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Abstract
Objective  The European Society of Cardiology (ESC) 
0/1 hour algorithm has been primarily validated in 
Europe, America and Australasia with less knowledge 
of its performance outside of these settings. We aim to 
evaluate the performance of the ESC 0/1 hour algorithm 
across different contexts.
Methods  We searched PubMed, Embase, Scopus, 
Web of Science and the Cochrane Central Register of 
Controlled Trials for relevant studies published between 
1 January 2008 and 31 May 2019. The primary outcome 
was index myocardial infarction and the secondary 
outcome was major adverse cardiac event or mortality. 
A bivariate random-effects meta-analysis was used to 
derive the pooled estimate of each outcome.
Results  A total of 11 014 patients from 10 cohorts 
were analysed for the primary outcome. The algorithm 
based on high-sensitivity cardiac troponin (hs-cTn)
T (Roche), hs-cTnI (Abbott) and hs-cTnI (Siemens) had 
pooled sensitivity of 98.4% (95% CI=95.1% to 99.5%), 
98.1% (95% CI=94.6% to 99.3%) and 98.7% (95% 
CI=97.3% to 99.3%), respectively. The algorithm 
based on hs-cTnT (Roche) and hs-cTnI (Siemens) had 
pooled specificity of 91.2% (95% CI=86.0% to 94.6%) 
and 95.9% (95% CI=94.1% to 97.2%), respectively. 
Among patients in the rule-out category, the pooled 
mortality rate at 30 days and at 1 year was 0.1% (95% 
CI=0.0% to 0.4%) and 0.8% (95% CI=0.5% to 1.2%), 
respectively. Among patients in the observation zone, 
the pooled mortality rate was 0.7% (95% CI=0.3% to 
1.2%) at 30 days but increased to 8.1% (95% CI=6.1% 
to 10.4%) at 1 year, comparable to the mortality rate in 
the rule-in group.
Conclusion  The ESC 0/1 hour algorithm has high 
diagnostic accuracy but may not be sufficiently safe if the 
1% miss-rate for myocardial infarction is desired.
PROSPERO registration 
number  CRD42019142280.

Introduction
Chest pain and associated symptoms constitute a 
significant proportion of the emergency depart-
ment (ED) visits.1 2 However, only 10%–20% of 
the patients presenting with these complaints are 
eventually diagnosed with acute myocardial infarc-
tion (AMI).3 Timely diagnosis of AMI is essential 

because early revascularisation with an evidence-
based care bundle can decrease mortality.4

The recent introduction of high-sensitivity cardiac 
troponin (hs-cTn) assays has allowed the develop-
ment of several rapid triage protocols, including 
the European Society of Cardiology (ESC) 0/1 
hour algorithm.5 This approach combines a very 
low hs-cTn at initial ED presentation and dynamic 
change of hs-cTn values between 0 and 1 hour to 
triage patients into rule-out, observation and rule-in 
categories, allowing clinical decision making in just 
over 2–3 hours.

Even though the ESC 0/1 hour algorithm has 
been validated in a large number of prospective 
studies6–12, use of this algorithm has been limited to 
less than 15% of the hospital institutions globally.13 
Because the algorithm has primarily been evalu-
ated in Europe, America and Australasia,6–9 there 
are some concerns about its safety outside of these 
settings. Furthermore, the reported diagnostic accu-
racies seem to be discrepant across different popu-
lation cohorts.14–16

Previous meta-analyses have focused on the 
utility of a single hs-cTn test at ED presentation to 
rule out AMI.17–22 The diagnostic accuracy of the 
0/1 hour delta change of hs-cTn, which is central 
to the ESC algorithm, has not been evaluated. 
Importantly, none of these studies reported on the 
prognostic significance of the hs-cTn assays based 
on the respective triage categories. The outcome of 
patients that fall into the rule-out and observation 
group is of great importance for clinical decision 
making.

To address these knowledge gaps, we conducted 
a systematic review and meta-analysis to investigate 
the accuracy estimates and prognostic values of the 
ESC 0/1 hour algorithm.

