concerns the threshold question. The one per cent missed-event rate that governs the design of every pathway discussed in this review has never been derived from patient preference data collected at scale, and the single randomised trial demonstrating that patients can participate meaningfully in this decision was conducted in a pre-selected low-risk group (Hess et al., 2016). Discrete choice experiments and preference elicitation studies conducted in representative emergency populations, including patients with limited health literacy and those facing language barriers, would establish whether the operative threshold reflects the preferences of those it affects. This work is inexpensive relative to its potential influence, since the threshold determines the efficiency of every pathway simultaneously.
The fourth priority is prospective evaluation of computational decision support in routine conditions. Current evidence establishes that continuous-probability models can classify more efficiently than fixed thresholds and that electrocardiographic models can detect occlusion missed by conventional criteria (Boeddinghaus et al., 2024; Doudesis et al., 2023; Gustafsson et al., 2026). What remains unknown is whether deployment changes clinician decisions, whether it changes them in the intended direction, and whether performance is maintained in populations and health systems distinct from those used in development, where external validation has already demonstrated attenuation (Lopez-Ayala et al., 2024). Stepped-wedge or cluster-randomised implementation studies with prespecified fidelity measurement, calibration monitoring and outcome endpoints are the appropriate design, and they should be conducted before rather than after widespread adoption.
The fifth priority is the generation of evidence in settings that the current literature does not represent. Diagnostic strategies developed where high-sensitivity assays, rapid imaging and specialist staffing are assumed cannot be transferred uncritically to systems where they are not, and the global distribution of ischaemic heart disease mortality makes this the largest population affected by the resulting evidence gap (GBD 2021 Causes of Death Collaborators, 2024). Research designed for these settings should evaluate strategies that are implementable within them, including single-sample approaches, point-of-care analysis and clinical scores requiring no biomarker, and should measure outcomes over horizons long enough to capture the consequences of non-conveyance and delayed presentation (Demandt et al., 2026).
A sixth and longer-term priority is the construction of a care pathway for patients whose chest pain is not cardiac. The evidence that cardiac anxiety persists after negative evaluation and responds to structured psychological intervention establishes both the problem and a tractable solution, but no trial has evaluated initiating such an intervention from the emergency department, and no health system routinely provides the referral route that would be required (Eriksson-Liebon et al., 2024; Frieling, 2018). Trials of emergency-initiated follow-up, with repeat attendance, symptom burden and functional status as endpoints, would address the largest patient group in this field and the one that current research most consistently neglects.
Two further directions are worth pursuing over a longer horizon. Prospective aetiological evaluation of patients presenting with infarction and non-obstructive coronary arteries, and of those with recurrent chest pain and no obstructive disease, would establish whether early mechanistic diagnosis alters subsequent presentation frequency and outcome (Kunadian et al., 2020; Reynolds et al., 2021). Finally, interventions targeting the triage stage, where disparities in acuity assignment have been documented and where structured decision aids cannot operate, deserve evaluation, since a disparity introduced before assessment propagates through every subsequent standardised step (Joseph et al., 2023; Mukhopadhyay et al., 2020).
[bookmark: conclusions]11. Conclusions
The evaluation of chest pain in the emergency department has been reconstructed over the past decade around high-sensitivity cardiac troponin measurement embedded in structured decision pathways, and the strongest conclusion supported by the evidence is that this reconstruction has succeeded on its own terms. Infarction can now be excluded in a large proportion of patients within one to three hours of arrival, using strategies that have been validated in multiple large prospective cohorts and that achieve negative predictive values high enough to support discharge. The differences between the principal competing algorithms and decision pathways are smaller than the volume of comparative literature implies, and the choice between them is determined more by assay availability, laboratory logistics and departmental case mix than by any demonstrable difference in safety.
