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ABSTRACT

Acute coronary syndrome (ACS) remains one of the leading causes of morbidity and
mortality worldwide, accounting for a substantial proportion of emergency
department (ED) visits. Rapid and accurate identification of patients with ACS is
essential to optimize clinical outcomes, reduce unnecessary hospital admissions, and
improve healthcare efficiency. High-sensitivity cardiac troponin (hs-cTn) assays
have revolutionized the diagnostic approach to myocardial injury by enabling earlier
detection of myocardial necrosis with greater analytical precision than conventional
troponin assays. In recent years, several accelerated diagnostic pathways (ADPs)
incorporating hs-cTn measurements have been developed and validated for rapid
rule-out and rule-in of ACS in emergency settings. This systematic review and meta-
analysis aimed to evaluate the diagnostic performance, safety, and clinical utility of
hs-cTn-based accelerated diagnostic pathways in patients presenting with suspected
ACS.

A systematic search of PubMed, Embase, Web of Science, Scopus, and the
Cochrane Library conducted for studies published between January 2015 and
December 2025. Eligible studies assessed accelerated diagnostic protocols using hs-
cTn assays and reported diagnostic accuracy outcomes. Pooled sensitivity,
specificity, negative predictive value (NPV), positive predictive value (PPV), and
diagnostic odds ratios calculated using random-effects meta-analysis models.
Heterogeneity assessed using the 12 statistic.

Thirty-two studies involving 78,456 patients met the inclusion criteria. The pooled
sensitivity for ruling out acute myocardial infarction was 98.7% (95% CI:98.1-
99.2%), while pooled specificity was 82.4% (95% CI:79.1-85.3%). The pooled NPV
exceeded 99%, supporting the safety of early discharge strategies. Accelerated
pathways significantly reduced emergency department length of stay and hospital
admissions without increasing major adverse cardiac events.

The findings suggest that hs-cTn-based accelerated diagnostic pathways provide
highly accurate and efficient strategies for evaluating suspected ACS in emergency
departments. Their widespread implementation may improve patient flow, optimize
resource utilization, and maintain patient safety while facilitating rapid clinical
decision-making.

Introduction

annually who present with chest pain or symptoms

Acute coronary syndrome (ACS) encompasses a
spectrum of clinical conditions resulting from acute
myocardial ischemia and remains one of the most
significant contributors to global cardiovascular
morbidity and  mortality [1]. Emergency
departments worldwide evaluate millions of patients

458

suggestive of ACS. While only a minority of these
individuals ultimately receive a diagnosis of acute
myocardial infarction (AMI), the potentially
catastrophic consequences of missed diagnoses
necessitate highly sensitive diagnostic approaches
[2-4]
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Historically, the diagnosis of AMI relied upon
clinical presentation, electrocardiographic findings,
and serial measurements of conventional cardiac
biomarkers. However, conventional troponin assays
often-required prolonged observation periods due to
limited analytical sensitivity during the early hours
following symptom onset [3-7]. This diagnostic
uncertainty frequently resulted in unnecessary
admissions, increased healthcare expenditures,
emergency department overcrowding, and delayed
patient management.

The introduction of high-sensitivity cardiac troponin
(hs-cTn) assays has transformed contemporary
cardiovascular diagnostics. These assays can detect
extremely low concentrations of cardiac troponin
with excellent analytical precision, allowing
clinicians to identify myocardial injury earlier than
previously possible [8-11]. According to the Fourth
Universal Definition of Myocardial Infarction,
elevated cardiac troponin values above the 99th
percentile upper reference limit constitute a
fundamental criterion for myocardial injury and
AMI diagnosis [12-16].

Beyond enhanced analytical sensitivity, hs-cTn
assays have facilitated the development of
accelerated diagnostic pathways (ADPSs). These
pathways integrate serial hs-cTn measurements with
clinical risk assessment tools and
electrocardiographic findings to expedite decision-
making. Commonly implemented algorithms
include the European Society of Cardiology (ESC)
0/1-hour pathway, the ESC 0/2-hour algorithm, the
High-STEACS pathway, and several institution-
specific protocols [17].

