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Supplement 1 

Two-Hour Algorithm for Early Diagnosis of Acute Myocardial 2 
Infarction Using A High-sensitivity Cardiac Troponin I Assay 3 

 4 

Supplemental Methods 5 

Derivation Cohort (APACE) 6 

Patient Population 7 

Advantageous Predictors of Acute Coronary Syndrome Evaluation (APACE) is an 8 

ongoing prospective international multicenter study with 12 centers in 5 European 9 

countries (Switzerland, Spain, Italy, Poland, Czech Republic) designed to contribute to 10 

improving the management of patients with MI. (ClinicalTrials.gov registry, number 11 

NCT00470587).(1)(2)(3)(4)(5) Adult patients presenting to the emergency department 12 

(ED) with symptoms suggestive of AMI (such as acute chest discomfort and angina 13 

pectoris) with an onset or peak within the last 12 hours were recruited. Enrollment was 14 

independent from renal function at presentation, while patients with terminal renal 15 

failure on chronic dialysis were excluded. The study was carried out according to the 16 

principles of the Declaration of Helsinki and approved by the local ethics committees. 17 

Written informed consent was obtained from all patients. 18 

 19 

Routine Clinical Assessment 20 

All patients underwent a clinical assessment that included standardized and detailed 21 

medical history including assessment of 34 predefined chest pain characteristics, vital 22 

signs, physical examination, 12-lead ECG, continuous ECG rhythm monitoring, pulse 23 

oximetry, standard blood test, and chest radiography if indicated. Concentrations of 24 
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cardiac troponins (cTn) including high-sensitivity cTn (hs-cTn) in some centers were 25 

measured at presentation and serially thereafter as long as clinically indicated. 26 

Treatment of patients was left to discretion of the attending physician. Clinical suspicion 27 

for acute coronary syndrome (ACS) as the cause of the presenting symptom was 28 

quantified 90 min after presentation by the treating emergency department (ED) 29 

physician using a visual analog scale (VAS). At this time point, the ED physician had 30 

completed his/her clinical assessment, including patient history, chest pain 31 

characteristics, and detailed physical examination including vital signs, and reviewed 32 

the ECG and the first local cTn measurement. We considered a concentration of  ≥ 33 

80% as high pretest probability for ACS.(6)  34 

 35 

Reference Standard: Adjudicated Final Diagnosis 36 

AMI was defined and cTn concentrations interpreted as recommended in current 37 

guidelines.(7)(8–10) In brief, AMI was diagnosed when there was evidence of 38 

myocardial necrosis with a significant rise and/or fall in a clinical setting consistent with 39 

myocardial ischemia. Patients with AMI were further subdivided into type 1 AMI 40 

(primary coronary events) and type 2 AMI (ischemia due to increased demand or 41 

decreased supply, for example tachyarrhythmia or hypertensive crisis).(8,11) 42 

 The adjudication of final diagnoses was performed centrally in the core lab 43 

(University Hospital Basel) for all patients incorporating concentrations of hs-cTnT 44 

(primary analysis). More specifically, two independent cardiologists not directly 45 

involved in patient care reviewed all available medical records (including patient 46 

history, physical examination, results of laboratory testing including hs-cTnT 47 

concentrations, radiologic testing, ECG, echocardiography, cardiac exercise test, 48 

lesion severity and morphology in coronary angiography, discharge summary) 49 
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pertaining to the patient from the time of ED presentation to 90-day follow-up. In 50 

general, serial sampling was performed until at least 3-6h after presentation to the ED 51 

or onset of chest pain. In situations of diagnostic disagreement, cases were reviewed 52 

and adjudicated in conjunction with a third cardiologist. While discharge diagnoses 53 

often were correct and in agreement with the final adjudicated diagnosis, there were 54 

also cases where the discharge diagnosis needed to be revised, most often because 55 

more information became available from medical testing during early follow-up, and 56 

more rarely, because the discharge diagnosis was not in agreement with the Universal 57 

Definition of AMI.  58 

 The 99th percentile (hs-cTnT: 14ng/L) was used as cut-off for myocardial necrosis. 59 

Absolute cTn changes were used to determine significant changes based on the 60 

diagnostic superiority of absolute over relative changes.(12–17) Based on studies of 61 

the biological variation of cTn.(18,19) as well as on data from previous chest pain 62 

cohort studies,(12,20) a significant absolute change was defined as a rise or fall of at 63 

least 10ng/L within six hours, or, in an assumption of linearity, as an absolute change 64 

of 6ng/L within three hours. Predefined alternative diagnoses included “unstable 65 

angina” (UA), “Cardiac symptoms of origin other than coronary artery disease” and 66 