Methods
This study was conducted in accordance with the 
Preferred Reporting Items for Systematic Review 
and Meta-analysis of Diagnostic Test Accuracy 
Studies23 and Meta-analyses Of Observational 
Studies in Epidemiology guidelines.24 The review 
protocol was registered on the PROSPERO data-
base. Patients or the public were not involved in the 
design, or conduct, or reporting, or dissemination 
plans of this research.
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Figure 1  Flowchart describing the process of study selection. AMI, 
acute myocardial infarction; hs-cTn, high-sensitivity cardiac troponin.

Search strategy
We searched PubMed and Embase for studies published between 
1 January 2008 (when the first hs-cTnI assay was released) and 31 
May 2019 using a protocol (online supplementary table 1) that 
incorporated keywords myocardial infarction, troponin, 0/1 hour 
algorithm and emergency department. References for original 
and review articles were manually searched. An updated search 
on Scopus, Web of Science and the Cochrane Central Register of 
Controlled Trials was performed to ensure the completeness of 
data search. There were no restrictions on language. Articles that 
were published in languages other than English were translated 
and interpreted using Google translation.

Study selection
Three reviewers (C-HC, C-HC, GHL) independently screened 
the titles and abstracts to identify potentially relevant studies. 
Full texts of relevant publications were screened independently 
by three reviewers (C-HC, C-HC, GHL). A fourth reviewer 
(C-CL) confirmed the inclusion or exclusion of the studies.

Eligible studies were prospective cohort studies that evaluated 
the diagnostic accuracy of the ESC 0/1 hour algorithm in patients 
presenting to the ED with suspected non-ST elevation myocar-
dial infarction (NSTEMI) or acute coronary syndrome (ACS). 
Studies that evaluated the high-sensitivity cardiac troponin T 
(hs-cTnT) (Roche) and high-sensitivity cardiac troponin I (hs-
cTnI) (Abbott) assays were included.5 Studies that assessed the 
hs-cTnI (Diemension Vista) assay were excluded. Studies on 
other assays that were not yet recommended by the 2015 ESC 
guidelines were included if there were three or more cohorts 
available.

Studies should use myocardial infarction as the primary 
endpoint based on the contemporary universal definition.25 
Studies should exclude patients with initial diagnosis of STEMI, 
or include sub-group data on only patients with NSTEMI. 
Studies that used major adverse cardiovascular events (MACE) 
or mortality as the primary endpoint were also included for anal-
ysis of the safety profile. Conference papers were only included 
if there were no previous original articles published. For cohorts 
with multiple publications that have identical study endpoints 
and overlapping recruitment periods, only the study with the 
largest sample size or most complete datasets was included 
(online supplementary methods).

Data extraction
Three reviewers (C-HC, C-HC, GHL) independently abstracted 
data on study demographics, and both primary and secondary 
outcomes. The primary endpoint was index admission AMI 
based on the universal definition of AMI, and the secondary 
endpoints were death and occurrence of MACE.

Quality assessment
The methodological quality of included studies was assessed 
by two reviewers (C-HC and C-HC) using the Quality Assess-
ment of Diagnostic Accuracy Studies-2 tool (online supplemen-
tary tables 2 and 3).26 Any discrepancies were resolved through 
discussion with a third reviewer (GHL).

Data synthesis and analysis
Since the ESC 0/1 hour algorithms categorised patients into 
rule-out, observation and rule-in groups, we calculated pooled 
sensitivity, negative predictive value (NPV), and negative likeli-
hood ratios (LR-) for the rule-out group, and pooled specificity, 
positive predictive value (PPV), and positive likelihood ratios 

(LR+) for the rule-in group separately. We computed triage 
efficacy as the proportion of patients that were placed in the 
respective triage groups. Accuracy estimates were pooled using 
bivariate random-effects regression models. The between-study 
variation was quantified by I2 statistics. The presence and effect 
of publication bias were examined using the Deek’s test.27 We 
performed a meta-analysis of proportions to compare the rate 
of adverse events and proportion of patients in different triage 
groups. We conducted sensitivity analyses based on risks of bias. 
Continuous variables were described as mean or median with 
95% CI or IQR, categorical variables as numbers and percent-
ages. All analyses were calculated by the ‘midas,’ ‘metabias,’ 
'Fagani’ and ‘metaprop’ package in STATA V.14.0 or R software 
V.3.5.3.

