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Abstract (word count 319)

Objectives. There is sparse information on the safety of early primary discharge from the Emergency 

Department (ED) after rule-out of MI in suspected ACS. A dual marker strategy based on a normal 

cardiac troponin (Tn or hsTn) and a normal Copeptin, previously tested in a randomized trial, reduced 

ED stay and hospital admissions without an excess of MACE rates within 30 days compared to standard 

care. To confirm the randomized study results in clinical routine in patients at low-to-intermediate risk, 

having a broader spectrum of symptoms, across different institutional standards, and with a range of 

local troponin assays including hsTn, cTn, and POC Tn.

Design

Prospective, multi center European registry.

Setting

18 Emergency departments in 9 European countries (Germany, Austria, Switzerland, France, Spain, 

United Kingdom, Turkey, Lithuania, Hungary)

Participants

The final study cohort consisted of 2,294 patients (57.2% males, median age 57 years) with suspected 

acute coronary syndrome (ACS).

Interventions

This was a prospective registry. Using the new dual markers strategy, 1,477 patients were eligible for 

direct discharge, which was realized in 974 (42.5%) of patients. 

Main outcome measures

The primary endpoint was all-cause mortality at 30 days.

Results

Compared to conventional work-up, the median length of ED stay was 60 minutes shorter (228 min vs 

288 min, p<0.001) in the primary discharged group. All-cause mortality was 0.1% in this group vs 1.1% 

in the conventional work-up group (p<0.001). Conventional work-up instead of discharge despite 

negative biomarkers was observed in 503 patients (21.9%) and associated with higher prevalence of 

ACS (17.1% vs 0.9%, p<0.001), cardiac diagnoses (55.2% vs 23.5%, p<0.001) and risk factors (p<0.01), 

but with a similar all-cause mortality (0.2% vs 0.1%, p=0.64).

Conclusions. Copeptin on top of cardiac troponin supports safe discharge in patients with chest pain 

or other symptoms suggestive of ACS under routine conditions with the use of a broad spectrum of 

local standard POC, conventional and high sensitivity troponin assays.

Trial registration

ClinicalTrials.gov NCT02490969

Key words: Registry, acute coronary syndrome, myocardial infarction, Copeptin, troponin, mortality
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Strengths and limitations of this study

 This is the first study of its kind to examine the clinical use of a fast rule-out and early 

discharge concept in suspected acute myocardial infarction using cardiac troponin and 

copeptin in a large European registry

 The study supports the conclusions of large observational studies and a randomized 

process trial regarding the safe use of the combination of cardiac troponin and copeptin 

in daily routine.

 The study shows the potential for more than 50% of patients presenting with acute chest 

pain or other symptoms suggestive of myocardial infarction to be directly discharged to 

outpatient workup after thorough clinical assessment and a single blood draw

 The study has been carried out in experienced centers, thus in settings with lower clinical 

expertise results may differ

Introduction

Chest pain accounts for approximately 8 million annual emergency department (ED) visits in the United 

States (1), rendering chest pain the second most common presenting symptom. In a pooled analysis 

on 51 observational trials, the prevalence of the final diagnosis of ACS was confirmed in a median of 

14%, with a range between 5% to 42% (2).

An effective risk stratification is paramount to select the most appropriate decision for admission or 

direct discharge because admission of patients at low or very low risk is not safe (3,4) as it increases 

the risk to receive unnecessary coronary angiography, coronary interventions, multiple re-admissions 

(3), and eventually the risk of peri-procedural myocardial injury or type 4 MI, and procedure-related 

major bleedings (4). Moreover, unselected admission of chest pain patients for further work-up for the 

evaluation of ACS is time consuming and costly (5,6). During an interval of only 9 years (from 1999–

2008), the use of advanced medical imaging for ED visits related to chest pain was found to increase 

dramatically by 367.6% in the CDC/NCHS, National Hospital Ambulatory Medical Care Survey (7).  On 

the other hand, early discharge is also not without risk, as up to 2–5% of patients with ACS are reported 

to be inappropriately discharged from the ED every year (5,8) although the methodology to assess 

these numbers is limited (no complete follow up of all patients, no exact differentiation between 

incident and prevalent AMI and the components of ACS). Nevertheless, missed or incident AMI early 

after discharge is associated with a hazard ratio for death of 1.7 to 1.9% (8). Missed AMIs account for 
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20% of US emergency medicine related litigation dollars (9). Currently, use of high sensitivity cardiac 

troponins has improved the accuracy and earlier detection of an MI (10-13), and very low 

concentrations of hsTn have been reported to safely rule-out an MI and to be associated with rates of 

death or MI below 1% (14-17). Accordingly, 2015 ESC guidelines on NSTE-ACS (10) discourage routine 

coronary angiography in low risk patients and recommend early discharge after clinical risk 

stratification, and a pre- or post-discharge stress imaging test for the decision of a selective invasive 

strategy. Supporting evidence for early uneventful discharge of low risk patients stems mainly from 

observational studies (14,15,18,19) where investigators were commonly blinded to the investigational 

hsTn results, were unaware of retrospectively derived optimal decision cutoffs, and managed patients 

at their own discretion following standards of care applicable at that time. In fact, most of the patients 

who retrospectively fulfilled early rule-out criteria were kept in hospital and neither medical measures 

nor non cardiac diagnoses are reported. Only few interventional clinical trials evaluated the safety of 

a randomized allocation to early discharge versus conventional care in patients at low (20,21) or low-

to-intermediate high risk (22). The Biomarkers-in-Cardiology 8 (BIC-8) trial (22) tested the utility of a 

dual biomarker strategy using normal cTn or hsTn values, i.e. below the upper limit of normal, mainly 

the 99th percentile, together with normal Copeptin values below the 95th percentile (<10 pmol/L) to 

identify candidates for direct early discharge from the ED. The findings demonstrated that this strategy 

reduced the length of observation time in the ED or chest pain unit and increased rates of discharge at 

a low risk for major adverse cardiovascular events (MACE) that was comparable or even lower in the 

per protocol analysis to standard of care. Compared to serial troponin-based protocols, advantages of 

the dual marker strategy include the ability of instant rule-out of MI without the need for additional 

blood draw, high sensitivities and negative predictive values (NPVs) for acute myocardial infarction 

(AMI) of Copeptin in combination with conventional or contemporary sensitive cTn assays (23-28), or 

POCT (29), particularly when hsTn or validated hsTn assays are not available, and supporting data for 

a safe discharge from a large, appropriately powered randomized multicenter trial (22). 

The aim of the present multicenter observational trial was to confirm the safety of this strategy in 

routine clinical practice, across a broad spectrum of cTn assays including POCT, in an unselected 

population with a broader range of symptoms, and at low-to-intermediate risk presenting with 

suspected ACS to 18 EDs in Europe and Turkey. 

Methods

The Pro-Core is a multi-center, international observational trial with 18 participating centers (figure 

1S) in Europe and formally Near East (Ankara, Turkey).

Adult men and women who present to an ED or chest pain unit (CPU) with signs and symptoms 

suggestive of acute coronary syndrome without ST-segment elevation (NSTE-ACS) and a low-to- 
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intermediate risk profile, in whom an early rule-out strategy for MI was applied and who therefore 

underwent single combined Troponin and Copeptin testing at admission as part of standard 

management.

Patients were eligible if they were aged ≥18 years, presented with symptoms suggestive of ACS such 

as acute chest discomfort, angina pectoris, or dyspnea as leading symptoms. Patients presenting with 

ST-segment elevation or a final diagnosis of ST-segment elevation myocardial infarction (STEMI) were 

excluded from analysis (see figure 1 for patient flow).

Patients underwent clinical assessment that included medical history, physical examination, standard 

blood test including measurements of local (hs)-cTn, Copeptin and 12-lead ECG. Baseline information 

included the Killip class, and clinical information to calculate the GRACE score. Physicians had access 

to all clinical information including Copeptin and cTn results that were reported with local turn-around-

times. Decision for primary discharge after rule-out using the dual biomarker strategy, or for 

disposition of patients if MI was not ruled out was left at the discretion of the attending physician. 