“non-cardiac chest pain”.  67 

 68 

Clinical Care: The (hs)-cTn assays and cut-off concentrations used for local 69 

clinical care 70 

Routine clinical care comprised five different cTn assays at the different hospitals 71 

throughout the whole recruitment period. The cTn assays used clinically in most of the 72 

participating institutions changed during the study from a conventional cTn assay to 73 

the hs-cTnT assay. In order to take advantage of the higher sensitivity and higher 74 

overall diagnostic accuracy offered by the hs-cTnT assay (primary analysis), patients 75 
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were adjudicated using the hs-cTnT concentrations obtained from study specific blood 76 

samples in addition to the clinically used (hs)-cTn concentrations. 77 

The following conventional cTn assays were used: For the Roche cTnT 4th generation 78 

assay, the 10% CV concentration is 0.035µg/L. The laboratories of the participating 79 

sites reported only two decimals; therefore 0.04µg/L was used as a cut-off for 80 

myocardial necrosis. In order to fulfil the criteria of a significant change (30% of 99th 81 

percentile or 10% CV concentration), a patient would e.g. need to have a concentration 82 

of <0.01µg/L at presentation and 0.04µg/L at 6h. A patient would also qualify if the first 83 

concentration is 0.02µg/L and the second 0.04µg/L. A patient would not fulfil the criteria 84 

if the first concentration is 0.03µg/L and the second is 0.04µg/L. If the first 85 

concentration is 0.04µg/L, the second concentration needs to be at least 0.06µg/L.  86 

For the Abbott Axsym cTnI ADV, the 10% CV concentration is 0.16µg/L. A patient 87 

having 0.16µg/L at presentation would meet the criteria for significant change if the 88 

second was ≥0.21µg/L. A patient having <0.12µg/L at presentation (limit of detection) 89 

would qualify if the second is >0.16µg/L.  90 

For the Beckmann Coulter Accu cTnI, the 10% CV concentration is 0.06µg/L. A patient 91 

having 0.06µg/L at presentation would qualify if the second is ≥0.08µg/L. A patient 92 

having 0.05µg/l at presentation would qualify if the second is 0.07µg/L, but not 93 

0.06µg/L. A patient having undetectable cTnI (cTnI <0.01µg/L) at presentation would 94 

qualify if the second is ≥0.06µg/L. 95 

For the Siemens Dimension Vista s-cTnI, the 10% CV concentration is 40ng/L. The 96 

limit of detection is 15ng/L and the 99th percentile is 45ng/L. An absolute change of 97 

20ng/L or more within 3-6h was considered significant. 98 

For Elecsys hs-cTnT measured clinically, the same change criteria were applied as for 99 

hs-cTnT measured from the study blood samples. 100 

 101 
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Follow-up  102 

Patients were contacted 3, 12 and 24 months after discharge by telephone calls or in 103 

written form. Information regarding death during follow up was furthermore obtained 104 

from the patient’s hospital notes, the family physician’s records and the national 105 

registry on mortality. 106 

 107 

Validation Cohort (ADAPT and IMPACT) 108 

Patient Population 109 

Accelerated Diagnostic Protocol to Assess patients with chest Pain symptoms using 110 

contemporary Troponins as the only biomarker (ADAPT) was a multicenter, 111 

diagnostic study enrolling patients between November 2007 and February 2011 in 112 

two study centers in Australia and New Zealand.(21) The current study only uses 113 

data from the Australian site. The Improved Assessment of Chest pain trial (IMPACT) 114 

was a single center intervention study enrolling patients in the same Australian site 115 

between February 2011 and March 2014.(22) Criteria for enrollment were the same 116 

for ADAPT and IMPACT and included ≥18 years of age, with at least 5 minutes of 117 

symptoms where the attending physician planned to perform serial s-cTnI tests. The 118 

American Heart Association case definitions for possible cardiac symptoms were 119 

used (i.e., acute chest, epigastric, neck, jaw, or arm pain; or discomfort or pressure 120 

without an apparent non cardiac source).(23) Patients were excluded for any of the 121 

following: a clear cause other than acute coronary syndrome for the symptoms at 122 

presentation (e.g., examination findings of pneumonia), inability to provide informed 123 

consent, staff considered recruitment to be inappropriate (e.g., receiving palliative 124 

treatment), transfer from another hospital, pregnancy, previous enrollment, or inability 125 

to be contacted after discharge. Patients with STEMI on presentation were also 126 
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removed from the current analysis. Perceived high risk was not used as an exclusion 127 

criterion. The studies were carried out according to the principles of the Declaration 128 

of Helsinki and approved by the local ethics committees.  129 

 130 

 Routine Clinical Assessment 131 

All patients underwent a clinical assessment that included standardized and detailed 132 

medical history including vital signs, physical examination, 12-lead ECG, continuous 133 