Results
Initial electronic database searches yielded 385 hits. After title 
and abstract screening, 54 studies were eligible for full-text 
review. After full-text review, a total of 15 studies were included 
for analysis(figure 1)6 7 9 14–16 28–36.

Characteristics of included studies
Overall, 64% (range, 40% to 70%) of 11 014 participants were 
male, with a mean age of 61 years (range, 55–72 years). The 
prevalence of AMI ranged from 2% to 32%, with an overall 
pooled prevalence of 16%. The time from ED presentation to 
first sample collection ranged from 14.9 min to 28 min, and 
the time from first to second sample collection ranged from 60 
min to 65 min (table 1). The key characteristics and details of 
accuracy estimates of all included studies are described in online 
supplementary tables 4 to 8.

Quality assessment
All studies prospectively recruited patients presenting to the 
ED with symptoms suggestive of AMI. Some studies enrolled 
consecutive or random samples of patients (online supplemen-
tary figure 1 and table 3). Most studies used pre-specified cut-
off points to classify patients; three studies derived the 0/1 hour 
algorithm.6 7 29 In all studies, AMI was defined according to the 

 on A
pril 17, 2024 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/heartjnl-2019-316343 on 3 A

pril 2020. D
ow

nloaded from
 

https://dx.doi.org/10.1136/heartjnl-2019-316343
https://dx.doi.org/10.1136/heartjnl-2019-316343
https://dx.doi.org/10.1136/heartjnl-2019-316343
https://dx.doi.org/10.1136/heartjnl-2019-316343
https://dx.doi.org/10.1136/heartjnl-2019-316343
https://dx.doi.org/10.1136/heartjnl-2019-316343
https://dx.doi.org/10.1136/heartjnl-2019-316343
https://dx.doi.org/10.1136/heartjnl-2019-316343
http://heart.bmj.com/


987Chiang C-H, et al. Heart 2020;106:985–991. doi:10.1136/heartjnl-2019-316343

Coronary artery disease

Table 1  Characteristics of studies included in the systematic review

Cohort Study (author)
Mean age (95% 
CI)

Sample 
size

Male 
(%)

AMI 
prevalence 
(%)

Median 
presentation 
time (min)

Median time from 
presentation to 
first sample (min)

Median time 
between first 
and second 
sample (min) hs-cTn assay

APACE 
(derivation)

Reichlin et al6 63 (50 to 75) 436 70 17 NA NA NA hs-cTnT-Roche

Gimenez et al7 62 (49 to 62) 905 69 21 NA NA NA hs-cTnI-Abbott

APACE-BACC Twerenbold et al28 62 (50 to 74) 4368 67 17 NA 0 60 (59–68) hs-cTnT-Roche and 
hs-cTnI-Abbott

APACE only Boeddinghaus 
et al29

62 (49 to 75) 1347 69 18 NA NA NA hs-cTnI-Siemens

HIGHSTEAC Chapman et al30 31 62±14.2 406 61 8 199 28 65 (60–73) hs-cTnI-Abbott and 
hs-cTnI-Siemens