The principal objective of accelerated diagnostic
pathways is to identify low-risk patients safely
discharged while simultaneously facilitating prompt
treatment for high-risk individuals. This dual
function offers substantial benefits for patients and
healthcare systems. Rapid rule-out strategies reduce
emergency department crowding and healthcare
costs, whereas rapid rule-in protocols support timely
reperfusion and evidence-based interventions [18].
The adoption of hs-cTn-based algorithms has
accelerated by mounting evidence demonstrating
their safety and effectiveness. Numerous
prospective cohort studies and randomized trials
have reported excellent sensitivity and negative
predictive values exceeding 99% for the exclusion
of AMI [19-22]. Nevertheless, variability exists
among studies regarding assay platforms, threshold
values, patient populations, and implementation
strategies.  Such  heterogeneity = complicates
interpretation and may limit generalizability across
clinical settings.

Furthermore, concerns have raised regarding the
increased detection of myocardial injury unrelated to
ACS. Because hs-cTn assays detect very small
elevations, clinicians frequently encounter positive
results in patients with heart failure, renal
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dysfunction, myocarditis, pulmonary embolism, and
other non-ischemic conditions [23]. These findings
underscore the importance of integrating biomarker
data with clinical judgment and risk stratification.
Meta-analytic evidence has emerged to clarify the
overall diagnostic performance of hs-cTn-based
pathways. However, the rapid evolution of assay
technologies and the publication of numerous recent
validation studies necessitate ongoing synthesis of
evidence. Contemporary analyses must incorporate
newer pathways, larger patient populations, updated
guideline recommendations [24-27].

This systematic review and meta-analysis therefore
aimed to evaluate the diagnostic accuracy, clinical
safety, and operational effectiveness of hs-cTn-
based accelerated diagnostic pathways for suspected
ACS in emergency departments. Specifically, the
study sought to quantify pooled sensitivity,
specificity, predictive values, and clinical outcomes
associated with accelerated diagnostic protocols.
The findings intended to inform clinicians,
policymakers, and healthcare  organizations
regarding the optimal use of hs-cTn strategies in
emergency cardiovascular care [28-30].

Literature Review

The development of cardiac troponin assays
represents one of the most significant advances in
cardiovascular diagnostics over the past three
decades. Troponins are regulatory proteins involved
in cardiac muscle contraction and released into the
bloodstream following myocardial injury. Their
superior specificity for myocardial tissue led to
widespread adoption as the preferred biomarker for
diagnosing myocardial infarction [31-34]
Early-generation troponin assays demonstrated
important clinical utility but limited by relatively
poor analytical sensitivity during the initial hours
following symptom onset. Consequently, clinicians
often relied on serial biomarker measurements over
6-12 hours to exclude AMI, resulting in prolonged
observation periods [35-37]

The introduction of high-sensitivity cardiac troponin
assays  significantly  improved  diagnostic
capabilities. High-sensitivity assays are capable of
detecting measurable troponin concentrations in
more than 50% of healthy individuals while
maintaining acceptable analytical precision at low
concentrations [38-41]. This enhanced sensitivity
enables earlier identification of myocardial injury
and supports rapid diagnostic algorithms.

Several landmark studies contributed to the
validation of hs-cTn-based accelerated diagnostic
pathways. Reichlin et al. (2009) demonstrated that
hs-cTn assays improved early diagnosis of
myocardial infarction compared with conventional
biomarkers. Subsequent investigations confirmed
that serial hs-cTn measurements obtained within one
to three hours could safely exclude AMI in a



substantial proportion of emergency department
patients [42-44].

The European Society of Cardiology played a
central role in promoting accelerated diagnostic
strategies. ESC guidelines introduced the 0/1-hour
algorithm, which combines baseline hs-cTn
measurements with repeat testing after one hour
(Roffi et al.,2016). Multiple validation studies
reported sensitivities exceeding 98% and NPVs
approaching 100% for AMI exclusion [45-49].
Similarly, the High-STEACS pathway sought to
improve diagnostic precision through optimized hs-
cTn thresholds and serial testing. Chapman et al.
(2017) reported substantial improvements in early
diagnosis while reducing unnecessary admissions.
The pathway subsequently influenced clinical
practice across several healthcare systems.

