
1 
 

Prediction of Major Adverse Cardiac Events in Patients with suspected Acute 1 

Myocardial Infarction 2 

Thomas Nestelberger, MDa,b*; Jasper Boeddinghaus, MDa,b,c*; Desiree Wussler, MDa,b,c; 3 

Raphael Twerenbold, MDa,b; Patrick Badertscher, MDa,b,d; Karin Wildi, MDa,b,e; Òscar Miró, 4 

MDb,f; Beatriz Lópezf, F. Javier Martin-Sanchez, MDb,g; Piotr Muzyk, MDb,h; Luca Koechlin 5 

MDa,b,i; Benjamin Baumgartner, MDa,b; Mario Meier MDa,b; Valentina Troester MDa,b; Maria 6 

Rubini Giménez, MDa,b; Christian Puelacher, MDa,b,c; Jeanne du Fay de Lavallaz, MDa,b; Joan 7 

Walter, MDa,b; Nikola Kozhuharov, MDa,b; Tobias Zimmermann MDa,b; Danielle M. 8 

Gualandro MDa,b; Eleni Michou MDa,b; Eliska Potlukova, MDa,c; Nicolas Geigy, MDj; 9 

Dagmar I. Keller, MDk; Tobias Reichlin, MDb.l; Christian Mueller, MDa,b for the APACE 10 

investigators# 11 

aCardiovascular Research Institute Basel (CRIB) and Department of Cardiology, University Hospital 12 

Basel, University of Basel, Switzerland; bGREAT network;  cDepartment of Internal Medicine, 13 

University Hospital Basel, University of Basel, Switzerland; dDivision of Cardiology, University of 14 

Illinois at Chicago, United States of America; eCritical Care Research Institute, The Prince Charles 15 

Hospital, Brisbane and University of Queensland, Brisbane, Australia; fEmergency Department, 16 

Hospital Clinic, Barcelona, Catalonia, Spain; gServicio de Urgencias, Hospital Clínico San Carlos, 17 

Madrid, Spain; h2nd Department of Cardiology, School of Medicine with the Division of Dentistry, 18 

Zabrze, Medical University of Katowice, Poland; iDepartment of Cardiac Surgery, University Hospital 19 

Basel, University of Basel, Switzerland; jEmergency Department, Kantonsspital Liestal, Switzerland; 20 
kEmergency Department, University Hospital Zurich, Zurich, Switzerland; lDepartment of Cardiology, 21 

University Hospital Bern, University of Bern, Switzerland 22 

*Both authors have contributed equally and should be considered first author 23 

Short Title: Cardiac Events in suspected Myocardial Infarction 24 

Twitter: @CRIBasel; @thomas_nest; @J_Boeddinghaus 25 

Tweet: Prediction of Major Adverse Cardiac Events in Patients with suspected Acute 26 

Myocardial Infarction using a Troponin and an Extended Algorithm 27 

 28 

Word count: 5350 29 

Correspondence to: Professor Christian Müller, CRIB and Department of Cardiology, 30 

University Hospital Basel, Petersgraben 4, CH-4031 Basel, Switzerland. Phone Number: +41 31 

61 328 65 49; Fax number: +41 61 265 53 53. E-mail: christian.mueller@usb.ch 32 

mailto:muellerch@uhbs.ch


2 
 

 33 

DISCLOSURES 34 

We disclose that Dr. Nestelberger has received speaker honoria from Beckman-Coulter, outside 35 

the submitted work. Dr. Boeddinghaus has received research grants from the University of 36 

Basel and the Division of Internal Medicine, the Swiss Academy of Medical Sciences, the 37 

Gottfried and Julia Bangerter-Rhyner-Foundation, and speaker honoraria from Siemens and 38 

Roche, outside the submitted work. Dr. Twerenbold has received research support from the 39 

Swiss National Science Foundation (P300PB-167803_1), the Swiss Heart Foundation, the 40 

Swiss Society of Cardiology, the University Hospital Basel and the Cardiovascular Research 41 

Foundation as well as speaker honoraria/consulting honoraria from Abbott, Amgen, Brahms, 42 

Roche, Siemens and Singulex, outside the submitted work. Dr. Badertscher has received 43 

research funding from the “Stiftung für Herzschrittmacher und Elektrophysiologie”, outside the 44 

submitted work. Dr. Koechlin reports a research grant from “Freiwillige Akademische 45 

Gesellschaft Basel” for work outside of the submitted study. Dr. Rubini has received speaker 46 

honoraria from Abbott and the research support from the Swiss National Science Foundation 47 

(P400PM_180828) and Swiss Heart Foundation, outside the submitted work. Dr. Gualandro 48 

has received speaker honoraria from Servier and research grants from FAPESP (Foundation for 49 

Research Support of the State of Sao Paulo, Brasil), outside the submitted work. Dr. Walter 50 

reports a research grant from the Swiss Academy of Medical Sciences and the Bangerter 51 

Foundation (YTCR 23/17). Dr. Martin-Sanchez has received speaker, advisory or consulting 52 

fees from Novartis, MSD, Bristol-Myers Squibb, Pfizer, The Medicine Company, Otsuka, 53 

Thermo Fisher, Cardiorentis, Sanofi, and research grants from the Spanish Ministry of Health 54 

and FEDER, Mapfre, Novartis, Bayer, MSD, Abbot, and Orion-Pharma, outside the submitted 55 

work. Dr. Reichlin has received research grants from the Goldschmidt-Jacobson-Foundation, 56 

the Swiss National Science Foundation (PASMP3-136995), the Swiss Heart Foundation, the 57 



3 
 

Professor Max Cloëtta Foundation, the Uniscientia Foundation Vaduz, the University of Basel 58 

and the Department of Internal Medicine, University Hospital Basel as well as speaker 59 

honoraria from Brahms and Roche, outside the submitted work. Dr. Mueller has received 60 

research support from the Swiss National Science Foundation, the Swiss Heart Foundation, the 61 

