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Summary 
heading

The European Society of Cardiology algorithms 
have high sensitivity (0/1- and 0/2-h) and high 
specificity (0/1-, 0/2-, and 0/3-h) for AMI

Positive LR 
findings

LR+: 14 for 0/1-h algorithm for ruling in AMI
LR+: 21 for 0/2-h
LR+: 13 for 0/3-h

Negative LR 
findings

LR−: 0.01 for 0/1-h algorithm for ruling out AMI
LR−: 0.02 for 0/2-h
LR−: 0.09 for 0/3-h

Who was in the 
studies

32 studies comprising 30,066 patients with 
suspected AMI

NARR ATIVE

Chest pain is a common presentation to the emergency depart-
ment (ED), representing over 5 million annual ED visits in the United 
States.1 However, only 10%–20% of ED patients with chest pain 
are ultimately diagnosed with acute myocardial infarction (AMI).2 
Evaluation using accelerated diagnostic protocols with high-
sensitivity cardiac troponin (hs-cTn) tests can provide more rapid 
detection of AMI and earlier discharge for patients in whom AMI 
has been excluded when compared to standard troponin assays.3,4 
Recent guidelines utilize hs-cTn in evaluation for AMI,5 while prior 
guidelines incorporated standard troponin assays at the initial time 
of presentation and at 3 h.6–8 The most recent European Society of 
Cardiology (ESC) guidelines use specific hs-cTn T or I thresholds at 

0 h and 1 or 2 h and absolute changes to determine who may be ruled 
in or ruled out for AMI as well as those who require observation.5

The systematic review and meta-analysis discussed here in-
cluded prospective observational cohort studies, implementation 
studies, and randomized controlled trials (RCTs) evaluating ESC 
hs-cTn protocols. Studies included adult patients in the ED or chest 
pain unit with suspected non-ST elevation myocardial infarction or 
acute coronary syndrome.9 The authors only included studies eval-
uating the 0/1-, 0/2-, and 0/3-h ESC protocols utilizing the Elecsys 
hs-cTnT (Roche), Architect hs-cTnI (Abbott), and Centaur/Atellica 
hs-cTnI (Siemens) assays based on 2015 ESC guideline thresholds.7 
Diagnosis of AMI was determined based on the Third or Fourth 
Global Task Force Universal Definition of Myocardial Infarction.10,11 
The primary outcome was diagnostic accuracy for AMI using the 
0/1-, 0/2-, and 0/3-h protocols.

The systematic review identified 32 publications (n = 30,066 pa-
tients; 4246 cases of AMI) conducted in Asia, Australasia, Europe, 
and North America that met the inclusion criteria.9 Among these 32 
papers, they identified 33 total cohorts, of which 20 were unique 
subgroups. Sixteen cohorts evaluated the 0/1-h algorithm, seven 
cohorts the 0/2-h algorithm, and 10 cohorts the 0/3-h algorithm. 
Eighteen subgroups were evaluated using an observational study 
type, while one was evaluated with an RCT and one was quasi-
experimental. The authors obtained primary data from the principal 
investigators for 16 subgroups and aggregate data from published 
articles for four subgroups. The prevalence of AMI ranged from 4% 
to 37% in the included studies.