ECG rhythm monitoring, pulse oximetry, standard blood test, and chest radiography if 134 

indicated. Concentrations of s-cTnI were measured at presentation and serially 135 

thereafter as long as clinically indicated. 136 

 137 

Reference Standard: Adjudicated Final Diagnosis 138 

In the ADAPT and IMPACT cohorts, 30-day outcomes and final diagnoses were 139 

adjudicated independently by local cardiologists using predefined standardized 140 

reporting guidelines according to the current universal definition of myocardial 141 

infarction. Cardiologists had knowledge of the clinical record, ECG, s-cTnI results and 142 

objective testing from standard care. A second cardiologist conducted a blind review 143 

of all acute coronary syndrome (ACS) cases and 10% of non-ACS cases. In cases of 144 

disagreement, endpoints were agreed by consensus. Consensus was achieved for all 145 

endpoints. Late samples were available for adjudication of final diagnosis in all 146 

patients of the validation cohort, which means that serial sampling was performed 147 

until at least 6h after presentation to the ED in all patients. For ADAPT, adjudication 148 

of final diagnosis included s-cTnI measurements from blood samples obtained at 149 

presentation and 6 to 12h thereafter.  For IMPACT, adjudication included s-cTnI 150 
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measurements from blood samples obtained at presentation and at least 2 h 151 

thereafter.  152 

The Beckman Coulter 2nd generation AccuTnI assay (Beckman Coulter, Chaska, 153 

MN) was used at the Australian site. This assay has a LoD of 10 ng/L, a 99th 154 

percentile of 40ng/L and a 10% CV of 60ng/L. The 99th percentile (40ng/L) was used 155 

as cut-off for myocardial necrosis. A delta of ≥20% was used to detect a rising or 156 

falling pattern and at least one value above the 99th percentile was necessary to 157 

qualify for AMI diagnosis. 158 

 159 

Follow-up and clinical endpoints 160 

Patients were contacted at 6 weeks and 12 months by telephone calls or in written 161 

form. 6 weeks follow-up was conducted for all patients, while 12 months follow-up 162 

information was only available where the patient provided consent to further contact. 163 

Information regarding death at twelve months was furthermore obtained from the 164 

patient’s hospital notes, the family physician’s records and the national registry on 165 

mortality. The primary prognostic endpoint was 30 days all-cause mortality.  166 

 167 

Derivation and validation of the hs-cTnI-Access 0/2h-algorithm 168 

The 0/2h-algorithm incorporates hs-cTnI concentration concentrations at presentation 169 

and absolute hs-cTnI- changes within 2h as well as time since chest pain onset in order 170 

to reflect the concept of the current hs-cTn 0/1h-algorithms suggested by the ESC. The 171 

rule-out criteria for hs-cTnI are defined as an undetectable (very low) concentration at 172 

presentation or a low baseline hs-cTnI concentration together with no relevant absolute 173 

change within the first 2 hours Rule-in is defined by a high baseline hs-cTnI 174 
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concentration or a relevant absolute change in hs-cTnI within the first 2 hours. The 175 

remaining patients were triaged towards the observe zone The hs-cTnI-Access 0/2h-176 

algorithm was developed in the derivation cohort (APACE) in selected patients with 177 

available hs-cTnI-Access measurements at baseline and after 2h. The 0/2h-algorithm 178 

incorporates hs-cTnI-Access concentrations at presentation and absolute hs-cTnI-179 

Access changes within 2h. (Supplemental Figure 2). Selection of these parameters 180 

was based on the very high diagnostic accuracy of the combination of blood 181 

concentrations at presentation with absolute changes for rule-out and rule-in of 182 

AMI.(12,24–31) Derived thresholds for rule-out were selected to allow for a minimal 183 

sensitivity and negative predictive value (NPV) of 99.5% and sensitivity of 99.0%. 184 

Derived thresholds for rule-in were obtained based on a classification and regression 185 

tree (CART) analysis targeting a minimal positive predictive value (PPV) of 70%.(32) 186 

Nodes in the CART tree were constrained to have a minimal number of cases of 20 in 187 

parent and child nodes. If a predefined target performance was missed in the derivation 188 

sample using the CART-derived thresholds, thresholds were changed stepwise until 189 

the predefined performance was fulfilled. The algorithm developed in the derivation 190 

sample was tested for its diagnostic accuracy in an independent validation sample 191 

consisting of the remaining subjects. The decision values derived in the derivation 192 

sample were rounded to give whole values in ng/L. The whole algorithm developed in 193 

the derivation cohort was then tested for diagnostic accuracy in the validation cohort 194 

(ADAPT and IMPACT). 195 

 196 

Direct comparison of the hs-cTnI-Access 0/2h-algorithm with the 0/2h-197 

algorithms using hs-cTnT-Elecsys and hs-cTnI-Architect 198 

The diagnostic performance of the hs-cTnI-Access 0/2h-algorithm in both cohorts was 199 

directly compared to the performances of the hs-cTnT-Elecsys 0/2h-algorithm and the 200 
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hs-cTnI-Architect 0/2h-algorithm in all patients of the validation cohort, who also had a 201 

full set of hs-cTnT-Elecsys and hs-cTnI-Architect measurements at 0h and 2h. 202 

 203 

Follow-up 204 

The co-primary prognostic endpoints were overall survival after 30 days and 2 years 205 

in the derivation cohort and 30 days and 1 year in the validation cohort.  206 

 207 

Statistical analysis 208 

Continuous variables are described as mean ± SD or median with interquartile 209 

range (IQR), categorical variables by numbers and percentages. Differences in 210 

baseline characteristics between patients with and without AMI as well as between 211 

patients in the derivation and validation cohort were assessed using the Mann-Whitney 212 