Barcelona Duran-Cambra 
et al16

68±15 187 64 13 NA NA NA hs-cTnT-Roche

Parkland Vigen et al15 55 536 56 2 NA NA NA hs-cTnT-Roche

TRAPID Mueller et al9 62 (50 to 74) 1282 63 15 108 (60–174) NA NA hs-cTnT-Roche

Japan–Taiwan Shiozaki et al14 72 (59 to 81) 413 61 14 NA NA NA hs-cTnT-Roche

HIGH-US Nowak et al35 56.7±12.9 2111 57 15 NA NA NA hs-cTnI-Siemens

REACTION-US Gandolfo et al34 NA 543 NA 8 NA NA NA hs-cTnT-Roche

Fuwai Lin et al36 59.5 (58.2 to 60.8) 283 NA 32 NA NA NA hs-cTnI-Abbott

Bangkok* Ruangsomboon 
et al32

67±14.2 65 40 NA 186 14.9 NA hs-cTnT-Roche

Lund* Mokhtari et al33 61±7.5 1038 54 NA NA NA NA hs-cTnT-Roche

*These cohorts were included for analysis of secondary outcome, that is, major adverse cardiac events or mortality.
AMI, acute myocardial infarction; APACE, advantageous predictors of acute coronary syndromes evaluation; BACC, biomarkers in acute cardiac care; HIGHSTEACS, high-sensitivity 
troponin in the evaluation of patients with acute coronary syndrome; HIGH-US, high-sensitivity cardiac troponin I assays in the United States; hs-cTn, high-sensitivity cardiac 
troponin; NA, Not available; REACTION-US, Rapid evaluation of acute myocardial infarction in the United States; TRAPID, the high sensitivity cardiac troponin T assay for rapid 
rule-out of acute myocardial infarction.

Global Task Force and adjudicated independently by two or 
three physicians.25 In three studies, researchers who adjudicated 
the outcomes were blinded to the results of the index test.9 14 33 
Six studies that did not employ blinding during the adjudication 
process also used hs-cTn clinically for adjudication of MI.6 7 28–31 
Several studies did not include all eligible patients for analysis 
because of missing data, most commonly due to missing samples 
at 1 hour.

Rule-out performance
Based on hs-cTnT (Roche), the algorithm ruled out 55% of the 
patients as low risk for AMI, with a pooled sensitivity of 98.4% 
(95% CI=95.1% to 99.5%; I2=29%) and NPV of 99.6% (95% 
CI=99.0% to 99.9%) (figure 2 and online supplementary table 
9). Similarly for hs-cTnI (Abbott) and hs-cTnI (Siemens), the 
algorithm ruled out more than 50% of the patients as low risk 
with pooled sensitivities of 98.1% (95% CI=94.6% to 99.3%; 
I2=25%) and 98.7% (95% CI=97.3% to 99.3%; I2=17%), and 
NPVs of 99.3% (95% CI=95.9%–99.9%) and 99.6% (95% 
CI=99.2% to 99.8%), respectively.

Rule-in performance
Based on hs-cTnT (Roche), the algorithm ruled in 18% of the 
patients as high risk for AMI, with a pooled specificity of 91.2% 
(95% CI=86.0% to 94.6%; I2=11%) and PPV of 51.3% (95% 
CI=30.8% to 71.3%) (figure  3 and online supplementary table 
10). For hs-cTnI (Siemens), the algorithm ruled in 14% of the 
patients with a higher specificity at 95.9% (95% CI=94.1% to 
97.2%; I2=3%). Hs-cTnI (Abbott) could not be pooled owing to 
insufficient studies.

Prognosis of patients in different triage groups
For patients in the rule-out group, the pooled 30-day mortality 
rate was 0.1% (95% CI=0.0% to 0.4%; I2=0%) and increased 
slightly to 0.8% (95% CI=0.5% to 1.2%; I2=0%) at 1 year 
(figure  4 and online supplementary table 11). For patients in 
the observation group, the pooled 30-day mortality rate was 
0.7% (95% CI=0.3% to 1.2%; I2=0%), increasing substan-
tially to 8.1% (95% CI=6.1% to 10.4%; I2=0%) at 1 year. For 
the rule-in group, the pooled 30-day mortality rate was 1.8% 
(95% CI=0.4% to 4.2%; I2=0%), increasing to 10.0% (95% 
CI=7.8% to 12.4%; I2=0%) at 1 year.