The 0/1-h algorithm demonstrated high diagnostic accuracy 
to rule in (specificity  =  94.0%, 95% confidence interval [CI]  = Supervising Editor: Shahriar Zehtabchi, MD. 
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90.7%–96.2%; positive likelihood ratio [LR+] = 14, 95% CI = 9–20) 
and to rule out AMI (sensitivity  =  99%, 95% CI  =  98.5%–99.5%; 
negative likelihood ratio [LR−] = 0.01, 95% CI = 0.01–0.02), with 
17% of patients ruled in and 54% of patients ruled out. The 0/2-h 
algorithm demonstrated similar test characteristics, with high ac-
curacy for ruling in (specificity  =  96%, 95% CI  =  92.9%–97.9%; 
LR+ = 21, 95% CI = 13–35) and ruling out AMI (sensitivity = 98.6%, 
95% CI = 97.2%–99.3%; LR− = 0.02, 95% CI = 0.01–0.04), with 15% 
of patients ruled in and 61% of patients ruled out. The 0/3-h al-
gorithm had similar ability to rule in AMI (specificity = 93%, 95% 
CI  =  86.9%–96.6%; LR+  =  13, 95% CI  =  6.7–24), but lower abil-
ity to rule out AMI (sensitivity  =  93.7%, 95% CI  =  87.4%–97.0%; 
LR−  =  0.09, 95% CI  =  0.05–0.15), with 19% of patients ruled in 
and 66% of patients ruled out. The proportion of patients who re-
mained undifferentiated or in the observational zone was 29% for 
the 0/1-h algorithm, 24% for the 0/2-h algorithm, and 15% for the 
0/3-h algorithm. Stratification by assay demonstrated similar sensi-
tivities and specificities.

C AVE ATS

This study has several important limitations. While all three ESC 
algorithms had high specificities, there was significant hetero-
geneity across the included studies. This heterogeneity may be 
in part due to variation in AMI prevalence. Populations with a 
higher prevalence of AMI may also have a higher prevalence of 
non-AMI conditions associated with troponin elevations. The 
heterogeneity could also be due to differences in pinclusion and 
exclusion criteria used by different studies, with studies includ-
ing only patients with chest pain having higher specificities com-
pared to studies which included patients presenting with other 
symptoms. There were significant differences in implementation 
of the 0/3-h protocols among the included studies as well as po-
tential miscalibration of the Elecsys hs-cTnT lots used globally 
from 2010 to 2012, further contributing to the heterogeneity. 
The lower sensitivity of the 0/3-h protocol and wide CIs could 
be due to the fact that some studies used this algorithm without 
clinical criteria (GRACE score <140 and pain-free) while others 
studies used it combined with clinical criteria (sensitivity without 
and with clinical criteria = 90% [95% CI = 82.9%–94.6%] vs. 98% 
[95% CI  =  88.6%–99.8%], respectively). In fact, protocol perfor-
mance may be suboptimal in some populations such as those at 
high-risk for AMI clinically.12 The performance of algorithms for 
diagnosis of AMI using sex-specific 99th percentile thresholds are 
still unclear as many studies did not adjudicate based on this fac-
tor. Several studies used samples collected in a different timing 
manner than that recommended in ESC guidelines, such as using 
a 0–2/3-h blood draw instead of a 0/2- or 0/3-h draw,13 and the 
systematic review authors included studies analyzing troponin 
samples collected over 30 min outside of the stipulated time by 
the ESC algorithms. The authors were unable to obtain individual 
patient-level data and could not account for patients falsely ruled 

in or out by the ESC algorithms. While most of these studies used 
the third universal definition of AMI, the adjudication criteria in 
each of these studies likely means that the difference between 
third and fourth universal definitions are unlikely to substantially 
bias the results. Finally, patient management was not dictated by 
the algorithms and, therefore, outcomes may have been influ-
enced by troponin levels and clinical management.

CONFLIC T OF INTERE S T
The authors declare no potential conflict of interest.

ORCID
Brit Long   https://orcid.org/0000-0003-4770-8869 
Michael Gottlieb   https://orcid.org/0000-0003-3276-8375 

R E FE R E N C E S
	 1.	 Aalam AA, Alsabban A, Pines JM. National trends in chest pain 

visits in US emergency departments (2006–2016). Emerg Med J. 
2020;37(11):696-699.

	 2.	 Goodacre S, Cross E, Arnold J, Angelini K, Capewell S, Nicholl J. The 
health care burden of acute chest pain. Heart. 2005;91(2):229-230.

	 3.	 Eggers KM, Lindahl B, Melki D, Jernberg T. Consequences of im-
plementing a cardiac troponin assay with improved sensitivity at 
Swedish coronary care units: an analysis from the SWEDEHEART 
registry. Eur Heart J. 2016;37(30):2417-2424.