Research has consistently demonstrated operational
benefits associated with accelerated diagnostic
pathways. Mokhtari et al. (2017) observed
significant reductions in emergency department
length of stay among patients managed using hs-cTn
algorithms. Such improvements are particularly
relevant in modern healthcare systems facing
increasing patient volumes and resource constraints.
Numerous meta-analyses have evaluated the
diagnostic performance of hs-cTn strategies.
Pickering et al. (2017) reported pooled sensitivities
exceeding 97% for several accelerated protocols.
Similarly, Chiang et al. (2020) concluded that hs-
cTn pathways effectively balance diagnostic
accuracy with healthcare efficiency [50-52].
Despite these advantages, challenges remain.
Elevated hs-cTn concentrations may reflect
myocardial injury unrelated to ACS. Shah et al.
(2018) demonstrated that chronic kidney disease,
heart failure, and structural cardiac abnormalities
frequently produce detectable hs-cTn elevations.
Consequently, clinicians must interpret biomarker
results within broader clinical contexts [53-55].
Another area of investigation concerns sex-specific
thresholds. Research indicates that women generally
exhibit lower troponin concentrations than men,
raising concerns regarding underdiagnosis when
uniform cutoffs are applied (Sandoval et al.,2020).
Emerging evidence suggests that sex-specific
reference limits may improve diagnostic accuracy
and equity.

Recent studies have also explored artificial
intelligence and machine-learning approaches
integrated with hs-cTn measurements. These
technologies aim to enhance risk stratification by
incorporating demographic, clinical,
electrocardiographic, and biomarker data into
predictive models. Preliminary findings suggest
promising improvements in diagnostic precision and
individualized risk assessment. Overall, the
literature demonstrates robust support for hs-cTn-
based accelerated diagnostic pathways as safe and
effective tools for evaluating suspected ACS.
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However, continued research is required to optimize
implementation strategies, refine threshold values,
and address population-specific considerations. The
present systematic review and meta-analysis seek to
build upon this foundation by synthesizing
contemporary evidence from a large and diverse
patient population [56-58].

Methodology

This study conducted as a systematic review and
meta-analysis following the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA,2020) guidelines (Page et al.,2021). The
primary objective was to evaluate the diagnostic
performance and clinical utility of high-sensitivity
cardiac  troponin  (hs-cTn)-based accelerated
diagnostic pathways (ADPs) for patients presenting
with suspected acute coronary syndrome (ACS) in
emergency departments.

A comprehensive literature search performed across
PubMed, Embase, Scopus, Web of Science, and the
Cochrane Library. Studies published between
January 2015 and December 2025 considered
eligible. Search terms included combinations of
“high-sensitivity cardiac troponin,” “acute coronary

syndrome,”  “acute  myocardial  infarction,”
“accelerated  diagnostic pathway,”  “0/1-hour
algorithm,” “0/2-hour algorithm,” “emergency

department,” and “diagnostic accuracy.” Reference
lists of relevant reviews and included studies also
manually screened to identify additional eligible
publications.

Studies were included if they: (1) enrolled adult
patients presenting with suspected ACS in
emergency settings; (2) evaluated accelerated
diagnostic pathways incorporating hs-cTn assays;
(3) reported diagnostic performance outcomes such
as sensitivity, specificity, negative predictive value
(NPV), or positive predictive value (PPV); and (4)
provided sufficient data for quantitative synthesis.
Studies involving pediatric populations, case
reports, conference abstracts, or lacking primary
outcome data excluded.

Two independent reviewers screened titles,
abstracts, and full-text articles. Discrepancies were
resolved through discussion and consensus. Data
extracted included study characteristics, sample
size, patient demographics, hs-cTn assay type,
diagnostic algorithm, follow-up duration, and
clinical outcomes. Risk of bias assessed using the
QUADAS-2 tool (Whiting et al.,2011).
Meta-analyses performed using random-effects
models due to expected clinical and methodological
heterogeneity (Der Simonian & Laird,1986). Pooled
estimates of sensitivity, specificity, NPV, PPV, and
diagnostic odds ratios calculated with 95%
confidence intervals. Heterogeneity assessed using
Cochran’s Q statistic and the I* index (Higgins et
al.,2003). Publication bias evaluated through funnel
plot inspection and Egger’s regression analysis.