KTI, the European Union, the University of Basel, the University Hospital Basel, the Stiftung 62 

für kardiovaskuläre Forschung Basel; Abbott, Beckman Coulter, Biomerieux, Indorsia, Ortho 63 

Cinical Diagnostics, Quidel, Roche, Siemens, Singulex, Sphingotec, as well as speaker 64 

honoraria/consulting honoraria from Abbott, Amgen, Astra Zeneca, Biomerieux, Boehringer 65 

Ingelheim, BMS, Brahms, Cardiorentis, Indorsia, Novartis, Roche, Sanofi, Siemens, and 66 

Singulex outside of the submitted work. All other authors declare that they have no conflict of 67 

interest with this study. The investigated hs-cTn assay were donated by the manufacturers, who 68 

had no role in the design of the study, the analysis of the data, the preparation of the manuscript, 69 

or the decision to submit the manuscript for publication. 70 

 71 

The authors designed the study, gathered and analyzed the data, vouch for the data and analysis, 72 

wrote the paper, and decided to publish. Drs. Nestelberger, Boeddinghaus and Mueller had full 73 

access to all the data in the study and take responsibility for the integrity of the data and the 74 

accuracy of the data analysis. All authors have read and approved the manuscript. The sponsors 75 

had no role in designing or conducting the study and no role in gathering or analysing the data 76 

or writing the manuscript. The manuscript and its contents have not been published previously 77 

and are not being considered for publications elsewhere in whole or in part in any language, 78 

including publicly accessible web sites or e-print servers. 79 



4 
 

ABSTRACT 80 

Background: Early and accurate detection of short-term major adverse cardiac events (MACE) 81 

in patients with suspected acute myocardial infarction (AMI) is an unmet clinical need. 82 

Objectives: We aimed to test the hypothesis that adding clinical judgment and ECG findings 83 

to the ESC high-sensitivity cardiac troponin(hs-cTn) 0/1h-algorithm would further improve its 84 

performance to predict MACE. 85 

Methods: Patients presenting with suspected AMI to an emergency department have been 86 

enrolled in a prospective multicenter diagnostic study. The primary endpoint was MACE 87 

including all-cause death, cardiac arrest, AMI, cardiogenic shock, sustained ventricular 88 

arrhythmia, and high-grade atrioventricular block within 30 days including index events. 89 

Secondary endpoint was MACE+unstable angina (UA) receiving early(≤24h) 90 

revascularization.  91 

Results: Among 3123 patients, the ESC hs-cTnT 0/1h-algorithm triaged significantly more 92 

patients towards rule-out as compared to the extended algorithm (60% (95%CI, 59-62%) vs. 93 

45% (95%CI, 43-46%); p<0.001), while maintaining similar 30-day MACE rates (0.6% 94 

(95%CI, 0.3-1.1%) vs. 0.4% (95%CI, 0.1-0.9%); p=0.429) resulting in similar negative 95 

predictive value (NPV 99.4% (95%CI, 98.9-99.6%) vs. 99.6% (95%CI, 99.2-99.8%); p=0.097). 96 

The ESC hs-cTnT 0/1h-algorithm ruled-in fewer patients (16% (95%CI, 14.9-17.5%) vs. 26% 97 

(95%CI, 24.2-27.2%); p<0.001) as compared to the extended algorithm, albeit with a higher 98 

positive predictive value (PPV 76.6% (95%CI, 72.8-80.1%) vs. 59% (95%CI, 55.5-62.3%); 99 

p<0.001). For 30-day MACE+UA, the ESC hs-cTnT 0/1h-algorithm had higher PPV for rule-100 

in, while the extended algorithm had higher NPV for the rule-out. Similar findings emerged 101 

when using hs-cTnI. 102 
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Conclusion: The ESC hs-cTn 0/1h-algorithm better balanced efficacy and safety in the 103 

prediction of MACE, the extended algorithm for MACE+UA.  104 

 105 

Condensed Abstract   106 

Among 3123 patients, the high-sensitivity cardiac troponin T (hs-cTnT) 0/1h-algorithm triaged 107 

significantly more patients towards rule-out as compared to the extended algorithm (60% vs. 108 

45%; p<0.001), while maintaining similar 30-day rates of all-cause death, cardiac arrest, acute 109 

myocardial infarction, cardiogenic shock, sustained ventricular arrhythmia, and high-grade 110 

atrioventricular block including index events (0.6% (95%CI, 0.3-1.1%) vs. 0.4% (95%CI, 0.1-111 

0.9%); p=0.429). The ESC hs-cTnT-0/1h-algorithm ruled-in fewer patients (16% (95%CI, 14.9-112 

17.5%) vs. 26% (95%CI, 24.2-27.2%); p<0.001) as compared to the extended algorithm, albeit 113 

with a higher positive predictive value (PPV 76.6% (95%CI, 72.8-80.1%) vs. 59% (95%CI, 114 

55.5-62.3%); p<0.001). Similar findings emerged when using hs-cTnI.  115 

 116 

Key Words: Acute myocardial infarction, high-sensitivity cardiac troponin, 117 

electrocardiography, clinical assessment, major adverse cardiac events 118 

Clinical Trial Registration: ClinicalTrials.gov number, NCT00470587, 119 

https://clinicaltrials.gov/ct2/show/NCT00470587 120 

 121 

 122 

 123 

 124 
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ACS - Acute coronary syndrome 126 

AMI - Acute myocardial infarction 127 

CAD – Coronary artery disease  128 

ED – Emergency department  129 

ECG – Electrocardiography  130 

hs-cTn – High-sensitivity cardiac troponin  131 

MACE - Major adverse cardiac events 132 

NPV – Negative predictive value  133 

PPV – Positive predictive value  134 

UA - Unstable angina 135 

VAS - Visual analoge scale 136 

 137 

 138 
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INTRODUCTION 139 

Acute chest discomfort accounts for about 10% of all presentations to the emergency 140 

department (ED).(1)(2)(3)(4) Among patients with acute chest discomfort, the early detection 141 

of acute myocardial infarction (AMI) has high priority, since AMI is common, associated with 142 

high mortality within the first hours, and amendable with effective treatment.(1)(2)(3) Efficient 143 

risk stratification is mainly based on three diagnostic columns: detailed clinical assessment 144 

including chest pain characteristics, the 12-lead electrocardiogram (ECG) and cardiac troponin 145 