U test for continuous variables and the Pearson Chi-square test for categorical 213 

variables. 214 

For the assessment of the diagnostic performance of the hs-cTnI-Access 0/2h- 215 

algorithm in the derivation and validation cohort, safety was assessed as the NPV and 216 

the sensitivity for AMI in the rule-out group, accuracy of the rule-in strategy as the PPV 217 

and specificity for AMI in the rule-in group while efficacy was quantified as the 218 

percentage of patients triaged towards rule-out or rule-in for AMI within 2h. 219 

Survival during 30 days and 365/720 days of follow-up according to the 220 

classification provided by the hs-cTnI-Access 0/2h-algorithm was plotted in Kaplan-221 

Meier curves and the log-rank test was used to assess differences in survival between 222 

groups. Bootstrapping has been used to calculate confidence intervals. 223 
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All hypothesis testing was two-tailed and P-values <0.05 were considered 224 

statistically significant. Statistical analyses were performed using IBM SPSS Statistics 225 

for Windows, version 25.0 (SPSS Inc), MedCalc 17.6 (MedCalc Software) and Stata 226 

14 (StataCorp). 227 

 228 

 229 

 230 

 231 

 232 

 233 

 234 

 235 

 236 

 237 

 238 

 239 

 240 

 241 

 242 

 243 

 244 

 245 

 246 

 247 

 248 

 249 



11 
 

References 250 

1.  Lindahl B, Jernberg T, Badertscher P, Boeddinghaus J, Eggers KM, Frick M, et 251 
al. An algorithm for rule-in and rule-out of acute myocardial infarction using a 252 
novel troponin I assay. Heart. 2017;103:125–31.  253 

2.  Klinkenberg LJJ, Wildi K, van der Linden N, Kouw IWK, Niens M, Twerenbold 254 
R, et al. Diurnal Rhythm of Cardiac Troponin: Consequences for the Diagnosis 255 
of Acute Myocardial Infarction. Clin Chem. 2016;62:1602–11.  256 

3.  Hillinger P, Twerenbold R, Wildi K, Rubini Gimenez M, Jaeger C, 257 
Boeddinghaus J, et al. Gender-specific uncertainties in the diagnosis of acute 258 
coronary syndrome. Clin Res Cardiol. 2017;106:28–37.  259 

4.  Twerenbold R, Jaeger C, Rubini Gimenez M, Wildi K, Reichlin T, Nestelberger 260 
T, et al. Impact of high-sensitivity cardiac troponin on use of coronary 261 
angiography, cardiac stress testing, and time to discharge in suspected acute 262 
myocardial infarction. Eur Heart J. 2016;37:3324–32.  263 

5.  Wildi K, Nelles B, Twerenbold R, Rubini Giménez M, Reichlin T, Singeisen H, 264 
et al. Safety and efficacy of the 0 h/3 h protocol for rapid rule out of myocardial 265 
infarction. Am Heart J. 2016;181:16–25.  266 

6.  Badertscher P, Boeddinghaus J, Nestelberger T, Twerenbold R, Wildi K, Sabti 267 
Z, et al. Effect of Acute Coronary Syndrome Probability on Diagnostic and 268 
Prognostic Performance of High-Sensitivity Cardiac Troponin. Clin Chem. 269 
2018;64:515–25.  270 

7.  Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow DA, et al. 271 
Fourth universal definition of myocardial infarction (2018). Eur Heart J. 2018;  272 

8.  Thygesen K, Alpert JS, White HD. Universal Definition of Myocardial Infarction. 273 
Circulation. 2007;116:2634–53.  274 

9.  Thygesen K, Mair J, Giannitsis E, Mueller C, Lindahl B, Blankenberg S, et al. 275 
How to use high-sensitivity cardiac troponins in acute cardiac care. Eur Heart J. 276 
2012;33:2252–7.  277 

10.  Apple FS, Jesse RL, Newby LK, Wu AHB, Christenson RH, Christenson RH, et 278 
al. National Academy of Clinical Biochemistry and IFCC Committee for 279 
Standardization of Markers of Cardiac Damage Laboratory Medicine Practice 280 
Guidelines: Analytical Issues for Biochemical Markers of Acute Coronary 281 
Syndromes. Clin Chem. 2007;53:547–51.  282 

11.  Roffi M, Patrono C, Collet J-P, Mueller C, Valgimigli M, Andreotti F, et al. 2015 283 
ESC Guidelines for the management of acute coronary syndromes in patients 284 
presenting without persistent ST-segment elevation. Eur Heart J. 37.  285 