Patients were excluded if high risk features were evident (e.g. the GRACE score was above 140) and if 

hospital admission was obviously necessary at presentation for any reason. Final diagnosis of NSTE-

ACS was performed by the ED physician applying the criteria of the 3rd universal definition of AMI (30). 

All patients were contacted at 30 days to assess all-cause and cardiac mortality. Number of patients 

was limited to 300 patients per participating site to limit center bias.

Biomarkers and rule-out algorithms

Copeptin and cardiac troponin were tested from fresh unfrozen blood from a single blood sample 

drawn at admission to the ED or CPU as part of the routine patient management.

Copeptin was measured using the automated fluoro-immunoassay B∙R∙A∙H∙M∙S Copeptin proAVP 

KRYPTOR for the quantitative measurement of C-terminal pro-arginine-vasopressin (CT-proAVP, 

Copeptin) in human serum and plasma on the B∙R∙A∙H∙M∙S KRYPTOR compact PLUS platform. The test 

has a detection limit of 0.69 pmol/L and a functional assay sensitivity (detected by inter-assay precision 

of 20% CV) of 1.08 pmol/L. 

The recommended cut-off for the decision between a positive and a negative test is 10 pmol/L, 

corresponding to the 95th percentile of a healthy reference population. This cut-off was used in the 

randomized controlled trial by Möckel et al. (22), and is the recommended cut-off for the rule-out 

algorithms for MI.

Cardiac Troponin was measured at the individual institutions according to standard practice. An 

overview on local assays and cutoffs is provided as supplemental material (Table 1S). Briefly, Roche 

Elecsys hsTnT was used in 39%, followed by Abbott Architect hsTnI, Siemens (Vista, Loci), Beckman 
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Access TnI, and Radiometer (3rd gen. cTnT) in 22%, 22%, 11% and 6%, respectively. Conventional and 

high-sensitivity assays were permitted for the early rule-out strategy. 

A patient qualified as rule-out and for early discharge if he presented with signs and symptoms 

suggestive of ACS, together with a low-to-intermediate risk profile defined as the absence of high risk 

features (e.g. a GRACE score <140), and a combined negative testing of Copeptin and troponin, defined 

as Copeptin below 10 pmol/L and cardiac troponin below the local AMI decision limit as recommended 

by the guidelines, mostly the 99th percentile value of a healthy reference population provided by the 

manufacturer.

Follow-Up and Clinical End Points

The primary objective was to evaluate 30-day all-cause mortality in patients in whom acute myocardial 

infarction was ruled-out using the early dual marker rule-out strategy and who are therefore directly 

discharged from the ED. 

The secondary objectives were evaluated in all patients, irrespective of biomarker test results and 

disposition decisions. Secondary endpoints included the diagnosis of acute myocardial infarction, final 

hospital diagnoses, time to discharge/transfer from the ED/CPU, disposition decision (discharge or 

admission), length of hospital stay, ICU-treatment, performance of coronary angiography/ PCI/ CABG, 

performance of ECGs, stress testing, imaging, performance of cardiovascular monitoring, In-hospital 

all-cause mortality, 30-day all-cause mortality.

The study protocol also addressed those patients who were not primarily discharged or not admitted 

although criteria were fulfilled (over-rule). The reasons for over-rule or other protocol violations were 

registered. 

The study complies with the Declaration of Helsinki and received ethics approvals from all study sites' 

ethics committees. All patients provided written informed consent. The study was registered before 

enrollment of the first patient (ClinicalTrials.gov NCT02490969).

Statistical evaluation

Enrolment was restricted to a maximum number of 300 patients per center to ensure generality by 

avoiding the dominance of single centers. The total number of patients enrolled therefore depended 

rather on the number of participating centers than on their enrolment performance. As the primary 

objective of this registry was the monitoring of an already routinely applied clinical algorithm, no 

confirmatory study design was chosen and there was no sample size calculation performed. All data 

were entered into an online electronic case report form. Group comparisons for categorical variables 

were performed using chi-squared tests and for numerical variables using Wilcoxon rank-sum tests. A 

p-value below 0.05 was considered significant (no correction for multiple testing conducted).
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Statistical analyses were performed using the software R Version 3.1.2 and SPSS (IBM® SPSS Statistics, 

Version 21).

Patient and Public Involvement

Patients or public were not involved in the development of the study protocol.

Results

A total of 2,401 consecutive patients with suspected ACS were screened from September 16th 2015 

until the end of recruitment on May 23rd 2017. Of these, 107 patients were excluded from analysis due 

to incomplete biomarker or clinical information, withdraw of informed consent, or double entry (see 

patient flow diagram; Figure 1). The final study cohort consisted of 2,294 patients (57.2% males, 

median age 57 years) with suspected ACS. Numbers of recruited patients varied by study site but were 

limited per protocol to a maximum of 300 enrolments per site. The exact numbers of recruited patients 

is displayed in supplemental Figure 1S. 

The most prevalent leading symptom at presentation (Supplemental Figure 2, Table 1) was chest pain 

in 70.6% (n=1619), followed by diffuse or initially mixed symptoms in 12.9% (n=297), dyspnea in 5.2% 

(n=119), abdominal pain in 2.9% (n=66), , focal neurology in 0.7% (n=16), headache in 0.4% (n=9), or 

none of the listed symptoms in 7.3% (n=168). As expected from the inclusion criteria, the study cohort 

represented a low-to-intermediate risk group with a median GRACE score of 89 (25th; 75th percentile: 

67-114) and a Killip class of 1 in 96% of cases (n=2084). Time from onset of symptoms to presentation 

was below 12 hours in 50.8%. An interval of 0-3 hours, 3-6 hours and 6-12 hours was registered in 

26.3% (n=558), 13.3% (n=283), and 11.2% (n=238) of patients, respectively. ECG at presentation was 

non-diagnostic in 87.3% of patients. Regarding initial cTn and Copeptin results, a total of 2,017 patients 

(87.9%) were below the diagnostic cutoff of the local cTn, and 1,615 patients (70.4%) below the cutoff 

for Copeptin. A total of 1477 patients (64.4%) were below the decision cutoff for both biomarkers 

fulfilling the criteria for early primary discharge from the ED (theoretically maximal efficiency). 

Clinical pathways

974 patients (42.5%) were categorized into the primary discharge after fast rule-out pathway, and 

1,320 patients into the conventional work-up pathway. Of these, 654 patients did not follow a pre-

defined pathway but were either admitted although qualified for primary discharge (n=503, 21.9%), or 

were discharged although not ruled-out (n=151, 6.6%), see figure 2.

In the entire cohort, the overall rate of an ACS diagnosis was 12.7% (n=288), followed by non-cardiac 

chest pain in 28.8%, rhythm disorders in 8.7%, pulmonary disorders in 6.8%, stable CAD in 6.8%, 

hypertensive crisis in 6.3%, and gastrointestinal disease in 5.5%. Other cardiac diagnoses were present 

in 4%, and other unspecified diagnoses in 16.3% (Supplemental Figure 3S).  
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In the conventional care pathway, an ACS was diagnosed in 21.1% (n=279) with the majority classified 

as a NSTE-ACS (n=172, 61.6%). STEMI was an exceptional diagnosis in 15 patients (5.2%) since patients 

with STEMI were routed directly to the catheterization laboratory in most institutions and were not 

intended for inclusion. Only if STEMI was diagnosed later and not at admission such patients were 

enrolled. Other diagnosis included non-cardiac chest pain in 18.8% (n=247), rhythm disorders in 5.9% 

(n=133), stable CAD in 8.9% (n=117), pulmonary disease in 6.8% (n=90), hypertensive crisis in 5.9% 

(n=77), gastrointestinal disease in 4.7% (n=62), and other diagnoses in 14.1% (n=185).

In the primary discharge after fast rule-out pathway, only 9 patients (0.9%) were diagnosed as having 

an ACS, mostly unstable angina (n=4) or unclassified ACS (n=4), with only 1 case (0.1%) diagnosed as 

NSTEMI (NPV for MI of 99.9%). Rate of admission was only 0.1% due to a case where admission was 

forced by the referring primary care physician although discharge was planned.