The evidence supports a second conclusion with almost equal confidence, and it is less comfortable. Improved diagnostic classification has not been shown to improve patient outcomes. Randomised implementation of a more sensitive assay did not reduce subsequent infarction or death at one year or at five years, and early anatomical imaging in suspected acute coronary syndrome did not reduce death or subsequent infarction at one year. These results are consistent rather than isolated, and the most plausible explanation is that the additional patients identified largely have myocardial injury or type 2 infarction, for which no specific effective therapy has been established. The field has therefore improved its capacity to detect a condition without a corresponding improvement in its capacity to treat what it detects.
Several conclusions must be stated more tentatively. Algorithm performance is degraded in renal impairment, in older patients with chronic troponin elevation and in very early presenters, and the extent of that degradation is characterised adequately only for renal impairment. Sex-specific thresholds correct a demonstrable diagnostic deficit in women, but whether they improve outcomes depends on treatment that reclassified women receive less consistently than men, and this remains unresolved. Machine-learning approaches classify more efficiently than fixed thresholds in the cohorts where they have been evaluated, yet independent external validation has already shown attenuation of performance, and no prospective evaluation of their effect on clinical decisions exists.
The most consistent gap is not analytical but structural. Diagnostic effort concentrates overwhelmingly on excluding one condition in a population in which that condition is uncommon, while the conditions that pathways do not address, including acute aortic syndromes at the point where suspicion is not raised, infarction without obstructive coronary disease, and the large group whose pain is not cardiac at all, receive comparatively little attention in either research or service design. The threshold of acceptable risk that governs the entire enterprise rests on expert consensus rather than on the preferences of the patients it affects, and the evidence base that defines the international standard of care originates almost entirely from health systems that contain a minority of the global burden of ischaemic heart disease. Progress in this field now depends less on measuring troponin more precisely than on establishing what should be done with the information already available, for whom, and in what settings.
[bookmark: limitations]12. Limitations
This review is a narrative synthesis and carries the limitations intrinsic to that design. Selection of sources was purposive rather than exhaustive, and although eligibility criteria and appraisal approaches were specified in advance and applied consistently, the possibility of selection bias in the identification of studies and of interpretive bias in their appraisal cannot be excluded. A different reviewer applying the same criteria might have assembled a partially different evidence base and reached conclusions differing in emphasis, particularly regarding the relative weight given to accuracy evidence and outcome evidence.
Access to bibliographic resources was incomplete. Searching was conducted through a biomedical bibliographic index and a scholarly metadata registry, both of which were genuinely accessible, but no subscription-restricted citation index was available during preparation. Literature indexed exclusively in resources that could not be searched may therefore have been missed, and the absence of citation-tracking tools available in those resources limited the systematic identification of forward citations. Restriction to publications in English will have excluded relevant work, and the direction of any resulting bias cannot be determined.
The evidence base itself imposes constraints that no review design can overcome. Study designs are heterogeneous, encompassing diagnostic accuracy studies, prognostic cohorts, management studies, cluster-randomised implementation trials and prediction-model development, and their outcomes are defined inconsistently, particularly where composite endpoints include management-dependent components. This heterogeneity precluded quantitative synthesis, and no pooled estimates are presented. Comparisons between strategies in this review are therefore qualitative and structural rather than statistical, and readers should not infer that similarly described performance implies statistical equivalence.
Geographical representation is uneven to a degree that limits the generalisability of every conclusion drawn. The cohorts and trials examined originate predominantly from a small number of high-income health systems, and evidence from settings where diagnostic resources are constrained was too sparse to characterise. Publication bias is likely to affect the diagnostic accuracy literature, where studies reporting favourable performance of a new strategy are more likely to be published and more likely to be cited. Several important questions rest on observational evidence in which confounding by indication and by case mix cannot be excluded, particularly those concerning disparities in evaluation and treatment. The field is also developing rapidly, and conclusions regarding computational decision support in particular are provisional and may be superseded within a short period. Finally, long-term outcome data beyond one year are available for only a minority of the strategies discussed, so statements about durability of safety rest on a narrower evidence base than statements about short-term diagnostic performance.
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