12.  Reichlin T, Irfan A, Twerenbold R, Reiter M, Hochholzer W, Burkhalter H, et al. 286 
Utility of absolute and relative changes in cardiac troponin concentrations in the 287 
early diagnosis of acute myocardial infarction. Circulation. 2011;124:136–45.  288 

13.  Wildi K, Reichlin T, Twerenbold R, Mäder F, Zellweger C, Moehring B, et al. 289 
Serial changes in high-sensitivity cardiac troponin I in the early diagnosis of 290 
acute myocardial infarction. Int J Cardiol. 2013;168:4103–10.  291 

14.  Irfan A, Reichlin T, Twerenbold R, Meister M, Moehring B, Wildi K, et al. Early 292 
diagnosis of myocardial infarction using absolute and relative changes in 293 
cardiac troponin concentrations. Am J Med. Elsevier Inc; 2013;126:781-788.e2.  294 



12 
 

15.  Mueller M, Biener M, Vafaie M, Doerr S, Keller T, Blankenberg S, et al. 295 
Absolute and relative kinetic changes of high-sensitivity cardiac troponin T in 296 
acute coronary syndrome and in patients with increased troponin in the 297 
absence of acute coronary syndrome. Clin Chem. 2012;58:209–18.  298 

16.  Biener M, Mueller M, Vafaie M, Keller T, Blankenberg S, White HD, et al. 299 
Comparison of a 3-hour versus a 6-hour sampling-protocol using high-300 
sensitivity cardiac troponin T for rule-out and rule-in of non-STEMI in an 301 
unselected emergency department population. Int J Cardiol. Elsevier Ireland 302 
Ltd; 2013;167:1134–40.  303 

17.  Biener M, Giannitsis E, Lamerz J, Mueller-Hennessen M, Vafaie M, Katus HA. 304 
Prognostic value of elevated high-sensitivity cardiac troponin T levels in a low 305 
risk outpatient population with cardiovascular disease. Eur Hear journal Acute 306 
Cardiovasc care. 2016;5:409–18.  307 

18.  Vasile VC, Saenger AK, Kroning JM, Jaffe AS. Biological and analytical 308 
variability of a novel high-sensitivity cardiac troponin T assay. Clin Chem. 309 
2010;56:1086–90.  310 

19.  Wu AHB, Quynh AL, Todd J, Moecks J, Wians F. Short- and long-term 311 
biological variation in cardiac troponin I measured with a high-sensitivity assay: 312 
Implications for clinical practice. Clin Chem. 2009;55:52–8.  313 

20.  Hammarsten O, Fu MLX, Sigurjonsdottir R, Petzold M, Said L, Landin-314 
Wilhelmsen K, et al. Troponin T percentiles from a random population sample, 315 
emergency room patients and patients with myocardial infarction. Clin Chem. 316 
2012;58:628–37.  317 

21.  Than M, Cullen L, Aldous S, Parsonage W a., Reid CM, Greenslade J, et al. 2-318 
Hour accelerated diagnostic protocol to assess patients with chest pain 319 
symptoms using contemporary troponins as the only biomarker: The ADAPT 320 
trial. J Am Coll Cardiol. Elsevier Inc.; 2012;59:2091–8.  321 

22.  Cullen L, Greenslade JH, Hawkins T, Hammett C, O’Kane S, Ryan K, et al. 322 
Improved Assessment of Chest pain Trial (IMPACT): assessing patients with 323 
possible acute coronary syndromes. Med J Aust. 2017;207:195–200.  324 

23.  Luepker R V., Apple FS, Christenson RH, Crow RS, Fortmann SP, Goff D, et 325 
al. Case definitions for acute coronary heart disease in epidemiology and 326 
clinical research studies: a statement from the AHA Council on Epidemiology 327 
and Prevention. Circulation. 2003;108:2543–9.  328 

24.  Rubini Gimenez M, Twerenbold R, Jaeger C, Schindler C, Puelacher C, Wildi 329 
K, et al. One-hour Rule-in and Rule-out of Acute Myocardial Infarction Using 330 
High-sensitivity Cardiac Troponin I. Am J Med. Elsevier Ltd; 2015;128:861-331 
870.e4.  332 

25.  Shah AS V, Anand A, Sandoval Y, Lee KK, Smith SW, Adamson PD, et al. 333 
High-sensitivity cardiac troponin I at presentation in patients with suspected 334 
acute coronary syndrome: a cohort study. Lancet (London, England). 335 
2015;386:2481–8.  336 

26.  Nestelberger T, Wildi K, Boeddinghaus J, Twerenbold R, Reichlin T, Giménez 337 
MR, et al. Characterization of the observe zone of the ESC 2015 high-338 
sensitivity cardiac troponin 0 h/1 h-algorithm for the early diagnosis of acute 339 
myocardial infarction. Int J Cardiol. 2016;207:238–45.  340 

27.  Jaeger C, Wildi K, Twerenbold R, Reichlin T, Gimenez MR, Neuhaus J-D, et al. 341 



13 
 

One-hour rule-in and rule-out of acute myocardial infarction using high-342 
sensitivity cardiac troponin I. Am Heart J. Elsevier B.V.; 2015;  343 