Statistical analyses were conducted using Review
Manager (Rev Man 5.4) and Stata Version 18.0.
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Figure 1. Methodologies

Results

Table 1. Characteristics of Included Studies

Variable Value

Number of studies
Total participants
Mean age (years)
Male (%)
Countries represented
Prospective studies (%)
Multicenter studies (%)
Follow-up period

The systematic review identified 32 eligible studies
involving a combined population of 78,456 patients
presenting to emergency departments with
symptoms suggestive of acute coronary syndrome.
The substantial sample size strengthens the
reliability and external validity of the findings,
allowing meaningful conclusions regarding the
effectiveness of hs-cTn-based accelerated diagnostic
pathways across diverse healthcare environments.

The demographic profile of included patients was
consistent with populations commonly encountered
in cardiovascular emergency care. The mean age of
61.8 years reflects the increasing prevalence of
coronary artery disease among older adults.
Additionally, males accounted for approximately
59% of participants, consistent with epidemiological
data indicating a higher incidence of ACS among
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32
78,456
61.8+85
58.7
17
84.4
71.9
30-365 days

men, although sex differences in symptom
presentation remain clinically important. A notable
strength of the included evidence is its geographical
diversity. Studies originated from 17 countries
across North America, Europe, Asia, and Oceania.
This  broad representation  enhances the
generalizability of findings and suggests that hs-
cTn-based pathways perform consistently across
various healthcare systems and patient populations.
Most studies employed prospective designs, which
reduce recall bias and improve methodological
rigor. Furthermore, more than 70% of investigations
were multicenter studies, reducing the risk of
institution-specific  influences on  diagnostic
performance. The predominance of multicenter
evidence increases confidence that observed



outcomes are attributable to diagnostic pathways
rather than local clinical practices.

Follow-up periods ranged from 30 days to one year.
This variation allowed assessment of both short-
term and intermediate-term clinical outcomes,
including major adverse cardiac events (MACE),
recurrent myocardial infarction, and mortality.
Longer follow-up durations are particularly valuable
because they provide reassurance regarding the
safety of early discharge decisions based on
accelerated diagnostic protocols [59-62].

Another important observation concerns the
increasing adoption of hs-cTn assays worldwide.
Most studies evaluated contemporary diagnostic
algorithms incorporating hs-cTnl or hs-cTnT
platforms. The widespread use of these biomarkers
reflects growing recognition of their analytical
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advantages and alignment with international clinical
guidelines. The heterogeneity of healthcare settings
represented in the included studies also deserves
consideration. Participants recruited from tertiary
academic hospitals, regional medical centers, and
community hospitals. Despite differences in patient
populations and clinical resources, diagnostic
outcomes remained remarkably consistent. Such
findings support the robustness of hs-cTn-based
accelerated pathways. Overall, Table 1 demonstrates
that the evidence base underlying this meta-analysis
is extensive, geographically diverse, and
methodologically rigorous. These characteristics
provide a strong foundation for subsequent pooled
analyses and strengthen confidence in the overall
conclusions regarding diagnostic performance and
clinical utility.

Table 2. Pooled Diagnostic Accuracy Outcomes

Outcome
Sensitivity
Specificity

Negative Predictive Value
Positive Predictive Value
Diagnostic Odds Ratio

The pooled diagnostic accuracy results provide
compelling evidence supporting the effectiveness of
hs-cTn-based accelerated diagnostic pathways for
evaluating suspected acute coronary syndrome. The
most clinically important finding is the
exceptionally high-pooled sensitivity of 98.7%,
indicating that the vast majority of patients with
acute myocardial infarction were correctly identified
by the evaluated algorithms.

High sensitivity is particularly important in
emergency medicine because missed myocardial
infarctions can lead to severe adverse outcomes,
including death, heart failure, and recurrent ischemic
events. The observed sensitivity exceeds thresholds
typically considered acceptable for clinical
implementation and supports the safety of
accelerated rule-out strategies [63-66].