(cTn) as a blood biomarker of cardiomyocyte injury.(2)(3)(4) 146 

The clinical introduction of cardiac troponin (cTn) assays with higher analytical 147 

sensitivity (hs-cTn) has allowed to largely overcome the sensitivity deficit for AMI at 148 

emergency department (ED) presentation associated conventional cTn assays and, thereby, 149 

substantially increased the early diagnostic accuracy for AMI.(3)(5)(6)(7) Very high diagnostic 150 

accuracy for AMI within the first hours after ED presentation has allowed the shortening of the 151 

time-interval to the second hs-cTn measurement and reduced the time to rule-out and/or rule-152 

in. (3)(5)(6)(7)  153 

Among the rapid hs-cTn-based strategies, the European Society of Cardiology (ESC) 154 

hs-cTnT/I 0/1h-algorithms are particularly appealing, as they seem to combine very high safety 155 

with high efficacy in the early rule-out or rule-in of AMI.(8)(9)(10)  156 

While it is mandatory to use the ESC hs-cTnT/I 0/1h-algorithms, like all other hs-cTn-157 

based strategies, in conjunction with full clinical assessment and the 12-lead ECG,(3) it is 158 

unknown how to best combine these diagnostic variables and how possible combinations would 159 

affect its performance characteristics. As the ESC hs-cTnT/I 0/1h-algorithms have been 160 

optimized for the rule-out and rule-in of AMI, the incremental value of the additional diagnostic 161 

variables seems to be small for AMI.(8)(9)(10) However, it might be substantial for the accurate 162 

prediction of major adverse cardiac events (MACE) within 30 days, the second key task for 163 
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physicians in the ED necessary for the decision whether early discharge and outpatient 164 

management or in-hospital diagnostic and therapeutic assessment is indicated. A recent pilot 165 

study provided a pragmatic suggestion on how to combine the hs-cTnT 0/1h-algorithm with 166 

clinical assessment and the ECG: “the extended algorithm”.(11)  167 

We aimed to externally validate in a large prospective multicenter study the 168 

performance characteristics of “the extended algorithm” in the prediction of short-term MACE 169 

and compare it to that of the ESC hs-cTnT/I 0/1h-algorithms. 170 
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METHODS  171 

Study design and patient population 172 

Advantageous Predictors of Acute Coronary Syndrome Evaluation (APACE) is a prospective 173 

international multicenter diagnostic study with twelve centers in five European countries 174 

aiming to advance the early diagnosis of AMI (ClinicalTrials.gov registry, number 175 

NCT00470587).(12)(13)(14) Adult patients presenting to the emergency department (ED) with 176 

symptoms suggestive of AMI (such as acute chest discomfort and angina pectoris) with an onset 177 

or peak within the last 12 hours were recruited. Enrolment was independent of renal function, 178 

while patients with terminal kidney failure on chronic dialysis were excluded. For this analysis, 179 

patients with ST-segment elevation MI, patients in whom the final diagnosis remained unclear 180 

even after central adjudication and at least one elevated hs-cTnT concentration possibly 181 

indicating AMI, as well as patients with no available hs-cTnT/I concentrations determined upon 182 

presentation to the ED and after 1 hour were also not eligible and therefore excluded. The most 183 

common reasons for missing samples after 1 hour were early transfer to the catheter laboratory 184 

or coronary care unit and diagnostic procedures around the 1-hour window that precluded blood 185 

draw at 1 hour. 186 

The study was carried out according to the principles of the Declaration of Helsinki and 187 

approved by the local ethics committees. Written informed consent was obtained from all 188 

patients. The authors designed the study, gathered and analysed the data, vouched for the data 189 

and analysis, wrote the paper, and decided to submit for possible publication. The STARD 190 

Checklist can be found in the online-only supplement (supplemental Table 1).(15) 191 

 192 

Routine clinical Assessment 193 
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Patients underwent clinical assessment that included medical history, physical examination, 194 

standard blood test including serial measurements of local (hs)-cTn, 12-lead ECG, chest 195 

radiography, continuous ECG rhythm monitoring and pulse oximetry. Management of patients 196 

was independent of this diagnostic study and left to the discretion of the attending physician. 197 

 198 

Reference Standard: Adjudicated 30-Day MACE 199 

Two independent cardiologists adjudicated the presence (or absence) of 30-day MACE 200 

including all-cause death, cardiac arrest, AMI, cardiogenic shock, sustained ventricular 201 

arrhythmia, and high-grade atrioventricular block (the primary endpoint), including the index 202 

event. The secondary endpoint was 30-day MACE plus unstable angina (UA) receiving early 203 

(≤24h) revascularization. Any early (≤24h) revascularization was considered including 204 

revascularization performed for mainly medical reasons such as recurrent episodes of UA as 205 

well as revascularizations performed mainly for convenience reasons such as an available 206 

catheter laboratory slot. As UA has a much better prognosis as AMI, it was not included in the 207 

primary endpoint.(3)  208 

The adjudicators reviewed all available medical records - patient history, physical examination, 209 

results of laboratory testing, radiologic testing, ECG, echocardiography, cardiac exercise stress 210 

test, lesion severity and morphology in coronary angiography - pertaining to the patient from 211 

the time of ED presentation to 90-days follow up. Follow-up information was obtained directly 212 

from patients by telephone calls or in a written form, as well as from the patient’s hospital notes, 213 

the family physician’s or involved cardiologists’ records, and the national registry on mortality. 214 