There were two different ways how local investigators over-ruled the intended pathway. The larger 

group consisted of 503 patients (21.9%) who were allocated to the conventional care pathway at the 

discretion of the local investigator although they were categorized into the primary discharge after fast 

rule-out pathway. The second group consisted of 151 patients (6.6%) who were primarily discharged 

although they should have received conventional care). Reasons for the over-rule consisted mainly of 

decision of the physician to admit to hospital based on clinical judgment. Minor reasons were 

opposition of patients against serial blood sampling (n=2), and other unspecified reasons (n=6). 

There were differences between the primary discharge after fast rule-out pathway and the over-rulers 

into the conventional care pathway (Table 2). Patients were older, more frequently males, had more 

often a history of CAD or previous MI, more risk factors including a higher prevalence of arterial 

hypertension, hypercholesterolemia, and diabetes mellitus. In addition, patients had more often a 

diagnostic ECG, and higher GRACE scores. In addition, these patients received more often an ACS 

diagnosis, i.e. a diagnosis of unstable angina, and spent longer times in the ED. However, and 

importantly, rates of all-cause mortality at 30 days were not significantly different (0.2% vs 0.1%, p=1) 

compared to the primary discharge after fast rule-out pathway. 

Outcomes

The primary endpoint, all-cause death within 30 days among the primary discharge after fast rule-out 

pathway, occurred in only 1 case (0.1%). This death was not related to the biomarker algorithm: the 

patient was 70 years old, had a history of CAD and previous MI and presented with musculoskeletal 

symptoms, was primarily discharged and died 1 month later from metastatic lung cancer (table 3). 

By contrast, all-cause mortality rate in the conventional care pathway was 1.1% (n=14) and thus 

significantly higher (p=0.011) than in the primary discharge after fast rule-out pathway (Table 3). 

Diagnoses in the deceased patients of the conventional care pathway included ACS (n=5), non-cardiac 
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chest pain (n=2), pulmonary disease (n=2), neurological disease (n=1), rhythm disorders (n=1), stable 

CAD (n=1), heart failure (n=1), gastrointestinal disease (n=1), and non-specified others (n=1). Patients 

who died were a median of 15 years older, had more often dyspnea as the leading presenting 

symptom, presented more frequently more than 12 hours after symptom onset, and were 

characterized by higher GRACE score (167 vs 90 points, p<0.001) and Killip class. In addition, non-

survivors had received more extensive diagnostic workup, presented more often with a local cTn and 

Copeptin above cutoff, and median Copeptin values were significantly higher than among survivors 

(50.8 vs 7.0 pmol/L, p<0.001) underscoring the prognostic information that is provided by cTn and 

Copeptin independent of the underlying disease.

Regarding secondary endpoints, hospitalization rates were 0.1% in the primary discharge after fast 

rule-out pathway compared to 59% in the conventional care pathways (p<0.001).  As expected, median 

lengths of stay in the ED (treatment time) were significantly shorter in the primary discharge after fast 

rule-out pathway  vs the conventional care pathway (228 min vs 288 min, p<0.001, and rates of 

patients discharged within 0 to <1 hour (1.5% vs 3.6%), 1 to <2 hours  (13.2% vs 13.3%), and 2 to < 3 

hours (21.7% vs 16%), 3 to <6 hours (49.3% vs 37.3%) were significantly different  in primary discharge 

after fast rule-out pathway versus conventional care pathway (p for trend < 0.001). Conversely, rates 

of patients with longer ED treatment times > 6 hours were significantly lower in the primary discharge 

after fast rule-out pathway than in the conventional care pathway out group (14.2% vs 29.8%, 

p<0.001). 

Discussion

Information on the safety of direct discharge from an ED after rule-out of MI in patients with suspected 

ACS is almost exclusively restricted to findings that were generated in observational trials where 

attending physicians were commonly blinded to the investigational hsTn results, or to retrospectively 

determined optimal decision cutoffs, and where treatment decisions, based on at that time applicable 

standards of care, were left at the discretion of the treating physician (16-19,31).

Following the randomized BIC-8 study, which proofed safe discharge after instant rule-out of AMI by 

the use of troponin and Copeptin from a single blood draw (22), we could confirm in a large European 

registry that this is also true in clinical routine.

The superior analytical sensitivity of hsTn assays has already enabled an accurate rule-out of MI with 

sensitivities and NPVs of > 90% (10), facilitating fast rule-out based on either very low concentrations 

of hsTn assays obtained from a single measurement at presentation (14,15,16-19,32), or from serial 

blood draws after 1 to 3 hours (17-19,31,33-38) using hsTn at the 99th percentile (10-13), or slightly 

below (18,19) the 99th percentile of a healthy reference population. Integration of clinical judgment or 
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a validated clinical score such as the GRACE, TIMI, HEART, modified Goldman Score, MACS clinical 

decision rule, EDACS and Vancouver Chest Pain Algorithm, and North American Chest Pain Rule further 

improve NPV yielding NPV between 98.1-100% and 98.4-100% when cTn and hsTn assays were used, 

respectively (39). Although, 2015 ESC guidelines (10) discourage routine invasive strategy in low risk 

patients and rather recommend discharge following risk stratification, and a pre- or post-discharge 

stress imaging test to decide on a selective invasive strategy, evidence from randomized trials to 

endorse these recommendations is sparse (20,21,22).  The Manchester Acute Coronary Syndrome 

(MACS)-Pilot study (20) enrolled 138 patients with suspected cardiac chest pain who were randomized 

to receive care guided by the MACS decision rule or standard care. The primary efficacy outcome was 

a decision to discharge within 4 hours of arrival, without missed MI and without death, AMI or coronary 

revascularization occurring during 30 days of follow-up. This small pilot study found a significantly 

higher rate of uneventful primary discharge within 4 hours (26% vs 8%, p=0.004) among those guided 

by the MACS rule. The HeartPathway Trial enrolled 282 patients with suspected ACS stratified into risk 

categories using the HEART Score (21). The study was not powered to compare event rates in 

randomized groups but found a decreased objective cardiac testing at 30 days by 12.1%, a reduced 

length of stay by 12 hours, and an increase of early discharges by 21.3%.  The BIC-8 trial (22) that 

enrolled a total of 902 low-to-intermediate high risk patients using the GRACE score and subsequently 

randomized patients with normal presenting cTn and Copeptin values into an early discharge and a 

standard protocol group. The study demonstrated a reduction of observation time in the ED by more 

than 40% from a median of 7 hours to 3 hours, achieved a 5.6-fold increase in ED discharge rate from 

67.7 vs 12%, and a similar 5.2% rate of 30-day major adverse cardiovascular events that were liberally 

defined as all-cause death, survived sudden cardiac arrest, re-hospitalization for ACS, unplanned PCI 

or CABG, or documented life-threatening arrhythmias in the standard and Copeptin group (22).  

The present large multicenter registry was performed in patients with suspected ACS and low-to-

intermediate risk to test the usefulness of a dual biomarker strategy, consisting of a normal Copeptin 

and cTn, to rule-out MI from a single blood draw at admission and to discharge low risk patients 

primarily from the ED. In order to represent clinical practice of different type of institutions, variable 

local practice and across the spectrum of cTn assays and grades of assays sensitivities (40,41), this 

observational study was conducted in 18 different institutions in Europe and Asia. Institutions included 

EDs in community hospitals, and CPUs in PCI centers and few University hospitals. Patients qualified 

for enrolment in the presence of a broader spectrum of symptoms suggestive of ACS not limited to 

chest pain or angina, and a broad spectrum of cTn assays and different grades of analytical sensitivities 

including conventional, contemporary, and hsTn assays was permitted. To reduce dominance of few 

high recruiting centres, enrolment rates were restricted to 300 study patients per site.
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There were several key findings of this survey that support the usefulness and safety of this concept in 

clinical routine and outside of controlled clinical trials. First, earlier discharge from the ED in patients 

ruled-out at presentation using a single blood draw is feasible without any obvious safety concern. All-

cause mortality rate within 30 days was 0.1% and attributed to a case with metastatic lung cancer. 