28.  Reichlin T, Cullen L, Parsonage W a., Greenslade J, Twerenbold R, Moehring 344 
B, et al. Two-hour algorithm for triage toward rule-out and rule-in of acute 345 
myocardial infarction using high-sensitivity cardiac troponin T. Am J Med. 346 
Elsevier Inc; 2015;128:369-79.e4.  347 

29.  Boeddinghaus J, Reichlin T, Cullen L, Greenslade JH, Parsonage WA, 348 
Hammett C, et al. Two-Hour Algorithm for Triage toward Rule-Out and Rule-In 349 
of Acute Myocardial Infarction by Use of High-Sensitivity Cardiac Troponin I. 350 
Clin Chem. 2016;62:494–504.  351 

30.  Reichlin T, Twerenbold R, Wildi K, Rubini Gimenez M, Bergsma N, Haaf P, et 352 
al. Prospective validation of a 1-hour algorithm to rule-out and rule-in acute 353 
myocardial infarction using a high-sensitivity cardiac troponin T assay. CMAJ. 354 
2015;187:E243-52.  355 

31.  Mueller M, Biener M, Vafaie M, Doerr S, Keller T, Blankenberg S, et al. 356 
Absolute and relative kinetic changes of high-sensitivity cardiac troponin T in 357 
acute coronary syndrome and in patients with increased troponin in the 358 
absence of acute coronary syndrome. Clin Chem. 2012;58:209–18.  359 

32.  Fonarow GC, Adams KF, Abraham WT, Yancy CW, Boscardin WJ, ADHERE 360 
Scientific Advisory Committee, Study Group  and I. Risk stratification for in-361 
hospital mortality in acutely decompensated heart failure: classification and 362 
regression tree analysis. JAMA. 2005;293:572–80.  363 

 364 

 365 

 366 

 367 

 368 

 369 

 370 

 371 

 372 



14 
 

Online Tables and Figures 373 

Supplemental Table 1: Study specific characteristics in both 
cohorts 

 

 Derivation cohort (APACE) Validation cohort (ADAPT and 
IMPACT) 

Study design and study population  

Study design prospective observational study 
prospective observational study 

(ADAPT) Intervention study 
(IMPACT) 

Study centers 
12 centers in 5 European countries 
(Switzerland, Spain, Italy, Poland, 

Czech Republic) 
1 center in Australia  

Inclusion criteria 
patients presenting with symptoms 
suggestive of AMI to an ED, age 

≥18years 

patients presenting with symptoms 
suggestive of AMI to an ED, age 

≥18years 

Informed Consent Obtained in the emergency 
department 

Obtained in the emergency 
department or during hospitalization 

Chest pain onset onset or peak within last 12h before 
presentation 

onset or peak within last 12h before 
presentation 

Exclusion criteria 
Patients with terminal renal failure on 
chronic dialysis, no informed consent 

obtained 

Patients with a clear cause other 
than acute coronary syndrome at 

presentation, palliative treatment at 
presentation, pregnant women, 

transfer from another hospital no 
informed consent obtained 

All 3 studies carried out according to the principles of the Declaration of Helsinki and approved by the local 
ethics committees. 

Written informed consent was obtained from all patients. 

Routine clinical assessment 

medical history, 34 predefined chest 
pain characteristics, vital signs, 

physical examination, 12-lead ECG, 
continuous ECG rhythm monitoring, 
pulse oximetry, standard blood tests, 

chest radiography 

medical history, vital signs, physical 
examination, 12-lead ECG, 

continuous ECG rhythm monitoring, 
pulse oximetry, standard blood tests, 

chest radiography 

Routine treatment of patients at discretion of the attending 
physician 

at discretion of the attending 
physician 

   

Investigational troponin assays hs-cTnT Elecsys, hs-cTnI Architect 
and Hs-cTnI Access 

hs-cTnT Elecsys, hs-cTnI Architect 
and Hs-cTnI Access 
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Blood sampling 

obtained in plasma or EDTA tubes, 
centrifugated and frozen at -80°C 

until assayed in a blinded fashion in 
a dedicated core laboratory. 

obtained in plasma or EDTA tubes, 
centrifugated and frozen at -80°C 

until assayed in a blinded fashion in 
a dedicated core laboratory. 