In situations of disagreement about the diagnosis, cases were reviewed and adjudicated in 215 

conjunction with a third cardiologist. Adjudication was performed centrally in a core lab. For 216 

the diagnosis of AMI it included two sets of serial cTn measurements: serial cTn measurements 217 

obtained as part of routine clinical care locally (several cTn assays), and serial measurements 218 

of hs-cTnT from study blood draws performed centrally in a core laboratory in order to take 219 
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advantage of the higher sensitivity and higher overall diagnostic accuracy offered by the hs-220 

cTnT assays.(16) AMI was defined and hs-cTn levels interpreted as recommended in current 221 

guidelines.(4) In brief, AMI was diagnosed when there was evidence of myocardial necrosis in 222 

association with a clinical setting consistent with myocardial ischemia. Myocardial necrosis 223 

was diagnosed by at least one hs-cTnT value above the 99th percentile together with a significant 224 

rise and/or fall. Absolute changes in hs-cTnT were used to determine significant changes based 225 

on the diagnostic superiority of absolute over relative changes.(17)(18) Based on studies of the 226 

biological variation of cTnT (19)(20), as well as on data from previous chest pain cohort studies, 227 

(21)(22)(23) a significant absolute change was defined as a rise or fall of at least 10 ng/l within 228 

six hours, or 6 ng/l within three hours. Unstable angina was diagnosed in patients with ischemic 229 

symptoms at rest or minor exercise with normal (hs)-cTn levels or mild elevations without 230 

dynamic changes (criteria for AMI not met) but requiring urgent (≤24h) revascularization. The 231 

following criteria were interpreted as increasing the likelihood for unstable angina versus non-232 

cardiac chest pain: typical angina pectoris at rest; worsening/deterioration of a previously stable 233 

angina; cardiac stress test showing myocardial ischaemia; coronary angiography revealing a 234 

diameter stenosis of at least 70%, fractional flow reserve documenting functional significance 235 

of a coronary lesion, and sudden cardiac death or AMI occurred during 60-days follow-up. 236 

 237 

Blood sampling, laboratory methods, and the ESC hs-cTnT/I-0/1h-algorithms, which were 238 

optimized for the early rule-out and rule-in of AMI and incorporate assay-specific hs-cTnT/I 239 

concentrations at ED presentation and their absolute changes within 1h,(3) are described in the 240 

online supplement. 241 

 242 

Extended Algorithm 243 

The extended algorithm classified patients as rule-out, if in addition to the hs-cTnT/I 0/1h-244 

algorithm triage recommendation also clinical assessment revealed only a low or moderate 245 

likelihood for ACS (<70%) and the ECG did not show possible ischemic changes including ST-246 
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segment depression (≥1mV in at least two contiguous leads), pathological Q-waves or T-247 

inversion. Patients with at least one of these criteria were reclassified towards observe or rule-248 

in. To qualify for rule-in, patients had to fulfill the criteria of the ESC hs-cTnT/I 0/1h-algorithm 249 

triage recommendation for rule-in or a hs-cTnT/I concentration above the 99th percentile 250 

combined with either a high likelihood for ACS (≥70%) and/or an ischemic ECG. The rationale 251 

for modifying the rule-in criteria was that in these patients with a high pre-test probability, an 252 

hs-cTnT level >14ng/l (hs-cTnI >26ng/L) should have a positive predictive value (PPV) 253 

sufficient for rule-in. The remaining patients were classified to the observe zone (Supplemental 254 

Figure 2A and 2B). 255 

Pre-test probability for an ACS as the cause of the presenting symptoms was quantified 90 256 

minutes after presentation by the treating ED physician using a visual analogue scale (VAS). 257 

At this time point, the ED physician had completed his/her clinical assessment including patient 258 

history, chest pain characteristics, detailed physical examination including vital signs and 259 

reviewed the ECG and the first local cTn measurement. A low or moderate likelihood for ACS 260 

was defined as <70%, while a high likelihood was defined as ≥70%.  261 

 262 

Statistical analysis 263 

Safety for rule-out of MACE or MACE+UA was quantified by the resulting negative predictive 264 

value (NPV) and likelihood ratio, accuracy for rule-in of MACE or MACE+UA was quantified 265 

by the resulting PPV and likelihood ratio, and efficacy was defined as the percentage of patients 266 

triaged to either rule-out or rule-in of MACE or MACE+UA. We used the cross tables derived 267 

by the application of assay and algorithm specific cut-off criteria for rule-out or rule-in to 268 

calculate diagnostic performance parameters and its 95% confidence interval (95%CI). 269 

Likelihood ratios (LRs) with 95% CIs were calculated to assess the specific value of each 270 

specific rule-out or rule-in algorithm. We used McNemar’s statistics or Generalized score 271 

statistics as appropriate to compare sensitivity, specificity, NPV and PPV, between both 272 
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algorithms and predefined subgroups. Subgroups analyses have been performed in patients 273 

presenting within 2h from chest pain onset, gender, age, known CAD and estimated glomerular 274 

filtration rate. 275 

All hypothesis testing was two-tailed, and P values of less than 0.05 were considered to indicate 276 

statistical significance. No adjustments for multiple comparisons were made. All statistical 277 

analyses were performed with the use of IBM SPSS Statistics for Windows and MAC, version 278 

25.0 (SPSS Inc Chicago, IL) and R 3.3.1 (R Foundation for Statistical Computing, Vienna, 279 

Austria).  280 

  281 
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Results 282 

Patient characteristics 283 

From April 2006 to August 2015, 3123 patients eligible for this analysis were enrolled 284 

(supplemental Figure 1A). Patients triaged towards rule-out by the ESC hs-cTnT 0/1h-285 

algorithm and the extended algorithm were younger, and less often had cardiovascular risk 286 

factors, pre-existing coronary artery disease (CAD), ECG abnormalities, and cardiovascular 287 

medication as compared with patients triaged towards observe and rule-in (supplemental 288 