Second, length of stay in the ED is significantly shorter by 60 minutes allowing an earlier discharge, a 

finding particularly useful in congested EDs or CPUs. Thus, the present registry data confirm the 

findings from the randomized BIC-8 trial (22) on reduced length of stay, increased discharge rates and 

support the safety of a primary planned discharge from an ED after clinical risk assessment. Third, the 

dual marker concept is efficient as it can be applied to at least 42.5%  (potentially effective in 66.4%) 

of patients presenting with chest pain or chest pain equivalent symptoms to an ED. Thus, efficacy of 

this dual marker strategy is almost comparable with the efficacy of the ESC recommended 0/1 h 

diagnostic algorithm that requires serial blood draws and a validated hsTn assay (currently Abbott 

Architect hsTnI and Roche hsTnT). While other fast rule-out algorithms based on very low hsTnI or 

hsTnT at the LoB or LoD may demonstrate similar diagnostic performance and safety, the numbers of 

patients who qualify are substantially lower (14,15,32) and these strategies have never been tested 

prospectively with patients being really discharged after testing. 

We found a relevant number of over-rule by local ED physician leading to an admission of patients who 

qualified for discharge by their biomarker results (34%).  Given that these patients had an uneventful 

clinical course (see table 2), void of primary or secondary events during follow-up, suggests an 

underestimated efficacy and more potential of safe discharge. Fourth, regarding the diagnostic 

performance for rule-out that was not in the scope of this survey, the dual marker algorithm was 

associated with a high negative predictive value of 99.9% for NSTEMI (1 missed NSTEMI) confirming 

the existing evidence on the diagnostic performance of the Copeptin/troponin dual marker strategy 

(22,26-28). Fifth, regarding secondary objectives, the dual marker strategy was associated with shorter 

stays in ED. Sixth, consistently with previous studies (26-28,42,43), elevated Copeptin levels were 

associated with all-cause mortality within 30 days providing confirmatory evidence that Copeptin 

confers prognostic information that is complementary to cTn or hsTn, in various acute cardiovascular 

settings including ACS (26-28,42,43), heart failure (44,45), and acute pulmonary embolism (46) but also 

non-cardiac disease. In addition, an elevated Copeptin should prompt a search for a variety of 

potentially life-threatening non-cardiac conditions including perforated stomach ulcer, pancreatitis, 

cholecystitis, bleedings, infections, or neurological disorders (47). 

Limitations

First, we observed very low rates of all-cause mortality at 30-days, i.e. 0.1% in the primary discharge 

after fast rule-out pathway as compared to 1.1% in the conventional care pathway. A selection bias 
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towards recruitment of a non-representable low risk ACS cohort cannot be fully excluded as inclusion 

criteria were not limited to typical chest pain, longer pain episodes or abnormal ECG findings. However, 

the study population was planned to represent a real life picture of patients who present in clinical 

routine with various symptoms and a wide range of risk. We believe that our study cohort is also similar 

to other observational studies enrolling patients with suspected ACS. The overall prevalence of ACS in 

this registry was 12.7% and is thus very consistent with a median of 13 to 14% prevalence of ACS 

reported in a pooled analysis of 51 observational trials on patients with suspected ACS (2), In addition, 

the median GRACE score was 89 points (25th/75th perc: 67; 117) which is very similar with the mean 

GRACE score of 80 (SD 28 points) in the randomized intervention trial (22). 

Second, rates of enrolment per site were heterogenous with a mix of high and low recruiting centers. 

However, the very low mortality rate does not allow any conclusion whether safety is influenced by 

center volumes or experience of physicians.

Third, currently a strategy for instant rule-out based on Copeptin and cTn is being recommended by 

2015 ESC guidelines on NSTE-ACS (10) and an updated consensus document of the German Society of 

Cardiology on the use of Copeptin in CPUs (48) and chest pain centers (49). However, there is a gap 

between the high recommendation level endorsed by numerous clinical trials (23-26,42,43), editorials 

and state-of-the-art reviews (38,39), meta-analyses (27,28), and National practice guidelines 

(10,48,49) on the one hand and the obvious underuse in clinical practice for suspected ACS. In the 

elective setting, Copeptin is currently used for the diagnosis of diabetes insipidus, a non-emergent 

diagnosis. In emergencies requiring immediate measurement, the most probable reason for underuse 

is that Copeptin has to be measured on a stand-alone device which is more labor-intensive than an 

automated central laboratory system, which leads to the suspicion that nowadays economic features 

in the laboratory are hurdles for state of the art use of biomarkers. Development of a POCT system for 

Copeptin and implementation of Copeptin to a central laboratory platform would overcome this 

obstacle.

Conclusions 

Copeptin on top of cardiac troponin is currently the only strategy that – based on a RCT and a large 

multi-centre registry - supports the safe direct discharge of patients with chest pain or chest pain 

equivalent symptoms suggestive of ACS under routine conditions. In this registry, investigators 

discharged 42.5% of patients directly after one blood draw without safety concerns. Over-rule analysis 

revealed potential for further 21.9% of cases. The concept appears to be robust across a spectrum of 

different cTn assays and assay sensitivities including the whole range of conventional, contemporary 

and high sensitivity cTn assays.
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We believe that the present findings will have enormous implications on health care resources by 

shortening observation times, hospitalization rates, reducing diagnostic resources, and avoid 

unnecessary coronary angiographies. 
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Table 1. Baseline characteristics of the patients 

Variable Category total (n=2294) primary 
discharge 
after fast 
rule out 
(n=974)

conventional 
work up 
(n=1320)

p-value

Age  59 (46, 72) 51 (39, 62) 65 (52, 75.25) <0.001
Gender Female 42.8% (981) 49.7% (484) 37.7% (497) <0.001

0 - 3 h 26.3% (558) 26% (228) 26.5% (330)
3 - 6 h 13.3% (283) 11.8% (103) 14.4% (180)
6 - 12 h 11.2% (238) 13.1% (115) 9.9% (123)

Onset of symptoms 
before 
presentation

> 12 h 49.2% (1043) 49.1% (430) 49.2% (613)

0.053

Chest pain 70.6% (1619) 76.9% (749) 65.9% (870)
Diffuse Symptoms / 
Initially Mixed Symptoms

12.9% (297) 9.9% (96) 15.2% (201)

None oft he Previous 7.3% (168) 6.6% (64) 7.9% (104)
Dyspnea 5.2% (119) 2.5% (24) 7.2% (95)
Abdominal pain 2.9% (66) 3.1% (30) 2.7% (36)
Focal Neurology 0.7% (16) 0.4% (4) 0.9% (12)

Leading sympton

Headache 0.4% (9) 0.7% (7) 0.2% (2)

<0.001

History of CAD 29.2% (656) 16.8% (158) 38.2% (498) <0.001
History of MI 11.7% (262) 7.3% (69) 14.8% (193) <0.001
Risk factor: HTN 53.8% (1189) 38.3% (357) 65.1% (832) <0.001
Risk factor: HLP 33.6% (708) 23.7% (210) 40.7% (498) <0.001
Diabetes Mellitus 15.6% (347) 9.3% (86) 20.1% (261) <0.001
Smoking 34.3% (633) 34.3% (264) 34.3% (369) 1.000
Positive Family 
History of CAD

32.4% (477) 32.3% (202) 32.5% (275) 0.956

<109 69.3% (1413) 86.1% (736) 57.2% (677)
109-140 21.9% (446) 12.7% (109) 28.5% (337)

Grace Score

≥ 140 8.8% (179) 1.2% (10) 14.3% (169)

<0.001

I 96% (2084) 98.4% (900) 94.3% (1184)
II 3.2% (70) 1.6% (15) 4.4% (55)
III 0.7% (15) 0% (0) 1.2% (15)

Killip class

IV 0% (1) 0% (0) 0.1% (1)

<0.001

ECG not diagnostic 87.3% (1971) 93% (892) 83% (1079) <0.001
ST-elevation 4.2% (94) 2.6% (25) 5.4% (69) 0.002
ST-depression 7.7% (170) 3.6% (34) 10.7% (136) <0.001
Local cTn negative 87.9% (2017) 100% (974) 79% (1043) <0.001
Copeptin [pmol/l] 7.0 (3.9, 11.8) 4.9 (3.2, 7.7) 10.2 (5.3, 