Equally noteworthy is the pooled negative predictive
value of 99.3%. This result suggests that patients
classified as low risk by hs-cTn pathways have an
extremely low probability of experiencing missed
myocardial infarction. Such performance is critical
because accelerated diagnostic pathways primarily
designed to identify patients suitable for safe early
discharge. The pooled specificity of 82.4% was
lower than sensitivity but remained clinically
meaningful. While some false-positive
classifications occurred, specificity at this level
allows efficient identification of patients requiring
further evaluation. The balance between sensitivity
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Pooled Estimate 95% CI
98.7% 98.1-99.2
82.4% 79.1-85.3
99.3% 99.0-99.6
68.9% 64.1-73.2
218.5 176.3-270.7

and specificity reflects the intended purpose of
accelerated diagnostic pathways, which prioritize
patient safety while maintaining reasonable
diagnostic efficiency.

Positive predictive value was more modest at
approximately 69%. This finding reflects the
relatively low prevalence of myocardial infarction
among emergency department chest pain
populations. Positive predictive values influenced
by disease prevalence, and therefore lower PPVs do
not necessarily indicate poor test performance.

The diagnostic odds ratio exceeded 200, indicating
excellent discriminatory ability. Diagnostic odds
ratios summarize overall test performance by
combining sensitivity and specificity into a single
metric. Values above 100 generally indicate
exceptionally strong diagnostic performance. The
narrow confidence intervals observed across most
measures suggest statistical stability and reliability
of pooled estimates. Despite differences in study
populations and assay platforms, diagnostic
accuracy remained consistently high across studies.
These findings strongly support current guideline
recommendations advocating hs-cTn-based
accelerated diagnostic  pathways for ACS
evaluation. The results also highlight the capacity of
these pathways to achieve high patient safety and
operational efficiency.
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Table 3. Clinical Outcomes Following Accelerated Diagnostic Pathway Implementation

Outcome
Early discharge rate
Hospital admission reduction
Major adverse cardiac events (30 days)
All-cause mortality (30 days)
Recurrent M1 (30 days)

The clinical outcomes associated with hs-cTn-based
accelerated diagnostic pathways demonstrate
substantial benefits extending beyond diagnostic
accuracy alone. More than half of evaluated patients
safely discharged from the emergency department
without prolonged observation or hospitalization.
This finding has major implications for healthcare
resource utilization.

Emergency department overcrowding represents a
persistent challenge  worldwide.  Accelerated
pathways contribute to improved patient flow by
rapidly identifying low-risk individuals suitable for
discharge. The observed early discharge rate of
nearly 53% suggests that implementation of these
protocols could substantially alleviate emergency
department congestion.

Hospital admissions reduced by approximately one-
third. This reduction has important economic
implications because inpatient care constitutes a
major contributor to healthcare expenditures.
Avoiding unnecessary admissions may allow
healthcare systems to allocate resources more
effectively while maintaining high-quality patient
care.

Pooled Estimate
52.8%
31.5%
0.5%
0.2%
0.3%

Importantly, reductions in hospitalization did not
compromise patient safety. The pooled incidence of
major adverse cardiac events at 30 days was only
0.5%, indicating that early discharge decisions were
generally appropriate. Similarly, mortality and
recurrent myocardial infarction rates remained
exceptionally low.

These findings reinforce the safety profile of
accelerated diagnostic pathways. Clinicians may
therefore feel more confident discharging low-risk
patients identified through validated hs-cTn
algorithms. Such confidence is critical for
widespread  implementation and  sustained
adherence to evidence-based protocols. The
consistency of favorable outcomes across multiple
studies further strengthens the evidence supporting
accelerated diagnostic pathways. Regardless of
geographical location, healthcare system structure,
or assay platform, implementation was associated
with similar benefits. Overall, Table 3 highlights the
substantial clinical and operational advantages of hs-
cTn-based accelerated diagnostic pathways and
supports their continued integration into emergency
cardiovascular care.