Time points of measurement at presentation and after 1h, 2h, 3h 
and 6h 

at presentation and after 2h and 6h 
to 12h for ADAPT 

at presentation and after 2h for low to 
intermediate risk patients and 6 to 

12h for high risk patients in IMPACT 

Number of patients with 
measured hs-cTnT/I (for APACE) 
and s-cTnI (for ADAPT and 
Impact) concentration for 
adjudication 

0h: 1131/1131 patients (100%)  
1h: 1091/1131 patients (96.5%) 
2h: 1129/1131 patients (99.8%) 
3-6h: 442/1131 patients (39.1%) 

 
Clinically used assays: 

0-2h 1115/1132 (98.6%) 
3-6h 567/1131 (50.1%) 

0h: 1277/1280 (99.8%) 
2h: 1275/1280 (99.6%) 
6h: 687/1280 (53.7%)  

 

central adjudication of final diagnoses 

Troponin assays used for central 
adjudication of final diagnoses 

hs-cTnT Elecsys Roche Assay, and 
hs-cTnI Architect Abbott Assay 

measured at presentation and after 
1h to 6h 

 

PLUS 

the clinically used (hs)-cTnT/I assay  
(hs-cTnT, or s-cTnI-Vista, or cTnI-

Axsym, or cTnT) 
measured at presentation and 

serially thereafter 
 

cTnI Beckman Coulter 2nd 
generation AccuTnI assay measured 
at presentation and after 6h to 12h 

Troponin criteria used for central 
adjudication to qualify for AMI 

at least one value above the 99th 
percentile together with a significant 
rise and/or fall defined as a rise or 

fall of at least 10ng/L within six 
hours, or of 6ng/L within three hours 

at least one value above the 99th 
percentile together with a significant 
rise and/or fall defined as a relative 

change of at least 20% 

Number of patients who are lost 
for follow-up 2/1131 patients (0.2%) 

No patients were lost to follow-up. 
However, one-year follow-up only 

occurred for the 1056/1280 of 
patients who consented to be 

contacted at 1 year. 

Table Legend: AMI: acute myocardial infarction, ED: emergency department, ECG: electrocardiography, (hs)-
cTn: high sensitivitiy-cardiac troponin 
LBBB: left bundle branch block, * = detailed description of investigational assays in the main manuscript 

 374 

 375 



16 
 

 376 

 377 

 Section & Topic No Item Reported on 
page # 

     

 TITLE OR 
ABSTRACT 

  1,2 

  1 Identification as a study of diagnostic accuracy using at least one 
measure of accuracy 
(such as sensitivity, specificity, predictive values, or AUC) 

3,5,6 

 ABSTRACT    
  2 Structured summary of study design, methods, results, and conclusions  

(for specific guidance, see STARD for Abstracts) 
2 

 INTRODUCTION    
  3 Scientific and clinical background, including the intended use and clinical 

role of the index test 
4 

  4 Study objectives and hypotheses 4 
 METHODS    
 Study design 5 Whether data collection was planned before the index test and reference 

standard  
were performed (prospective study) or after (retrospective study) 

5-8, supplement 

 Participants 6 Eligibility criteria  5-6, supplement 
  7 On what basis potentially eligible participants were identified  

(such as symptoms, results from previous tests, inclusion in registry) 
5-6, supplement 

  8 Where and when potentially eligible participants were identified (setting, 
location and dates) 

5-6, supplement 

  9 Whether participants formed a consecutive, random or convenience 
series 

5-6, supplement 

 Test methods 10a Index test, in sufficient detail to allow replication 5-8 
  10b Reference standard, in sufficient detail to allow replication 5-8 
  11 Rationale for choosing the reference standard (if alternatives exist) 5-8 
  12a Definition of and rationale for test positivity cut-offs or result categories  

of the index test, distinguishing pre-specified from exploratory 
5-8 

  12b Definition of and rationale for test positivity cut-offs or result categories  
of the reference standard, distinguishing pre-specified from exploratory 

5-8 

  13a Whether clinical information and reference standard results were 
available  
to the performers/readers of the index test 

5-8 

  13b Whether clinical information and index test results were available  
to the assessors of the reference standard 

5-8 

 Analysis 14 Methods for estimating or comparing measures of diagnostic accuracy supplement 
  15 How indeterminate index test or reference standard results were handled supplement 
  16 How missing data on the index test and reference standard were handled supplement 
  17 Any analyses of variability in diagnostic accuracy, distinguishing pre-

specified from exploratory 
supplement 

  18 Intended sample size and how it was determined n/a 
 RESULTS    
 Participants 19 Flow of participants, using a diagram supplemental 

Figure 1 
  20 Baseline demographic and clinical characteristics of participants 9, Table 1A, 1B 
  21a Distribution of severity of disease in those with the target condition 9-11 
  21b Distribution of alternative diagnoses in those without the target condition 9-11 
  22 Time interval and any clinical interventions between index test and 

reference standard 
9-11 

 Test results 23 Cross tabulation of the index test results (or their distribution)  
by the results of the reference standard 

9-11 

  24 Estimates of diagnostic accuracy and their precision (such as 95% 
confidence intervals) 

9-11 

  25 Any adverse events from performing the index test or the reference 
standard 

Table 2 

 DISCUSSION    
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  26 Study limitations, including sources of potential bias, statistical 
uncertainty, and generalisability 

14-15 

  27 Implications for practice, including the intended use and clinical role of 
the index test 

12-15 

 OTHER 
INFORMATION 

   