22.9)
<0.001

Copeptin negative 70.4% (1615) 100% (974) 48.6% (641) <0.001
Local troponin and 
copeptin

negative 64.4% (1477) 100% (974) 38.1% (503) <0.001

Numbers are medians, interquartile ranges and p-values of Wilcoxon rank-sum test for numerical 
variables and, percentages, counts and p-values of chi-square test for categorical variables.
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Table 2 Comparison of patient’s characteristics of primary discharge versus over-rule to conventional 
care despite eligibility for discharge by biomarker results

Variable Level Total (n=1477) Primary 
discharge (n=974)

Admission 
over-rule 
(n=503)

p-value

Age  59 (46, 72) 51 (39, 62) 61 (51.5, 73) <0.001
Gender Female 47.2% (697) 49.7% (484) 42.3% (213) 0.009

0 - 3 h 24.5% (333) 26% (228) 21.7% (105)
3 - 6 h 12.1% (165) 11.8% (103) 12.8% (62)
6 - 12 h 12.1% (164) 13.1% (115) 10.1% (49)

Onset of symptoms 
before 
presentation

> 12 h 51.3% (698) 49.1% (430) 55.4% (268)

0.060

Chest pain 73.9% (1092) 76.9% (749) 68.2% (343)
Diffuse/ 
Initially mixed 
symptoms

10.9% (161) 9.9% (96) 12.9% (65)

Dyspnea 4.4% (64) 2.5% (24) 8.1% (40)
Abdominal 
pain

2.8% (41) 3.1% (30) 2.2% (11)

Focal 
Neurology

0.5% (7) 0.4% (4) 0.6% (3)

Headache 0.6% (9) 0.7% (7) 0.4% (2)

Leading sympton

Other 6.9% (102) 6.6% (64) 7.6% (38)

<0.001

History of CAD 24.4% (351) 16.8% (158) 38.9% (193) <0.001
History of MI 9.5% (136) 7.3% (69) 13.5% (67) <0.001
Hypertension 48.7% (693) 38.3% (357) 68.2% (336) <0.001
HLP 29.5% (401) 23.7% (210) 40.6% (191) <0.001
Diabetes Mellitus 10.9% (155) 9.3% (86) 13.9% (69) 0.011
Smoking 34.6% (409) 34.3% (264) 35.1% (145) 0.838
Family History CAD 33.6% (322) 32.3% (202) 36% (120) 0.269

< 109 80.7% (1067) 86.1% (736) 70.7% (331)
109-140 16.8% (222) 12.7% (109) 24.1% (113)

Grace Score

≥ 140 2.6% (34) 1.2% (10) 5.1% (24)

<0.001

I 98.4% (1378) 98.4% (900) 98.4% (478)
II 1.6% (22) 1.6% (15) 1.4% (7)

Killip class

III 0.1% (1) 0% (0) 0.2% (1)

0.375

ACS total 6.5% (95) 0.9% (9) 17.1% (86)
unclassified 
ACS 

1.9% (28) 0.4% (4) 4.8% (24)

UAP 4% (58) 0.4% (4) 10.8% (54)
NSTEMI 0.3% (5) 0.1% (1) 0.8% (4)
AMI other 0.1% (2) 0% (0) 0.4% (2)

Final diagnoses

STEMI 0.1% (2) 0% (0) 0.4% (2)

<0.001

Main diagnosis Cardiac 34.4% (503) 23.5% (226) 55.2% (277) <0.001
Mortality 30days 0.1% (2) 0.1% (1) 0.2% (1) 1

Numbers are medians, interquartile ranges and p-values of Wilcoxon rank-sum test for numerical 
variables and percentages, counts and p-values of chi-square test for categorical variables. CAD, 
coronary artery disease; HLP, hyperlipidemia; UAP, unstable angina pectoris

Page 24 of 32

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

25

Table 3 All-cause death at 30 days and secondary outcomes

Variable Categories Total 
(n=2294)

Primary 
discharge 
after fast 
rule out 
(n=974)

Conventional 
work up 
(n=1320)

p-value

All-cause death 30days 0.7% (15) 0.1% (1)* 1.1% (14) 0.011
Exact length of stay 
in ED/CPU [hours]

 4.3 (2.9, 5.9) 3.8 (2.8, 5.3) 4.8 (3.2, 6.7) <0.001

0 - 1 h 2.6% (53) 1.5% (13) 3.6% (40)
1 - 2 h 13.3% (266) 13.2% (118) 13.3% (148)
2 - 3 h 18.6% (372) 21.7% (194) 16% (178)
3 - 6 h 42.7% (855) 49.3% (440) 37.3% (415)

Length of stay in 
ED/CPU

>= 6 h 22.9% (458) 14.2% (127) 29.8% (331)

<0.001

Peripheral ward 72.7% (562) 100% (1) 72.7% (561)
IMCU 17.6% (136) 0% (0) 17.6% (136)

Admission

ICU 9.7% (75) 0% (0) 9.7% (75)

0.829

Numbers are medians, interquartile ranges and p-values of Wilcoxon rank-sum test for numerical 
variables, percentages, counts and p-values of chi-square test for categorical variables

*70 years old male, known CAD, MI and COLD/asthma, Tn and Copeptin negative, ECG normal, 
diagnosis: non cardiac, atypical chest pain (musculoskeletal), death one month later from metastatic 
lung cancer.
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Figure 1. Patient flow chart
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Figure 2. Algorithm for an early rule-out strategy and guidance of primary early discharge versus 
general hospital admission (conventional work-up)
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Figure 3S
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Table 1S. Local standard troponin tests and cutoffs for MI diagnosis

Center Troponin test MI Cut-Off
Heidelberg Hs TnT, Elecsys, Roche Diagnostic 14 ng/l
UKB, Berlin Hs TnT, Elecsys, Roche Diagnostic 14 ng/l
CVK, Berlin AQT-Test POCT, Radiometer

hsTnT, Elecsys, Roche Diagnostic
30 ng/l
50 ng/l

Frankfurt Hs TnT, Elecsys, Roche Diagnostic 14 ng/l
Bad-Nauheim Hs TnT, Elecsys, Roche Diagnostic 14 ng /l

Mayen TnI Ortho Clinical Diagnostics and from 
19.4.16 TnI, LOCI, Siemens 

50 ng/l

Wien TnI, LOCI, Siemens 45 ng/l

Calais TnI, Access, Beckman and Coulter 30 ng/l (97.5th %le)

Vilnius Hs TnI, Architect, Abbott for men 34,2 ng/l

for women 15,6  ng/l

Budapest Hs TnT, Elecsys, Roche Diagnostic (Cobas 
e411)

14 ng/l

High Wycombe Hs TnI, Architect, Abbott for men 34,2 ng/l
for women 15,6 ng/l

Zollichberg, Zurich TnI-Ultra, Centaur, Siemens 40 ng/l
Aarau TnI, LOCI, Siemens 45 ng/l 

Berlin 
Hedwigshöhe

Hs TnI, Architect, Abbott 15 ng/l

Dijon TnI, Vista, Siemens 100 ng/l
Ankara TnI, Access, Beckman and Coulter 40 ng/l (99th %le)

Tulln Hs TnT, Elecsys, Roche Diagnostic 14 ng/l
Montpellier Hs TnT, Elecsys, Roche Diagnostic (Cobas 

8000/e602 analyzer)
14 ng/l
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STROBE Statement—Checklist of items that should be included in reports of cohort studies 

Item 
No Recommendation

Page 
No

(a) Indicate the study’s design with a commonly used term in the title or the 
abstract

1Title and abstract 1

(b) Provide in the abstract an informative and balanced summary of what was 
done and what was found

2

Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being 

reported

3

Objectives 3 State specific objectives, including any prespecified hypotheses 4

Methods
Study design 4 Present key elements of study design early in the paper 4

Setting 5 Describe the setting, locations, and relevant dates, including periods of 
recruitment, exposure, follow-up, and data collection

4

(a) Give the eligibility criteria, and the sources and methods of selection of 
participants. Describe methods of follow-up

4Participants 6

(b) For matched studies, give matching criteria and number of exposed and 
unexposed

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and 
effect modifiers. Give diagnostic criteria, if applicable

4-5

Data sources/ 
measurement

8*  For each variable of interest, give sources of data and details of methods of 
assessment (measurement). Describe comparability of assessment methods if 
there is more than one group