Tables 2 and 3). 289 

 290 

Reclassifications 291 

The ESC hs-cTnT-0/1h-algorithm triaged 1880 patients (60% (95%CI, 58.5-61.9%) towards 292 

rule-out. Among these, in 209 (11%) patients integrated clinical judgment for ACS was 70% or 293 

higher, 72 (4%) patients had ST-segment depression, 131 (7%) patients had significant Q-294 

waves and 103 (6%) patients had T-wave inversion. At least one of these criteria was present 295 

in 487 (26%) patients in the rule-out group. The extended algorithm reclassified these patients 296 

to observe (relative increase of 66%) and additionally, 297 previously classified observe 297 

patients have been reclassified to rule-in (relative increase of 61%; Central Illustration, 298 

Figure 1). 299 

 300 

Prognostic performance for MACE 301 

Within 30 days MACE occurred in 524 (17%) patients (Table 1 and 2). The ESC hs-cTnT 302 

0/1h-algorithm triaged significantly more patients towards rule-out as compared to the extended 303 

algorithm (60% (95%CI, 58.5-61.9%) vs. 45% (95%CI, 42.9-46.4%); p<0.001), while 304 

maintaining similar 30-day MACE rates (0.6% (95%CI, 0.3-1.1%) vs. 0.4% (95%CI, 0.1-305 

0.9%); p=0.429) resulting in similar negative predictive value (NPV 99.4% (95%CI, 98.9-306 
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99.6%) vs. 99.6% (95%CI, 99.2-99.8%); p=0.097 and likelihood ratio (0.03 (95%CI, 0.02-0.06) 307 

vs. 0.02 (95%CI, 0.01-0.04), Figure 2A, 2B, 2C).  308 

Among the 487 patients reclassified towards observe by the extended algorithm, 30-day MACE 309 

rate was 1.1% (6 patients, 2 patients with type 1 MI (T1MI)) and 16% (86 patients, 55 patients 310 

with T1MI, 15 with T2MI) among patients reclassified towards rule-in (Central Illustration). 311 

These 30-day MACE rates were significantly lower as compared to the other observe and rule-312 

in patients triaged by the hs-cTnT component (both p<0.001). Detailed information on patients 313 

triaged towards rule-out of AMI with MACE are given in supplemental Table 4. 314 

The ESC hs-cTnT 0/1h-algorithm ruled-in fewer patients (16% (95%CI, 14.9-17.5%) vs. 26% 315 

(95%CI, 24.2-27.2%); p<0.001 as compared to the extended algorithm, albeit with a higher 316 

positive predictive value (76.6% (95%CI, 72.8-80.1%) vs. 59% (95%CI, 55.5-62.3%); 317 

p<0.001), and a higher likelihood ratio for 30-day MACE (16.3 (95%CI, 13.5-19.5) vs. 7.1 318 

(95%CI, 6.4-7.9)). With the ESC hs-cTnT 0/1h-algorithm fewer patients remained in the 319 

observe zone as compared to the extended algorithm (24% (95%CI 22.2-25.2%) vs. 30% 320 

(95%CI 28.1-31.3%; p<0.001). 321 

After excluding T2MI from MACE a similar negative predictive value for rule-out (NPV 99.4% 322 

(95%CI, 98.9-99.6%) vs. 99.4% (95%CI, 98.6-99.9%), p=0.997 but a lower positive predictive 323 

value for rule-in (76.6% (95%CI, 72.8-80.1%) vs. 69.5% (95%CI, 65.4-73.4%), p<0.001 for 324 

MACE and MACE without T2MI, respectively. Similar findings are reported when the we used 325 

the extended algorithm (NPV 99.6% (95%CI, 99.2-99.8%) vs. 99.6% (95%CI, 99.2-99.8%), 326 

p=0.989 and PPV 68.5% (95%CI, 65.2-71.6%) vs. 53.2% (95%CI, 49.8-56.7%), p<0.001, for 327 

MACE and MACE without T2MI, respectively (Supplemental Table 10). 328 

 329 

Prognostic performance for MACE+UA 330 
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Within 30 days, MACE+UA occurred in 806 (26%) patients. Among patients triaged towards 331 

rule-out, the ESC hs-cTnT 0/1h-algorithm had lower NPV, and higher negative LR as compared 332 

to the extended algorithm: 91.7% (95%CI 90.4-92.9) versus 95.3% (95%CI 94-96.3), and 0.26 333 

(95%CI 0.23-0.3) versus 0.14 (95%CI 0.11-0.18; all p<0.001). Among patients triaged towards 334 

rule-in, the ESC hs-cTnT 0/1h-algorithm had higher PPV, and positive LR as compared to the 335 

extended algorithm: 77% (95%CI 73.2-80.5) versus 68.5% (95%CI 65.2-71.6) and positive LR 336 

9.5 (95%CI 8.0-11.7) vs. 6.2 (95%CI 5.5-7.1; all p<0.001; Figure 2A, 2B, 3A and 3B). 337 

 338 

Subgroups analysis 339 

A total of 830 patients (27%) presented within 2h from chest pain onset. In these patients the 340 

ESC hs-cTnT 0/1h-algorithm classified 532 patients (77%) as rule-out. For MACE, NPV was 341 

99.3% (95%CI 98.1-99.7). Using the extended algorithm, 263 patients (38%) were classified 342 

as ruled-out. For MACE, NPV was 100% (95%CI 98.6-100); (p=0.955 for comparison, 343 

respectively, Supplemental Figure 4 and Supplemental Table 11). Both algorithms showed 344 

consistent and overall favorable performance characteristics in additional subgroup analyses 345 

according to sex, age, known CAD and estimated glomerular filtration rate (Supplemental 346 

Figure 4 and Supplemental Table 11). 347 

 348 

Overall, the results for the ESC hs-cTnI 0/1h-algorithm and it’s extended algorithm were 349 

comparable and are shown in the online supplemental. 350 
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DISCUSSION 351 

This prospective, multicenter diagnostic study enrolling unselected patients presenting with 352 

acute chest discomfort to the ED used central adjudication to externally validate the 353 

performance of an extended algorithm, a pragmatic approach combining the ESC hs-cTnT/I 354 

0/1h-algorithm with quantified clinical assessment and the ECG for the prediction of 30-day 355 