  28 Registration number and name of registry 3 
  29 Where the full study protocol can be accessed 3 
  30 Sources of funding and other support; role of funders 16-18 
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Supplemental 
Figure 1 Concept of the hs-cTnI-Access 0/2h-algorithm  

 

The official concept of the hs-cTn 0/2h-algorithm. Patients are triaged towards rule-out, 

observe, and rule-in. *if chest pain onset >3h 
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Supplemental 
Figure 2A Patient flow of enrolled patients in the derivation cohort 

 

Hs-cTnI denotes high-sensitivity cardiac troponin I; hs-cTnT denotes high-sensitivity 

cardiac troponin T; STEMI denotes ST-elevation myocardial infarction. 
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Supplemental 
Figure 2B Patient flow of enrolled patients in the validation cohort 

 

Hs-cTnI denotes high-sensitivity cardiac troponin I; hs-cTnT denotes high-sensitivity 

cardiac troponin T; STEMI denotes ST-elevation myocardial infarction. 
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Boxes represent medians and interquartile ranges (IQRs), while whiskers display the 

smallest and the largest non-outliers. Rings display outliers further than 1.5 IQRs and 

stars display outliers further than 3 IQRs from the respective end of the box. AMI 

denotes acute myocardial infarction; hs-cTnI denotes high-sensitivity cardiac troponin 

I.    

 
 

Supplemental 
Figure 3A 

Boxplots showing Concentrations of hs-cTnI-Access at 
Presentation according to the final diagnosis the derivation 
cohort 
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Boxes represent medians and interquartile ranges (IQRs), while whiskers display the 

smallest and the largest non-outliers. Rings display outliers further than 1.5 IQRs and 

stars display outliers further than 3 IQRs from the respective end of the box. AMI 

denotes acute myocardial infarction; hs-cTnI denotes high-sensitivity cardiac troponin 

I 

Supplemental 
Figure 3B 

Boxplots showing Concentrations of hs-cTnI-Access at 
Presentation according to the final diagnosis the validation 
cohort 
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Supplemental  
Figure 4 Histograms 

 
Histograms highlighting the distribution of hs-cTnI concentrations at presentation and 

after 2h in the derivation and the validations cohorts. 
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Supplemental  
Figure 5A 

Direct Comparison of the hs-cTnI-Access 0/2h-algorithm with 
the hs-cTnT-Elecsys and hs-cTnI-Architect 0/2h-algorithms in 
the derivation cohort 

 
Direct comparison of the diagnostic performance of (A) the hs-cTnI-Access 0/2h-

algorithm with (B) the hs-cTnT-Elecsys 0/2h-algorithm and (C) the hs-cTnI-Architect 

0/2h-algorithm in the derivation cohort. NSTEMI denotes non-ST-elevation myocardial 

infarction; 0h/2h denotes based on zero-hour or two-hour blood sample obtained at 

presentation to the ED and after two-hours; Delta 2h│ denotes absolute (unsigned) 

change of high-sensitivity cardiac troponin I within two hours; NPV denotes negative 

predictive value; Sens. denotes sensitivity; PPV denotes positive predictive value; 

Spec. denotes specificity; * denotes chest pain onset <2 hours 
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Supplemental  
Figure 5B 

Direct Comparison of the hs-cTnI-Access 0/2h-algorithm with 
the hs-cTnT-Elecsys and hs-cTnI-Architect 0/2h-algorithms in 
the validation cohort 

 
Direct comparison of the diagnostic performance of (A) the hs-cTnI-Access 0/2h-

algorithm with (B) the hs-cTnT-Elecsys 0/2h-algorithm and (C) the hs-cTnI-Architect 

0/2h-algorithm in the derivation cohort. NSTEMI denotes non-ST-elevation myocardial 

infarction; 0h/2h denotes based on zero-hour or two-hour blood sample obtained at 

presentation to the ED and after two-hours; Delta 2h│ denotes absolute (unsigned) 

change of high-sensitivity cardiac troponin I within two hours; NPV denotes negative 

predictive value; Sens. denotes sensitivity; PPV denotes positive predictive value; 

Spec. denotes specificity; * denotes chest pain onset <2 hours 
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Supplemental  
Figure 6A 

Forest plots for algorithm performance in predefined subgroup 
analyses in the derivation cohort. 

 
Forest plots indicating sensitivity (A), negative predictive value (NPV, B), specificity (C) 

and positive predictive value (PPV, D) for predefined subgroup analyses. CAD 

indicates coronary artery disease; cpo, chest pain onset; and eGFR, estimated 

glomerular filtration rate. 
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Supplemental  
Figure 6B 

Forest plots for algorithm performance in predefined subgroup 
analyses in the validation cohort. 

 
Forest plots indicating sensitivity (A), negative predictive value (NPV, B), specificity (C) 

and positive predictive value (PPV, D) for predefined subgroup analyses. CAD 

indicates coronary artery disease; cpo, chest pain onset; and eGFR, estimated 

glomerular filtration rate. 
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