Bias 9 Describe any efforts to address potential sources of bias 5

Study size 10 Explain how the study size was arrived at 5

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 
describe which groupings were chosen and why

5

(a) Describe all statistical methods, including those used to control for 
confounding

6

(b) Describe any methods used to examine subgroups and interactions
(c) Explain how missing data were addressed
(d) If applicable, explain how loss to follow-up was addressed

Statistical methods 12

(e) Describe any sensitivity analyses

Results
(a) Report numbers of individuals at each stage of study—eg numbers potentially 
eligible, examined for eligibility, confirmed eligible, included in the study, 
completing follow-up, and analysed

6

(b) Give reasons for non-participation at each stage

Participants 13*

(c) Consider use of a flow diagram 24

(a) Give characteristics of study participants (eg demographic, clinical, social) 
and information on exposures and potential confounders

21

(b) Indicate number of participants with missing data for each variable of interest 21-
23

Descriptive data 14*

(c) Summarise follow-up time (eg, average and total amount) 8

Outcome data 15* Report numbers of outcome events or summary measures over time 8
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(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their 
precision (eg, 95% confidence interval). Make clear which confounders were adjusted for 
and why they were included

8

(b) Report category boundaries when continuous variables were categorized

Main results 16

(c) If relevant, consider translating estimates of relative risk into absolute risk for a 
meaningful time period

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity 
analyses

7

Discussion
Key results 18 Summarise key results with reference to study objectives 9

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. 
Discuss both direction and magnitude of any potential bias

11

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 
multiplicity of analyses, results from similar studies, and other relevant evidence

9-11

Generalisability 21 Discuss the generalisability (external validity) of the study results 9-11

Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if 

applicable, for the original study on which the present article is based

12

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 
available at http://www.strobe-statement.org.
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Abstract (294 words)

Abstract (word count 300)

Objectives. There is sparse information on the safety of early primary discharge from the Emergency 

Department (ED) after rule-out of MI in suspected ACS. This prospective registry aimed to confirm 

randomized study results in patients at low-to-intermediate risk, with a broader spectrum of 

symptoms, across different institutional standards, and with a range of local troponin assays including 

hs-cTn, cTn, and POC Tn.

Design

Prospective, multi center European registry.

Setting

18 Emergency departments in 9 European countries (Germany, Austria, Switzerland, France, Spain, 

United Kingdom, Turkey, Lithuania, Hungary)

Participants

The final study cohort consisted of 2,294 patients (57.2% males, median age 57 years) with suspected 

acute coronary syndrome (ACS).

Interventions

Using the new dual markers strategy, 1,477 patients were eligible for direct discharge, which was 

realized in 974 (42.5%) of patients. 

Main outcome measures

The primary endpoint was all-cause mortality at 30 days.

Results

Compared to conventional work-up after dual marker measurement, the median length of ED stay was 

60 minutes shorter (228min, 95%-CI: 219-239min vs. 288min, 95%-CI: 279-300min) in the primary DMS 

discharge group. All-cause mortality was 0.1% (95%-CI: 0%-0.6%) in the primary DMS discharge group 

vs. 1.1% (95%-CI: 0.6%-1.8%) in the conventional work-up group after dual marker measurement. 

Conventional work-up instead of discharge despite negative DMS biomarkers was observed in 503 

patients (21.9%) and associated with higher prevalence of ACS (17.1% vs 0.9%, p<0.001), cardiac 

diagnoses (55.2% vs 23.5%, p<0.001) and risk factors (p<0.01), but with a similar all-cause mortality of  

0.2% (95%-CI: 0%-1.1%) vs. primary DMS discharge (p=0.64).

Conclusions. Copeptin on top of cardiac troponin supports safe discharge in patients with chest pain 

or other symptoms suggestive of ACS under routine conditions with the use of a broad spectrum of 

local standard POC, conventional and high sensitivity troponin assays.

Trial registration

ClinicalTrials.gov NCT02490969
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Key words: Registry, acute coronary syndrome, myocardial infarction, Copeptin, troponin, mortality

Strengths and limitations of this study

 This is the first large European registry demonstrating the safety of the dual marker 

strategy using cardiac troponin and copeptin  for early discharge in patients with 

suspected acute coronary syndrome. 

 The study supports the conclusions of a large randomized process trial regarding the 

safety of discharge and a reduced length of stay in ED, expanding the results to less 

selected patients, broader range of local cTn assays and assay generations and across 

different institutional standards reflecting daily routine in clinical practice.

 The study shows the potential for more than 50% of patients presenting with acute chest 

pain or other symptoms suggestive of myocardial infarction to be directly discharged to 

outpatient workup after thorough clinical assessment and a single blood draw.

 The study has been carried out in experienced centers, thus in settings with lower clinical 

expertise results may differ.

Introduction

Chest pain accounts for approximately 8 million annual emergency department (ED) visits in the United 

States (1), rendering chest pain the second most common presenting symptom. In a pooled analysis 

on 51 observational trials, the prevalence of the final diagnosis of ACS was confirmed in a median of 

14%, with a range from 5% to 42% (2).

An effective risk stratification is paramount to select the most appropriate decision for admission or 

direct discharge because admission of patients at low or very low risk is not safe (3,4) as it increases 

the risk to receive unnecessary coronary angiography, coronary interventions, multiple re-admissions 

(3), and eventually the risk of peri-procedural myocardial injury or type 4 MI, and procedure-related 

major bleedings (4). Moreover, unselected admission of chest pain patients for further work-up for the 

evaluation of ACS is time consuming and costly (5,6). During an interval of only 9 years (from 1999–

2008), the use of advanced medical imaging for ED visits related to chest pain was found to increase 

dramatically by 367.6% in the CDC/NCHS, National Hospital Ambulatory Medical Care Survey (7).  On 
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the other hand, early discharge is also not without risk, as up to 2–5% of patients with ACS are reported 

to be inappropriately discharged from the ED every year (5,8) although the methodology to assess 

these numbers is limited (no complete follow up of all patients, no exact differentiation between 

incident and prevalent AMI and the components of ACS). Nevertheless, missed or incident AMI early 

after discharge is associated with a hazard ratio for death of 1.7 to 1.9% (8). Missed AMIs account for 

20% of US emergency medicine related litigation dollars (9). Currently, use of high sensitivity cardiac 

troponins has improved the accuracy and earlier detection of an MI (10-13), and very low 

concentrations of hs-cTn have been reported to safely rule-out an MI and to be associated with rates 

of death or MI below 1% (14-17). Accordingly, 2015 ESC guidelines on NSTE-ACS (10) discourage 

routine coronary angiography in low risk patients and recommend early discharge after clinical risk 

stratification, and a pre- or post-discharge stress imaging test for the decision of a selective invasive 

strategy. Supporting evidence for early uneventful discharge of low risk patients stems mainly from 

observational studies (14,15,18,19) where investigators were commonly blinded to the investigational 

hs-cTn results, were unaware of retrospectively derived optimal decision cutoffs, and managed 

patients at their own discretion following standards of care applicable at that time. In fact, most of the 

patients who retrospectively fulfilled early rule-out criteria were kept in hospital and neither medical 

measures nor non cardiac diagnoses are reported. Only few interventional clinical trials evaluated the 

safety of a randomized allocation to early discharge versus conventional care in patients at low (20,21) 

or low-to-intermediate high risk (22). The Biomarkers-in-Cardiology 8 (BIC-8) trial (22) tested the utility 

of a dual biomarker strategy using normal cTn or hs-cTn values, i.e. below the upper limit of normal, 

mainly the 99th percentile, together with normal Copeptin values below the 95th percentile (<10 

pmol/L) to identify candidates for direct early discharge from the ED. The findings demonstrated that 

this strategy reduced the length of observation time in the ED or chest pain unit and increased rates 

of discharge at a low risk for major adverse cardiovascular events (MACE) that was comparable or even 

lower in the per protocol analysis to standard of care. Compared to serial troponin-based protocols, 

advantages of the dual marker strategy include the ability of instant rule-out of MI without the need 

for additional blood draw, high sensitivities and negative predictive values (NPVs) for acute myocardial 

infarction (AMI) of Copeptin in combination with conventional or contemporary sensitive cTn assays 

(23-28), or POCT (29), particularly when hs-cTn or validated hs-cTn assays are not available, and 

supporting data for a safe discharge from a large, appropriately powered randomized multicenter trial 

(22). The value of Copeptin on top of detectable but still normal cTn or hs-cTn for rule-out of MI has 

been studied extensively and the DMS algorithm has been quoted as an additional option for instant 

rule-out in 2015 ESC guidelines (10). In contrast, there is sparse information from randomized trials on 

the safety of discharge (20,21) and the safety of discharge using a pre-specified algorithm has rarely 

been investigated in a prospective registry.
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Therefore, the aim of the present multicenter observational trial was to confirm the safety of this 

strategy that was previously reported in a randomized interventional trial (22) in routine clinical 

practice, across a broad spectrum of cTn assays including POCT, in an unselected population with a 

broader range of symptoms, and at low-to-intermediate risk presenting with suspected ACS to 18 EDs 

in Europe and Turkey. 