Sensitivity analysis
In a sensitivity analysis pooling all studies eligible for estima-
tion of the 0/1 hour algorithm, irrespective of assay or quality 
assessment, the sensitivity of the algorithm in ruling out AMI 
was 98.3% (95% CI=97.0% to 99.1%) (online supplementary 
figure 2A), and the specificity of the algorithm in ruling in AMI 
was 93.4% (95% CI=90.6% to 95.4%) (online supplementary 
figure 2B). Three cohorts were the derivation cohorts for the 0/1 
hour algorithm (one for each assay) and were subjected to high 
risk of bias. After these cohorts were removed, the remaining 
validation cohorts had a sensitivity of 98.1% (95% CI=96.3% 
to 99.0%) (online supplementary figure 2C) and specificity of 
93.2% (95% CI=89.2% to 95.7%) (online supplementary figure 
2D), comparable to that in the overall pooled analysis.

Discussion
In this meta-analysis, the ESC 0/1 hour algorithm ruled out more 
than 50% of the patients presenting to the ED with chest pain 
as low risk for AMI. The algorithm has a good sensitivity and 
low rates of adverse cardiac events in the rule-out group, and 
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Figure 2  Forest plot for acute myocardial infarction and summary estimates for sensitivity and NPV. Note: Reichlin et al6 (derivation cohort for hs-
cTnT (Roche)) set an optimal threshold for a 100% sensitivity and NPV. Rubini et al7 (derivation cohort for hs-cTnI (Abbott)) set an optimal threshold 
for a 99% sensitivity and 95% NPV. Boeddinghaus et al29 (derivation cohort for hs-cTnI (Siemens)) set an optimal threshold for a 99% sensitivity and 
NPV. APACE, advantageous predictors of acute coronary syndromes evaluation; BACC, biomarkers in acute cardiac care; HIGHSTEACS, high-sensitivity 
troponin in the evaluation of patients with acute coronary syndrome; HIGH-US, high-sensitivity cardiac troponin I assays in the United States; NPV, 
negative predictive value; REACTION-US, rapid evaluation of acute myocardial infarction in the United States; TRAPID, the high sensitivity cardiac 
troponin T assay for rapid rule-out of acute myocardial infarction.

Figure 3  Forest plot for acute myocardial infarction and summary estimates for specificity and PPV. Note: all the three derivation cohorts (Reichlin 
et al6, Rubini et al7 and Boeddinghaus et al29 defined the optimal thresholds based on a classification and regression tree analysis. Boeddinghaus et 
al (derivation cohort for hs-cTnI (Siemens)) set an optimal threshold for a 70% PPV. APACE, advantageous predictors of acute coronary syndromes 
evaluation; BACC, biomarkers in acute cardiac care; HIGHSTEACS, high-sensitivity troponin in the evaluation of patients with acute coronary 
syndrome; HIGH-US, high-sensitivity cardiac troponin I assays in the United States; PPV, positive predictive value REACTION-US, rapid evaluation of 
acute myocardial infarction in the United States; TRAPID, the high sensitivity cardiac troponin T assay for rapid rule-out of acute myocardial infarction.
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Figure 4  Prognostic outcome of patients in respective triage groups. 
Data were pooled from three cohorts: APACE, advantageous predictors 
of acute coronary syndromes evaluation; BACC, biomarkers in acute 
cardiac care; TRAPID, the high sensitivity cardiac troponin T assay for 
rapid rule-out of acute myocardial infarction.

performed similarly across different hs-cTn assays. The algo-
rithm ruled in approximately 15% of the patients with high 
specificity. A substantial number of patients with unfavourable 
prognosis were placed in the observation group.

All of the studies in our analysis were prospective, and used 
the universal definition of myocardial infarction for adjudica-
tion of the final diagnosis. Most studies had a low bias towards 
patient selection. No publication bias was detected. In our sensi-
tivity analysis, we removed derivation studies that would most 
critically influence the performance of the algorithm. Neverthe-
less, because many studies used hs-cTn assays as part of the adju-
dication, or did not use blinding during adjudication, there may 
be overestimation of the reported accuracy.