Table 4. Heterogeneity and Subgroup Analysis

Subgroup

ESC 0/1-hour

ESC 0/2-hour
High-STEACS
Other Pathways

Subgroup analyses revealed consistently high
sensitivity across all evaluated accelerated
diagnostic pathways. The ESC 0/1-hour algorithm
demonstrated the highest sensitivity, exceeding
99%, while maintaining favorable specificity. These
findings support current European Society of
Cardiology recommendations favoring rapid
diagnostic protocols.

The High-STEACS pathway exhibited the highest
specificity among evaluated algorithms. Increased
specificity may reduce unnecessary admissions and
downstream testing while maintaining excellent
sensitivity. Such characteristics make High-
STEACS particularly attractive in healthcare
environments prioritizing resource optimization.
Heterogeneity levels were generally low to
moderate, with 12 values ranging from 26% to 42%.
These findings indicate reasonable consistency
across studies despite variations in patient
populations, assay platforms, and clinical settings.
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Sensitivity (%) Specificity (%)
99.1 84.2 28
98.6 81.4 34
98.8 85.1 26
97.9 79.3 42

The relatively low heterogeneity strengthens
confidence in pooled estimates.
Subgroup analyses also demonstrated that

diagnostic performance remained robust across
different hs-cTn assays. Whether investigators
employed hs-cTnl or hs-cTnT platforms, sensitivity
and NPV remained exceptionally high. This
consistency suggests that clinical effectiveness
depends  more  on  structured  pathway
implementation than on specific assay brands.

The slightly higher heterogeneity observed among
"other  pathways" likely  reflects greater
methodological variability and less standardized
implementation strategies. Nevertheless, even these
pathways achieved excellent diagnostic
performance.

Taken together, subgroup analyses indicate that
multiple hs-cTn-based accelerated diagnostic
pathways successfully implemented in emergency
departments. While certain algorithms may offer
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modest advantages in sensitivity or specificity, all
evaluated strategies demonstrated strong clinical
performance and safety.

Sensitivity (95% CI)

99.1%

98.6%

98.8%

98.4%

97.9%

ESC ©/1-hour .
ESC 0/2-hour .
High-STEACS °
APACE 3
EDACS-ADP 3
Pooled Effect *
95 96 97 98 99

¢ 98.7%

100

Figure 1. Forest Plot of Sensitivity for Rule-Out of Acute Myocardial Infarction

Study/Pathway
ESC 0/1-hour Algorithm
ESC 0/2-hour Algorithm
High-STEACS Pathway

APACE Protocol

EDACS-ADP

Pooled Effect

Forest Plot Representation
v' Sensitivity (95% ClI)

Interpretation: The pooled sensitivity of 98.7%
indicates excellent ability of hs-cTn accelerated

Specificity (95% CI)

Sensitivity 95% ClI
99.1% 98.5-99.7
98.6% 97.8-99.3
98.8% 98.1-99.4
98.4% 97.5-99.1
97.9% 96.8-98.9
98.7% 98.1-99.2

diagnostic pathways to identify acute myocardial
infarction. All evaluated protocols demonstrated
sensitivities exceeding 97%, supporting their safety
for clinical implementation.

ESC ©/1-hour ° | 84.2%
ESC ©/2-hour ° | 81.4%
High-STEACS ° | 85.1%
APACE ° | 80.5%
EDACS-ADP . | 79.3%
Pooled Effect * | & 82.4%
70 75 80 85 90
Figure 2. Forest Plot of Specificity
Study/Pathway Specificity 95% ClI
ESC 0/1-hour Algorithm 84.2% 81.7-86.4
ESC 0/2-hour Algorithm 81.4% 78.5-84.0
High-STEACS Pathway 85.1% 82.6-87.5
APACE Protocol 80.5% 77.8-83.1
EDACS-ADP 79.3% 76.4-82.0
Pooled Effect 82.4% 79.1-85.3
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Forest Plot Representation demonstrates strong discriminatory capability and
v’ Specificity (95% ClI) supports efficient patient triage in emergency
departments.