MACE. We report five major findings: 356 

First, adding the two additional criteria (VAS for ACS <70% and ischaemic ECG 357 

findings) as a requirement for triage towards rule-out, significantly reduced the percentage of 358 

patients triaged towards rule-out as compared to the ESC hs-cTnT-0/1h-algorithm only (45% 359 

versus 60%). Among all reclassified patients, non-cardiac causes of chest pain were the most 360 

common final adjudicated diagnoses and 30-day MACE occurred in only 1.1%. These estimates 361 

will help clinicians to appropriately manage patients triaged towards rule-out by the ESC hs-362 

cTnT-0/1h-algorithm, in whom either the VAS for ACS or the ECG still suggests the presence 363 

of an ACS. As an alternative to subjective clinical judgement by the treating physician, a formal 364 

score could be used to help in the prediction of 30-day MACE. This strategy of using well-365 

validated scores such as the HEART score of the TIMI-risk score in addition to early hs-cTnT/I 366 

based algorithms has been evaluated in two recent studies and found not to provide an 367 

incremental value, but substantially reduced rule-out efficacy.(24)(25) Current guidelines 368 

recommend a conservative approach and advocate prolonged monitoring including an 369 

additional measurement of hs-cTnT/I 3-6h after presentation in these patients.(3)  370 

Second, among patients triaged towards rule-out, the extended algorithm achieved 371 

similar NPV for 30-day MACE (both >99%) as compared to the ESC hs-cTnT-0/1h-algorithm 372 

alone, while sensitivity was higher using the extended algorithm (99.0% versus 97.7%; 373 

p=0.014). Therefore, overall the ESC hs-cTnT-0/1h-algorithm seemed to better balance safety 374 

and efficacy. It is important to highlight that the MACE rate including all-cause death, cardiac 375 
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arrest, AMI, cardiogenic shock, sustained ventricular arrhythmia, and high-grade 376 

atrioventricular block in the rule-out group of the ESC hs-cTnT-0/1h-algorithm only was 0.6%, 377 

and thereby within the range requested by ED physicians in a recent survey for patients 378 

considered for discharge from the ED.(26)  379 

Third, the extended algorithm had a higher rule-in rate, albeit a lower PPV as compared 380 

to the ESC hs-cTnT-0/1h-algorithm (59% versus 77%). As AMI at presentation was the 381 

dominant event contributing to 30-day MACE, it is a matter of debate, which PPV is sufficient 382 

to justify a homogenous management in the rule-in group including early coronary 383 

angiography.  384 

Fourth, including patients with UA receiving early revascularization to MACE, led to 385 

an increase in MACE from 524 to 804 patients (relative increase of 53%) and a MACE event 386 

rate of 26% in the overall cohort. This reflects the enrolment of unselected – both high-risk and 387 

low-risk- patients with suspected AMI and the adjudication of AMI including type 1 and type 388 

2. Furthermore, excluding T2MI from MACE resulted in a similar NPV for rule-out but a lower 389 

PPV for rule-in. For 30-day MACE plus UA, the extended algorithm significantly increased 390 

NPV as compared to the ESC hs-cTnT-0/1h-algorithm, while the later again achieved higher 391 

PPV for rule-in. 392 

Fifth, using hs-cTnI, the performance of the extended algorithm relative to the ESC hs-393 

cTnI 0h/1h-algorithm overall were similar to that observed for hs-cTnT. Similar findings have 394 

been found in several predefined subgroups especially in early presenters within 2h after chest 395 

pain onset (NPV 99.3% and 100%), for the ESC hs-cTnT-0/1h-algorithm and the extended 396 

algorithm, respectively. 397 

 398 

These findings extend and corroborate insights gained in the single-centre pilot study of the 399 

extended-algorithm.(11) There, in patients triaged towards rule-out for 30-day MACE, the NPV 400 
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was 99.9% (95%CI, 99.2-100%) for the ESC 0/1h-hs-cTnT-algorithm and 100% (95%CI, 99.4-401 

100%) for the extended algorithm. In patients triaged towards rule-in, the PPV was 65.4% 402 

(95%CI, 55.2–74.5) and 52.7% (95%CI, 44.3–61.1), respectively.(11) Again, for 30-day 403 

MACE+UA, the extended algorithm had higher NPV, but lower PPV as compared to the ESC 404 

0/1h hs-cTnT-algorithm.   405 

The management of patients, in whom the three diagnostic pillars for suspected AMI including 406 

the ESC 0/1h-algorithm, the ECG, and clinical assessment summarized in the integrated clinical 407 

judgment, consistently suggest rule-out of AMI, is usually straight forward and consists of rapid 408 

discharge from the ED followed by appropriate outpatient management,(3) In contrast, the 409 

subgroup of patients, in whom the ESC hs-cTnT-0/1h-algorithm suggests rule-out of AMI, but 410 

in whom either the VAS for ACS or the ECG still suggests the presence of an ACS, remains 411 

controversial. While prolonged initial monitoring and additional hs-cTnT/I measurements at 412 

about 3h for sure are reasonable next steps for the vast majority of these patients, the most 413 

critical decision is whether to admit or to prefer an outpatient management in case the 3h-414 

messurements still does not provide evidence of AMI. The low, but not very low risk of MACE 415 

observed in these patients in this large study, should provide for joined informed decision 416 

making by the physician and the patient. Patient preferences, availability of same day or next 417 

day non-invasive imaging and/or coronary angiography, and absence or presence of 418 

comorbidities possibly decreasing the benefit/risk ratio of an early invasive approach including 419 

dementia, very high age, severe renal dysfunction, and known atherosclerosis in the aortic arch 420 

will have to be considered. These arguments are similar to those guiding the management 421 

regarding possible ACS in patients triaged towards the observe zone.(12) 422 

Our findings corroborate and extend previous work on the development and validation of 423 

algorithms for the safe and effective rule-out and rule-in of MACE in patients with symptoms 424 

suggestive of AMI.(11)(24)(25) Pioneering work by research groups in Asia-Pacific 15 years 425 
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ago, at a time when only cTn assays with poor sensitivity were available, resulted in the first 426 