In a previous meta-analysis on using hs-cTnT below the limit 
of detection (LoD) at presentation to rule out AMI, Pickering 
and associates showed that 30.6% of patients could be ruled 
out with a pooled sensitivity of 98.7% (95% CI=96.6% to 
99.5%).20 In our analysis, the addition of a 0–1 hour change 
in hs-cTnT levels ruled out more than 50% of the patients with 
a pooled sensitivity of 98.4% (95% CI=95.1% to 99.5%). 
The pooled sensitivity of the algorithm was high and compa-
rable across the hs-cTnT (Roche), hs-cTnI (Abbott) and hs-cTnI 
(Siemens) assays. Nevertheless, the algorithm may not be univer-
sally safe if the 1% miss-rate is desired.37 The sensitivity esti-
mate across all assays were less than the consensus goal of 99%. 
Only five cohorts (APACE, BACC, Japan–Taiwan, Parkland, 
HIGHSTEACS) reported a sensitivity greater than 99%. Impor-
tantly, two cohorts (Barcelona and Fuwai) reported much lower 
sensitivities (<90%). These observations challenge the universal 
safety of the algorithm. Given that the pooled sensitivity of the 
algorithm is below the desired goal of 99%, we suggest that the 
algorithm be used with caution.

Even though our analysis showed that patients who were ruled 
out had a favourable short-term and long-term outcome, only 
three cohorts—mainly cohorts that reported high diagnostic 
accuracies were represented. Thus, additional investigations are 
required to ascertain the prognostic outcome of patients ruled 
out by the algorithm outside of these settings.

Previous systematic reviews that analysed a single 0-hour 
sample of hs-cTn above the 99th percentile of a normal refer-
ence population to rule in AMI reported the specificity to be 
77%–82%.17–19 In a recent meta-analysis, using a 50 ng/L cut-off 
at presentation to rule in AMI resulted in a pooled specificity of 
95%.22 In parallel, the 0/1 hour algorithm could rule in patients 
at a comparable or a higher specificity of 93.6%. In our analysis, 
the algorithm based on hs-cTnI (Siemens) had higher specificity 
compared with that on hs-cTnT (Roche). This could be because 
the hs-cTnT (Roche) assay has been more extensively investi-
gated in geographically diverse cohorts. Cohorts that reported 
lower specificities (Japan–Taiwan, Parkland and REACTION-US) 
using the hs-cTnT (Roche) assay were not investigated using the 
hs-cTnI (Siemens) assay.

The reported specificities were generally high across the 
cohorts. Only the Japan–Taiwan cohort14 reported a substan-
tially lower specificity (77.5%), presumably because patients 
with chronic renal disease undergoing dialysis were included 
in this study. However, the PPV for the algorithm was modest 
at 51.3%-73.4%. In this case, it may be helpful to discuss 
work-up strategies with physicians who are involved in patient 
management,38 because the elevation of troponin often indicates 
myocardial injury and may require rigorous work-up.39

Our study found that the 0/1 hour algorithm places a substan-
tial proportion of patients in the observation zone, for whom 
management strategy remains unclear.40 The rates of MACE and 
mortality of patients in the observation zone were high at 1 year 
and comparable to those in the rule-in group. A recent study of 
15 international cohorts found that patients who did not have 
AMI but presented with hs-cTn of more than 10 to 14 ng/L—
similar to patients in the observation zone, had a three times 
higher risk of death or AMI compared with the general popula-
tion.41 These results suggest that patients that were not ruled by 
the algorithm carry significant mortality risks. Owing to a lack 
of individual patient-level data, we were unable to describe the 
composition of this group of patients. However, a multicentre 
study showed that patients in the observation zone are typically 
elderly men with pre-existing coronary artery disease and high 
long-term mortality.42 Clearly, an evidence-based management 
strategy for this group of patients is urgently needed.

Clinical implications
Recently, the 0/1 hour algorithm has been demonstrated to 
produce favourable outcomes in real-world implementation. The 
introduction of the algorithm shortened time to ED discharge 
and is associated with low rates of adverse cardiac events and 
mortality.10–12 Our study adds values by demonstrating that the 
performances of the algorithm based on different hs-cTn assays 
were comparable. Importantly, this finding may allow institu-
tions to implement hs-cTn testing in patients with suspected 
AMI, without the financial and logistical challenges of intro-
ducing a new assay or analyser exclusively for measuring hs-cTn.