	 4.	 Nejatian A, Omstedt Å, Höijer J, et al. Outcomes in patients with 
chest pain discharged after evaluation using a high-sensitivity tro-
ponin T assay. J Am Coll Cardiol. 2017;69(21):2622-2630.

	 5.	 Collet JP, Thiele H, Barbato E, et al. 2020 ESC guidelines for the man-
agement of acute coronary syndromes in patients presenting without 
persistent ST-segment elevation. Eur Heart J. 2021;42(14):1289-1367. 
doi:10.1093/eurhe​artj/ehaa575. Erratum in: Eur Heart J. 2021 May 
14;42(19):1908. Erratum in: Eur Heart J. 2021 May 14;42(19):1925. 
Erratum in: Eur Heart J. 2021 May 13; PMID: 32860058.

	 6.	 Hamm CW, Bassand JP, Agewall S, et al. ESC guidelines for the 
management of acute coronary syndromes in patients present-
ing without persistent ST-segment elevation: the Task Force 
for the Management of Acute Coronary Syndromes (ACS) in 
Patients Presenting Without Persistent ST-segment Elevation 
of the European Society of Cardiology (ESC). Eur Heart J. 
2011;32(23):2999-3054.

	 7.	 Anand A, Shah AS, Beshiri A, Jaffe AS, Mills NL. Global adoption 
of high-sensitivity cardiac troponins and the universal definition of 
myocardial infarction. Clin Chem. 2019;65(3):484-489.

	 8.	 Roffi M, Patrono C, Collet JP, et al. 2015 ESC guidelines for the 
management of acute coronary syndromes in patients present-
ing without persistent ST-segment elevation: Task Force for the 
Management of Acute Coronary Syndromes in Patients Presenting 
Without Persistent ST-Segment Elevation of the European Society 
of Cardiology (ESC). Eur Heart J. 2016;37(3):267-315.

	 9.	 Chiang CH, Chiang CH, Pickering JW, et al. Performance of the 
European Society of Cardiology 0/1-hour, 0/2-hour, and 0/3-
hour algorithms for rapid triage of acute myocardial infarction: 
an international collaborative meta-analysis. Ann Intern Med. 
2022;175(1):101-113.

	10.	 Thygesen K, Alpert JS, Jaffe AS, et al. Third universal definition of 
myocardial infarction. Circulation. 2012;126(16):2020-2035.

	11.	 Thygesen K, Alpert JS, Jaffe AS, et al. Fourth universal definition of 
myocardial infarction (2018). Circulation. 2018;138(20):e618-e651. 
doi:10.1161/CIR.00000​00000​000617. Erratum in: Circulation. 
2018 Nov 13;138(20):e652.

https://orcid.org/0000-0003-4770-8869
https://orcid.org/0000-0003-4770-8869
https://orcid.org/0000-0003-3276-8375
https://orcid.org/0000-0003-3276-8375
https://doi.org/10.1093/eurheartj/ehaa575
info:pmid/32860058
https://doi.org/10.1161/CIR.0000000000000617


    | 3Long and Gottlieb

	12.	 Kavsak PA, Hewitt MK, Mondoux SE, et al. Diagnostic performance 
of serial high-sensitivity cardiac troponin measurements in the 
emergency setting. J Cardiovasc Dev Dis. 2021;8(8):97.

	13.	 Nowak RM, Christenson RH, Jacobsen G, et al. Performance of 
novel high-sensitivity cardiac troponin I assays for 0/1-hour and 
0/2- to 3-hour evaluations for acute myocardial infarction: results 
from the HIGH-US study. Ann Emerg Med. 2020;76(1):1-13.

How to cite this article: Long B & Gottlieb M. Accuracy of 
the European Society of Cardiology 0/1-, 0/2-, and 0/3-hour 
algorithms for diagnosing acute myocardial infarction. Acad 
Emerg Med. 2022;00:1–3. doi: 10.1111/acem.14444

https://doi.org/10.1111/acem.14444