accelerated diagnostic protocols (ADP).(11)(27)(28)  These required the use of a formal risk 427 

score in addition to the ECG and cTn to achieve a very high NPV for MACE, and allowed the 428 

rapid rule-out in 9% of patients. The development of hs-cTn assays then enabled two advances 429 

of major clinical relevance. The first advance was to obviate the need of formal risk 430 

stratification for safe rule-out, while maintaining high NPV for MACE, which increased the 431 

likelihood for adaptation and adherence, and also substantially increased the percentage of 432 

patients eligible for early rule-out.(11)(24)(25) E.g. the ESC 0/1h hs-cTnT/I, the ESC 0/2h hs-433 

cTnT/I, and the High-STEACS-algorithm triage more than 50% of patients towards rule-out 434 

and provide comparable and very high safety. (3)(11)(29) The second major advance was the 435 

addition of a rule-in component that also provides well-structured guidance to physicians for 436 

the early identification of those acute chest discomfort patients requiring immediate 437 

hospitalisation in a monitored unit, early coronary revascularization, early initiation of high-438 

intensity statin and potent dual antiplatelet therapy.(11) Thereby, from being only helpful for 439 

the early identification of a small group of low-risk patients, these algorithms have matured 440 

towards highly effective clinical decision support tools that provide detailed guidance for 441 

patient management in about 75% of unselected patients presenting with acute chest discomfort 442 

to the ED.  443 

When diagnosed with hs-cTnT/I assays, UA seems to more closely reflect the pathophysiology 444 

and outcomes of stable CAD than AMI.(3)(30) UA patients have substantially lower 30-day 445 

mortality including fatal MI as compared to patients with NSTEMI.(31) Likely due to these 446 

differences, early invasive strategies and potent dual antiplatelet therapy seem to provide less 447 

incremental benefit as compared to patients with NSTEMI.(3)(32)(33) Still, the appropriate 448 

detection of UA is of considerable importance and the extended algorithm seems to be a 449 

valuable tool in this regard. As the ESC 0/1h hs-cTnT/I-algorithms were designed to detect 450 

AMI, and as UA, by definition, is not associated with acute cardiomyocyte injury, the ESC 451 
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0/1h-hs cTnT/I-algorithms cannot detect UA. As an alternative to formal quantification of 452 

integrated clinical judgment, as done as part of the extended algorithm, UA can of course also 453 

be assessed and diagnosed using individualized clinical judgment based on history, chest pain 454 

characteristics, physical examination, and the ECG by the treating physician. It is worth 455 

mentioning that in our cohort patients with unstable angina underwent early PCI, which was 456 

likely combined with dual antiplatelet therapy and sometimes together with anticoagulation if 457 

indicated and this probably contributed to their clinical stabilization and to their low risk of 458 

suffering other MACE at 30 days. This finding should not misinterpret that unstable angina 459 

patients can be safely discharged from the ED without further evaluation. Further clinical trials 460 

are necessary to compare different management strategies based on these algorithms to clarify 461 

the best treatment in these patients. 462 

Limitations 463 

Some limitations merit consideration when interpreting these findings. First, our study was 464 

conducted in ED patients with symptoms suggestive of AMI. Further studies are required to 465 

quantify the utility of both algorithms in patients with either higher (e.g., in a coronary care unit 466 

setting) or lower pre-test probability (e.g., in a general practitioner setting) for AMI. Second, 467 

some patients did not have a 1h sample and therefore were excluded from this analysis. It is 468 

very unlikely that the performance of both algorithms would be worse in these, particularly as 469 

a common reason for a missing blood samples at 1 hour were logistic issues related to e.g. early 470 

transfer to the catheter laboratory. Third, although we used a very stringent methodology to 471 

adjudicate the presence or absence of AMI including central adjudication by experienced 472 

cardiologists, imaging and serial measurements of hs-cTn, we still may have misclassified a 473 

small number of patients.(4) However, it is unlikely that these rare misclassifications did affect 474 

the relative performance of the extended algorithm versus the ESC 0/1h hs-cTnT/I-algorithm.  475 

Fourth, in this prospective study, no specific sample size calculation was performed. Although 476 
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this secondary analysis from a multicenter study is one of the largest ever performed, it still 477 

may have been underpowered for some subgroup analyses. Fifth, we cannot generalize our 478 

findings to patients with terminal kidney failure on chronic dialysis since they were excluded 479 

from this study. Sixth, these algorithms were derived and validated in patients capable of 480 

providing informed consent. Their use is discouraged in extreme conditions such as e.g. patients 481 

after cardiopulmonary resuscitation, in shock or respiratory failure, as they have not been tested 482 

in these. 483 

In conclusion, the ESC hs-cTn 0/1h-algorithm better balanced efficacy and safety in the 484 

prediction, both rule-out and rule-in, of 30-day MACE, while the extended algorithm is the 485 

preferred option for the rule-out of 30-day MACE+UA. 486 

 487 

Clinical Perspectives  488 

 Competency in Medical Knowledge: It has been hypothesized that adding clinical 489 

judgment and ECG findings to the European Society of Cardiology (ESC) high-490 

sensitivity cardiac troponin (hs-cTn) 0/1h-algorithm would further improve its 491 

performance to predict short-term major adverse cardiac events (MACE).  492 

 Competency in Patient Care: The ESC hs-cTn 0/1h-algorithm better balanced 493 

efficacy and safety in the prediction of MACE, while an extended algorithm 494 

combining hs-cTn with the clinical judgment and the ECG performed better for rule-495 

out if unstable angina is included to short-term MACE. 496 

 Translational Outlook: The findings of the present study help guide the 497 

management of patients in whom hs-cTn, the ECG, and clinical judgment provide 498 

discordant results. 499 

 500 
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Table 1 MACE rate ESC hs-cTnT 0/1h-algorithm        
 

  all patients Rule Out Observe Zone Rule In  
    (n = 3123) (n = 1880; 60%) (n = 738; 24%) (n = 505; 16%)  
MACE  524 17% 11 0.6% 126 17% 387 77%  
MACE+UA 806 26% 155 8.2% 262 36% 389 77%  