Furthermore, we showed that there are caveats to the algo-
rithm. First, the sensitivity is not universally high across cohorts 
and may not be sufficiently safe if the 1% miss-rate for myocar-
dial infarction is desired. Second, a significant number of 
patients were placed in the observation zone, for whom the long-
term prognosis is poor. In consideration of these caveats, it is 
important to reiterate that this troponin-only algorithm should 
always be used in conjunction with a detailed clinical assessment 
and the ECG.

Finally, sampling at the algorithm-defined timings, particularly 
at 1 hour, may be challenging in some EDs. In these instances, it 
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Key messages

What is already known on this subject?
►► The European Society of Cardiology (ESC) 0/1 hour algorithm 
has been demonstrated to triage patients with suspected 
myocardial infarction with high diagnostic accuracy. However, 
studies evaluating the performance of the algorithm have 
reported discrepant results.

What might this study add?
►► We performed a systematic review and meta-analysis of 
studies that investigated on the diagnostic performance 
of the ESC 0/1 hour algorithm. The algorithm had high 
sensitivity and specificity across different high-sensitivity 
cardiac troponin assays. A significant proportion of patients 
were placed in the observation zone, for whom the long-term 
prognosis was poor.

How might this impact on clinical practice?
►► Our results support the use of the 0/1 hour algorithm 
to triage patients with suspected myocardial infarction. 
However, the algorithm may not be sufficiently safe if the 1% 
miss-rate for myocardial infarction is desired. Patients in the 
observation zone have a poor prognosis and management 
strategies for these patients are urgently needed.

may still be possible to use the 0/1 hour algorithm, as the algo-
rithm has been shown to perform well using samples collected 
at 2 hours.38 However, because most studies in this analysis did 
not report sampling times, we were unable to provide evidence 
on the use of the algorithm outside of these pre-defined timings.

Limitations
There were several limitations to this study. First, we were unable 
to obtain data of individual patients and could not characterise 
cases of myocardial infarction missed by the algorithm. Further-
more, the timing of sample collection was not reported in many 
cohorts. A delayed time from symptom onset to sampling may 
reduce the potential for missed myocardial infarction and over-
estimate the algorithm’s sensitivity. Second, the substantial risk 
of bias in the included studies and the inclusion of derivation 
cohorts in the meta-analysis may influence the overall meta-
estimate. Because most studies used inclusion and exclusion 
criteria that precluded certain high risk populations, the accu-
racy estimates reported in this study may differ from those in the 
real-world settings. Furthermore, some studies were conducted 
using samples stored for long periods of time, which could be 
biased by problems of protein degradation and differences in 
diagnostic procedures.43 44 Third, due to the limited number of 
studies reporting on patients with chronic kidney disease (CKD), 
pre-existing coronary artery disease (CAD), or old age, we could 
not analyse the accuracy of ESC 0/1 hour algorithm on these 
subgroups. Fourth, because the prevalence of myocardial infarc-
tion in our study is substantially higher than that reported by 
previous epidemiological investigations,45 our study may under-
estimate the NPV and overestimate the PPV. Fifth, some hetero-
geneity in the accuracy estimates was noted. A lack of relevant 
contextual information for different studies prevented the use 
of meta-regression for adjustment. Lastly, in all studies, patients 
were not managed according to the algorithm, thus troponin 
levels and differences in clinical management could have influ-
enced the outcomes.

Conclusion
The ESC 0/1 hour algorithm has high diagnostic accuracy and 
triage efficacy in ruling out AMI among patients presenting 
to the ED with symptoms suggestive of myocardial infarction. 
Different brands of hs-cTn assays show comparable diagnostic 
accuracy and triage efficacy. A substantial proportion of patients 
is placed in the observation zone, for whom the prognosis is unfa-
vourable. The algorithm may not be sufficiently safe if the 1% 
miss-rate for myocardial infarction is desired. Additional inves-
tigations on the implementation of the algorithm will provide 
more insights regarding its safety and clinical applicability.
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