Methods

The Pro-Core is a multi-center, international observational trial with 18 participating centers (figure 

1S) in Europe and formally Near East (Ankara, Turkey).

We enrolled adult men and women who present to an ED or chest pain unit (CPU) with signs and 

symptoms suggestive of acute coronary syndrome without ST-segment elevation (NSTE-ACS). Eligible 

patients qualifying for the DMS strategy were recruited consecutively but entry was restricted to 

patients with a low or intermediate GRACE score. 

Patients were eligible if they were aged ≥18 years, presented with symptoms suggestive of ACS such 

as acute chest discomfort, angina pectoris, or dyspnea as leading symptoms. Patients presenting with 

ST-segment elevation or a final diagnosis of ST-segment elevation myocardial infarction (STEMI) were 

excluded from analysis (see figure 1 for patient flow).

Patients underwent clinical assessment that included medical history, physical examination, standard 

blood test including measurements of local (hs)-cTn, Copeptin and 12-lead ECG. Baseline information 

included the Killip class, and clinical information to calculate the GRACE score. Other clinical scores 

were not tested prospectively prohibiting any conclusion on their clinical usefulness. Physicians had 

access to all clinical information including Copeptin and cTn results that were reported with local turn-

around-times. Decision for primary discharge after rule-out using the dual biomarker strategy, or for 

disposition of patients if MI was not ruled out was left at the discretion of the attending physician. 

Patients were excluded if high risk features were evident (e.g. the GRACE score was above 140) and if 

hospital admission was obviously necessary at presentation for any reason. Final diagnosis of NSTE-

ACS was performed by the ED physician applying the criteria of the 3rd universal definition of AMI (30). 

Unstable angina was diagnosed in the presence of new or worsening symptoms of suspected 

myocardial ischemia but either normal or undetectable cTn concentrations in serial blood draws, or a 

cTn together with a Copeptin below the decision limit at presentation. Importantly, classification of 

ACS was done by the treating physician and was not subject of retrospective adjudication. All patients 

were contacted at 30 days to assess all-cause mortality. Number of patients was limited to 300 patients 

per participating site to limit center bias.

Biomarkers and rule-out algorithms
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Copeptin and cardiac troponin were tested from fresh unfrozen blood from a single blood sample 

drawn at admission to the ED or CPU as part of the routine patient management.

Copeptin was measured using the automated fluoro-immunoassay B∙R∙A∙H∙M∙S Copeptin proAVP 

KRYPTOR for the quantitative measurement of C-terminal pro-arginine-vasopressin (CT-proAVP, 

Copeptin) in human serum and plasma on the B∙R∙A∙H∙M∙S KRYPTOR compact PLUS platform. The test 

has a detection limit of 0.69 pmol/L and a functional assay sensitivity (detected by inter-assay precision 

of 20% CV) of 1.08 pmol/L. 

The recommended cut-off for the decision between a positive and a normal test is 10 pmol/L, 

corresponding to the 95th percentile of a healthy reference population. This cut-off was used in the 

randomized controlled trial by Möckel et al. (22), and is the recommended cut-off for the rule-out 

algorithms for MI.

Cardiac Troponin was measured at the individual institutions according to standard practice. An 

overview on local assays and cutoffs is provided as supplemental material (Table 1S). Briefly, Roche 

Elecsys hs-cTnT was used in 39%, followed by Abbott Architect hs-cTnI, Siemens (Vista, Loci), Beckman 

Access TnI, and Radiometer (3rd gen. cTnT) in 22%, 22%, 11% and 6%, respectively. Conventional and 

high-sensitivity assays were permitted for the early rule-out strategy. 

A patient qualified as rule-out and for early discharge if he presented with signs and symptoms 

suggestive of ACS, together with a low-to-intermediate risk profile defined as the absence of high risk 

features (e.g. a GRACE score <140), and a combined negative testing of Copeptin and troponin, defined 

as Copeptin below 10 pmol/L and cardiac troponin below the local AMI decision limit as recommended 

by the guidelines, mostly the 99th percentile value of a healthy reference population provided by the 

manufacturer.

Follow-Up and Clinical End Points

The primary objective was to evaluate 30-day all-cause mortality in patients in whom acute myocardial 

infarction was ruled-out using the early dual marker rule-out strategy and who are therefore directly 

discharged from the ED. All-cause mortality was preferred over cardiovascular death because 

collection of information is more convenient and because the majority of eligible patients presented 

to the EDs with non-coronary and non-cardiac diagnoses. 

The secondary objectives were evaluated in all patients, irrespective of biomarker test results and 

disposition. Secondary endpoints included the diagnosis of acute myocardial infarction, final hospital 

diagnoses, time to discharge/transfer from the ED/CPU, disposition decision (discharge or admission), 

length of hospital stay, ICU-treatment, performance of coronary angiography/ PCI/ CABG, performance 

of ECGs, stress testing, imaging, performance of cardiovascular monitoring, In-hospital all-cause 

mortality, 30-day all-cause mortality.
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The study protocol also addressedpatients where the protocol was violated, i.e. those who were not 

primarily discharged or not admitted although criteria were fulfilled (over-rule). The reasons for over-

rule or other protocol violations were registered. 

The study complies with the Declaration of Helsinki and received the primary ethics approval from the 

Charité (“Ethikausschuss 1 am Campus Charité-Mitte; EA1/008/15). The positive vote was sent to all 

study sites. The principle investigator decided based on local and national rules, whether a separate 

local ethics committee submission was necessary. Additional ethics approvals were obtained from the 

sites listed in the supplemental table 2S. The ethics committee approved that anonymized routine data 

of patients were used without informed consent for this registry. The study was registered before 

enrollment of the first patient (ClinicalTrials.gov NCT02490969).

Statistical evaluation

Enrolment was restricted to a maximum number of 300 patients per center to ensure generality by 

avoiding the dominance of single centers. The total number of patients enrolled therefore depended 

rather on the number of participating centers than on their enrolment performance. As the primary 

objective of this registry was the monitoring of an already routinely applied clinical algorithm, no 

confirmatory study design was chosen and there was no sample size calculation performed. An 

exploratory analysis of the safety of DMS by local cTn assay or assay generation, or by study center 

was not persued as there was only 1 death precluding meaningful analysis. All data were entered into 

an online electronic case report form. Group comparisons for categorical variables were performed 

using chi-square tests and for numerical variables using Wilcoxon rank-sum tests. A p-value below 0.05 

was considered significant (no correction for multiple testing conducted).95% confidence intervals 

were determined for binary all-cause death at 30 days by the method of Clopper and Pearson and for 

numeric length of stay in the ED/CPU by 2.5%- and 97.5%-quantiles estimated by bootstrapping.

Statistical analyses were performed using the software R Version 3.1.2 and SPSS (IBM® SPSS Statistics, 

Version 21).

Patient and Public Involvement

Patients or public were not involved in the development of the study protocol.

Results

A total of 2,401 consecutive patients with suspected ACS were screened from September 16th 2015 

until the end of recruitment on May 23rd 2017. Of these, 107 patients were excluded from analysis due 

to incomplete biomarker or clinical information, withdraw of informed consent, or double entry (see 

patient flow diagram; Figure 1). The final study cohort consisted of 2,294 patients (57.2% males, 
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median age 57 years) with suspected ACS. Numbers of recruited patients varied by study site but were 

limited per protocol to a maximum of 300 enrolments per site. The exact numbers of recruited patients 

is displayed in supplemental Figure 1S. 