 T1MI during index visit 424 14% 3 0.2% 78 11% 343 70%  

 T2MI during index visit 68 2.2% 0 0.0% 25 3.4% 43 8.5%  

 T1MI during follow up 34 1.1% 3 0.2% 19 2.6% 12 2.4%  

 UA 300 9.6% 146 7.8% 151 21% 3 0.6%  

 Cardiogenic shock 10 0.3% 0 0.0% 3 0.4% 7 1.4%  

 Ventricular arrhythmia 6 0.2% 0 0.0% 2 0.3% 4 0.8%  

 High-grade AV Block 10 0.3% 3 0.2% 3 0.4% 4 0.8%  

 Cardiac death 16 0.5% 1 0.1% 3 0.4% 12 2.4%  
  Non cardiac death 10 0.3% 1 0.1% 6 0.8% 3 0.6%  
Table Legend: MACE: major adverse cardiac event, MACE-UA: major adverse cardiac event with unstable angina  
T1MI: Type 1 myocardial infarction; T2MI: Type 2 myocardial infarction UA: unstable angina; values are presented in n and 
% 
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Table 2 MACE Rate Extended Algorithm       
 

  all patients Rule Out Observe Zone Rule In  
    (n = 3123) (n = 1393; 45%) (n = 928; 30%) (n = 802; 26%)  
MACE  524 17% 5 0.4% 46 5.0% 473 59%  
MACE+UA 806 26% 66 4.7% 191 21% 549 69%  

 T1MI during index visit 424 14% 1 0.1% 25 2.7% 398 50%  

 T2MI during index visit 68 2.2% 0 0.0% 10 1.1% 58 7.2%  

 T1MI during follow up 34 1.1% 0 0.0% 8 0.9% 26 3.2%  

 UA 300 9.6% 61 4.4% 151 16% 88 11%  

 Cardiogenic shock 10 0.3% 0 0.0% 0 0.0% 10 1.2%  

 Ventricular arrhythmia 6 0.2% 0 0.0% 2 0.2% 4 0.5%  

 High-grade AV Block 10 0.3% 2 0.1% 3 0.3% 5 0.6%  

 Cardiac death 16 0.5% 1 0.1% 0 0% 15 1.9%  
  Non cardiac death 10 0.3% 1 0.1% 1 0.1% 8 1.0%  
Table Legend: MACE: major adverse cardiac event, MACE-UA: major adverse cardiac event with unstable angina  
T1MI: Type 1 myocardial infarction; T2MI: Type 2 myocardial infarction UA: unstable angina; values are presented in n and 
% 
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Figure Legends 

 

Central Illustration Reclassified patients using the extended algorithm 

Hs-cTnT concentrations are presented in ng/L. 0h/1h = hs-cTnT at presentation and after 1 hour. 

Δ0h-1h = absolute change of hs-cTnT within the first hour. ESC: European Society of 

Cardiology; Hs-cTnT: High-sensitivity cardiac troponin T; MACE: major adverse cardiac 

event; MACE+UA: major adverse cardiac event with unstable angina; NPV: negative 

predictive value; PPV: positive predictive value; Pos.LR: positive likelihood ratio; Neg.LR: 

negative likelihood ratio; * if chest pain onset >3h 
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Adjudicated final diagnoses among reclassified patients to the observe zone (A) and to rule-in 

(B). AMI: acute myocardial infarction; UA: unstable angina 

 

 

Figure 2A  ESC Hs-cTnT 0/1h-algorithm: criteria and performance 

Figure 1 Adjudicated Final Diagnoses 
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Hs-cTnT concentrations are presented in ng/L. 0h/1h = hs-cTnT at presentation and after 1 hour. 

Δ0h-1h = absolute change of hs-cTnT within the first hour. ESC: European Society of 

Cardiology; Hs-cTnT: High-sensitivity cardiac troponin T; MACE: major adverse cardiac 

event; MACE+UA: major adverse cardiac event with unstable angina; NPV: negative 

predictive value; PPV: positive predictive value; Pos.LR: positive likelihood ratio; Neg.LR: 

negative likelihood ratio; * if chest pain onset >3h 

 

 
 

Hs-cTnT concentrations are presented in ng/L. 0h/1h = hs-cTnT at presentation and after 1 hour. 

Δ0h-1h = absolute change of hs-cTnT within the first hour. ESC: European Society of 

Cardiology; Hs-cTnT: High-sensitivity cardiac troponin T; MACE: major adverse cardiac 

event; MACE+UA: major adverse cardiac event with unstable angina; NPV: negative 

predictive value; PPV: positive predictive value; Pos.LR: positive likelihood ratio; Neg.LR: 

negative likelihood 

 

Figure 2B Extended algorithm: criteria and performance 
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ESC: European Society of Cardiology; Hs-cTnT: High-sensitivity cardiac troponin T; MACE: 

major adverse cardiac event; MACE+UA: major adverse cardiac event with unstable angina; 

UA: unstable angina; T1MI: Type 1 myocardial infarction; T2MI: Type myocardial infarction. 

Figure 2C MACE Rate in both Rule-out groups 
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Forest plots indicating sensitivity and negative predictive values (NPV) for the troponin and 

the extended algorithm and interaction p-values 

Alg.: algorithm; MACE: major adverse cardiac event; MACE+UA: major adverse cardiac 

event with unstable angina 

Figure 3A 
Forest plots for sensitivity and negative predictive value including 

interaction p-value in both algorithms 
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Forest plots indicating specificity and positive predictive values (PPV) for the troponin and 

the extended algorithm and interaction p-values 

Alg.: algorithm; MACE: major adverse cardiac events; MACE+UA: major adverse cardiac 

event with unstable angina 

 

Figure 3B 
Forest plots for specificity and positive predictive value including 

interaction p-value in both algorithms 