Interpretation: Although specificity was lower
than sensitivity, the pooled estimate of 82.4%

Negative Predictive Value (95% CI)

ESC ©/1-hour . | 99.5%
ESC 0/2-hour . | 99.2%
High-STEACS o | 99.4%
EDACS-ADP . | 99.0%
APACE o | 99.3%
Pooled Effect . | ® 99.3%

98.0 98.5 99.0 99.5 100
Figure 3. Forest Plot of Negative Predictive Value (NPV)

Pathway NPV 95% ClI

ESC 0/1-hour 99.5% 99.1-99.8

ESC 0/2-hour 99.2% 98.8-99.6

High-STEACS 99.4% 99.0-99.8

EDACS-ADP 99.0% 98.5-99.4

APACE 99.3% 98.9-99.7

Pooled Effect 99.3% 99.0-99.6
Forest Plot Representation cTn accelerated pathways generally discharged
v" Negative Predictive Value (95% CI) safely with minimal risk of missed myocardial

infarction.

Interpretation: The extremely high-pooled NPV
confirms that patients classified as low risk by hs-

30-Day MACE Rate (95% CI)

ESC ©/1-hour e | o.a%
ESC ©/2-hour e | ©.5%
High-STEACS s | e.4a%
EDACS - ADP - | o.6%
APACE - | e.5%
Pooled Effect - | < ©.5%
e.e e.s 1. 1 -5

Figure 4. Forest Plot of Major Adverse Cardiac Events (MACE)

Pathway Event Rate (%) 95% CI
ESC 0/1-hour 0.4 0.2-0.7
ESC 0/2-hour 0.5 0.3-0.8
High-STEACS 0.4 0.2-0.6
EDACS-ADP 0.6 0.3-0.9

APACE 0.5 0.2-0.8
Pooled Effect 0.5 0.3-0.7
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Forest Plot Representation
v' 30-Day MACE Rate (95% ClI)

Interpretation: The low-pooled incidence of
MACE demonstrates that accelerated discharge
decisions based on hs-cTn pathways are associated
with excellent short-term clinical safety.

Discussion

The present systematic review and meta-analysis
evaluated the diagnostic accuracy, safety, and
clinical utility of high-sensitivity cardiac troponin
(hs-cTn)-based accelerated diagnostic pathways for
suspected acute coronary syndrome in emergency
departments. The analysis included 32 studies
comprising more than 78,000 patients and
demonstrated that hs-cTn-based pathways provide
excellent diagnostic performance, particularly for
ruling out acute myocardial infarction [57].

One of the most significant findings was the pooled
sensitivity of 98.7%. This result is clinically
important because diagnostic pathways intended for
emergency use must minimize the risk of missed
myocardial infarction. A sensitivity approaching
99% suggests that very few patients with true
myocardial infarction incorrectly classified as low
risk. These findings are consistent with previous
investigations demonstrating the superior analytical
and clinical performance of high-sensitivity
troponin assays compared with conventional
biomarkers [58].

The pooled negative predictive value exceeding
99% further reinforces the safety of accelerated rule-
out strategies. In contemporary emergency
medicine, one of the major goals is to identify
patients who safely discharged without prolonged
observation or hospitalization. The observed NPV
indicates that patients categorized as low risk by hs-
cTn algorithms have an extremely low probability of
experiencing missed myocardial infarction or
adverse cardiac outcomes. The operational benefits
observed in this analysis are equally important.
More than half of patients discharged early, and
hospital admissions decreased by approximately
one-third. Such reductions have substantial
implications for healthcare systems facing
increasing patient volumes and resource limitations.
Emergency department overcrowding is associated
with delayed treatment, reduced patient satisfaction,
and increased healthcare costs. Accelerated
diagnostic pathways provide a practical solution to
these challenges by streamlining clinical decision-
making [59].

Subgroup analyses demonstrated consistently strong
performance across multiple diagnostic algorithms,
including the ESC 0/1-hour, ESC 0/2-hour, and
High-STEACS  pathways.  Although  minor
differences in sensitivity and specificity observed,
all evaluated protocols achieved clinically
acceptable performance. These findings suggest that
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healthcare institutions may select algorithms based
on local operational requirements and available
resources without compromising patient safety.
Despite these advantages, several challenges
remain. High-sensitivity troponin assays detect
myocardial injury rather than myocardial infarction
specifically. Elevated troponin concentrations may
occur in conditions such as heart failure,
myocarditis, pulmonary embolism, sepsis, and
chronic kidney disease. Consequently, clinicians
must interpret biomarker results within the broader
clinical context rather than relying solely on
laboratory findings [65].

Another important consideration involves sex-
specific diagnostic thresholds. Emerging evidence
suggests that women may have lower baseline
troponin concentrations than men, potentially
leading to underdiagnosis when uniform cutoffs are
applied. Future studies should continue evaluating
sex-specific thresholds and personalized diagnostic
approaches. The relatively low heterogeneity
observed in this meta-analysis strengthens
confidence in the findings. Nevertheless, variability
in assay platforms, patient demographics, and
healthcare systems may still influence diagnostic
performance. Future investigations should focus on
populations that remain underrepresented in current
research, including elderly patients, individuals with
multiple comorbidities, and patients presenting very
early after symptom onset.

Conclusion

This systematic review and meta-analysis evaluated
the diagnostic accuracy, safety, and clinical
effectiveness of high-sensitivity cardiac troponin
(hs-cTn)-based accelerated diagnostic pathways for
patients presenting with suspected acute coronary
syndrome (ACS) in emergency departments. By
synthesizing evidence from 32 studies involving
78,456  patients, the  analysis  provides
comprehensive support for the implementation of
hs-cTn-guided rapid assessment strategies in
contemporary emergency cardiovascular care. The
findings demonstrated exceptionally high diagnostic
performance across multiple accelerated diagnostic
pathways. The pooled sensitivity of 98.7% and
negative predictive value exceeding 99% indicate
that these protocols are highly effective for
identifying patients at very low risk of acute
myocardial infarction (AMI). Such performance is
particularly important in emergency medicine,
where failure to diagnose AMI may result in serious
morbidity, mortality, and medicolegal
consequences. The results confirm that hs-cTn-
based pathways provide a reliable framework for
safe clinical decision-making.

An important observation of this review is the
consistency of diagnostic accuracy across different
accelerated algorithms, including the ESC 0/1-hour
pathway, ESC 0/2-hour algorithm, High-STEACS



protocol, and other validated approaches. Although
minor differences in sensitivity and specificity were
observed, all major pathways achieved clinically
acceptable performance. This consistency suggests
that healthcare organizations can adopt evidence-
based protocols suited to local operational
requirements while maintaining high standards of
patient safety.

Beyond diagnostic accuracy, accelerated diagnostic
pathways demonstrated substantial operational and
economic benefits. More than half of evaluated
patients safely discharged early from the emergency
department, and hospital admissions reduced
significantly. These findings are particularly
relevant given the growing challenges of emergency
department overcrowding, healthcare resource
constraints, and increasing cardiovascular patient
volumes worldwide. Rapid rule-out protocols may
therefore improve patient flow, reduce healthcare
costs, and optimize allocation of clinical resources.
The review also confirmed the favorable safety
profile of accelerated diagnostic strategies. Rates of
major adverse cardiac events, recurrent myocardial
infarction, and short-term mortality remained
extremely low among patients classified as low risk.
These outcomes provide strong reassurance
regarding the safety of early discharge decisions
supported by hs-cTn algorithms.

Despite these advantages, several challenges
warrant continued investigation. Elevated hs-cTn
concentrations may occur in numerous non-
ischemic conditions, emphasizing the importance of
integrating biomarker findings with clinical
assessment, electrocardiographic interpretation, and
risk stratification tools. Future research should also
focus on  sex-specific thresholds, elderly
populations, patients with chronic kidney disease,
and the integration of artificial intelligence-based
risk prediction models.

In conclusion, high-sensitivity cardiac troponin-
based accelerated diagnostic pathways represent one
of the most important advances in contemporary
emergency  cardiovascular  medicine.  These
protocols provide outstanding diagnostic accuracy,
excellent patient safety, and significant operational
benefits. Their widespread implementation has the
potential to improve clinical outcomes, enhance
healthcare efficiency, and support evidence-based
management of patients presenting with suspected
acute coronary syndrome.
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