The most prevalent leading symptom at presentation (Supplemental Figure 2S, Table 1) was chest pain 

in 70.6% (n=1619), followed by diffuse or initially mixed symptoms in 12.9% (n=297), dyspnea in 5.2% 

(n=119), abdominal pain in 2.9% (n=66), , focal neurology in 0.7% (n=16), headache in 0.4% (n=9), or 

none of the listed symptoms in 7.3% (n=168). As expected from the inclusion criteria, the study cohort 

represented a low-to-intermediate risk group with a median GRACE score of 89 (IQR: 67-114) and a 

Killip class of 1 in 96% of cases (n=2084). Time from onset of symptoms to presentation was below 12 

hours in 50.8%. An interval of 0-3 hours, 3-6 hours and 6-12 hours was registered in 26.3% (n=558), 

13.3% (n=283), and 11.2% (n=238) of patients, respectively. ECG at presentation was non-diagnostic in 

87.3% of patients. Regarding initial cTn and Copeptin results, a total of 2,017 patients (87.9%) were 

below the diagnostic cutoff of the local cTn, and 1,615 patients (70.4%) below the cutoff for Copeptin. 

A total of 1477 patients (64.4%) were below the decision cutoff for both biomarkers fulfilling the 

criteria for early primary discharge from the ED (theoretically maximal efficiency). 

Clinical pathways

974 patients (42.5%) were categorized into the primary discharge after fast rule-out pathway, and 

1,320 patients into the conventional work-up pathway. Of these, 654 patients did not follow a pre-

defined pathway but were either admitted although qualified for primary discharge (n=503, 21.9%), or 

were discharged although not ruled-out (n=151, 6.6%), see figure 2.

In the entire cohort, the overall rate of an ACS diagnosis was 12.7% (n=288), non-cardiac chest pain 

28.8%, rhythm disorders 8.7%, pulmonary disorders 6.8%, stable CAD 6.8%, hypertensive crisis 6.3%, 

and gastrointestinal disease 5.5%. Other cardiac diagnoses were present in 4%, and other unspecified 

diagnoses in 16.3% of cases (Supplemental Figure 3S).

In the conventional care pathway, an ACS was diagnosed in 21.1% (n=279) with the majority classified 

as a NSTE-ACS (n=172, 61.6%). STEMI was an exceptional diagnosis in 15 patients (5.2%) since patients 

with STEMI were routed directly to the catheterization laboratory in most institutions and were not 

intended for inclusion. Only if STEMI was diagnosed later and not at admission such patients were 

enrolled. Other diagnoses included non-cardiac chest pain in 18.8% (n=247), rhythm disorders in 5.9% 

(n=133), stable CAD in 8.9% (n=117), pulmonary disease in 6.8% (n=90), hypertensive crisis in 5.9% 

(n=77), gastrointestinal disease in 4.7% (n=62), and other diagnoses in 14.1% (n=185).

In the primary discharge after fast rule-out pathway, only 9 patients (0.9%) were diagnosed as having 

an ACS, mostly unstable angina (n=4) or unclassified ACS (n=4), with only 1 case (0.1%) diagnosed as 
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NSTEMI (NPV for MI of 99.9%). Rate of admission was only 0.1% due to a case where admission was 

forced by the referring primary care physician although discharge was planned.

There were two different ways how local investigators over-ruled the intended pathway. The larger 

group consisted of 503 patients (21.9%) who were allocated to the conventional care pathway at the 

discretion of the local investigator although they were categorized into the primary discharge after fast 

rule-out pathway. The second group consisted of 151 patients (6.6%) who were primarily discharged 

although they should have received conventional care. Reasons for the over-rule consisted mainly of 

decisions of the physician to admit to hospital based on clinical judgment. Minor reasons were 

opposition of patients against serial blood sampling (n=2), and other unspecified reasons (n=6). 

There were differences between the primary discharge after fast rule-out pathway and the over-rulers 

into the conventional care pathway (Table 2). Patients were older, more frequently males, had more 

often a history of CAD or previous MI, more risk factors including a higher prevalence of arterial 

hypertension, hypercholesterolemia, and diabetes mellitus. In addition, patients had more often a 

diagnostic ECG, and higher GRACE scores. In addition, these patients received more often an ACS 

diagnosis, i.e. a diagnosis of unstable angina, and spent longer times in the ED. However, and 

importantly, rates of all-cause mortality at 30 days were not significantly different (0.2% vs 0.1%, p=1) 

compared to the primary discharge after fast rule-out pathway. 

Outcomes

The primary endpoint, all-cause death within 30 days among the primary discharge after fast rule-out 

pathway, occurred in only 1 case of 974 patients (0.1%, 95%-CI: 0%-0.6%). This death was not related 

to the biomarker algorithm: the patient was 70 years old, had a history of CAD and previous MI and 

presented with musculoskeletal symptoms, was primarily discharged and died 1 month later from 

metastatic lung cancer (table 3). 

By contrast, all-cause mortality rate in the conventional care pathway was 1.1% (14 of 1320 patients, 

95%-CI: 0.6%-1.8%) and thus significantly higher (p=0.011) than in the primary discharge after fast rule-

out pathway (Table 3). Diagnoses in the deceased patients of the conventional care pathway included 

ACS (n=5), non-cardiac chest pain (n=2), pulmonary disease (n=2), neurological disease (n=1), rhythm 

disorders (n=1), stable CAD (n=1), heart failure (n=1), gastrointestinal disease (n=1), and non-specified 

others (n=1). Patients who died were a median of 15 years older, had more often dyspnea as the 

leading presenting symptom, presented more frequently more than 12 hours after symptom onset, 

and were characterized by higher GRACE score (167 vs 90 points, p<0.001) and Killip class. In addition, 

non-survivors had received more extensive diagnostic workup, presented more often with a local cTn 

and Copeptin above cutoff, and median Copeptin values were significantly higher than among 
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survivors (50.8 vs 7.0 pmol/L, p<0.001) underscoring the prognostic information that is provided by 

cTn and Copeptin independent of the underlying disease.

Regarding secondary endpoints, hospitalization rates were 0.1% in the primary discharge after fast 

rule-out pathway compared to 59% in the conventional care pathways (p<0.001).  As expected, median 

lengths of stay in the ED (treatment time) were significantly shorter in the primary discharge after fast 

rule-out pathway  vs the conventional care pathway (228 min vs 288 min, p<0.001, and rates of 

patients discharged within 0 to <1 hour (1.5% vs 3.6%), 1 to <2 hours  (13.2% vs 13.3%), and 2 to < 3 

hours (21.7% vs 16%), 3 to <6 hours (49.3% vs 37.3%) were significantly different  in primary discharge 

after fast rule-out pathway versus conventional care pathway (p for trend < 0.001). Conversely, rates 

of patients with longer ED treatment times > 6 hours were significantly lower in the primary discharge 

after fast rule-out pathway than in the conventional care pathway out group (14.2% vs 29.8%, 

p<0.001). 

Discussion

Information on the safety of direct discharge from an ED after rule-out of MI in patients with suspected 

ACS is almost exclusively restricted to findings that were generated in observational trials where 

attending physicians were commonly blinded to the investigational hs-cTn results, or to retrospectively 

determined optimal decision cutoffs. Treatment decisions based on at that time applicable standards 

of care and were left at the discretion of the treating physician (16-19,31).

Following the randomized BIC-8 study, which proofed safe discharge after instant rule-out of AMI by 

the use of troponin and Copeptin from a single blood draw (22), we could confirm in a large European 

registry that this is also true in clinical routine.

The superior analytical sensitivity of hs-cTn assays has already enabled an accurate rule-out of MI with 

sensitivities and NPVs of > 90% (10), facilitating fast rule-out based on either very low concentrations 

of hs-cTn assays obtained from a single measurement at presentation (14,15,16-19,32), or from serial 

blood draws after 1 to 3 hours (17-19,31,33-38) using hs-cTn at the 99th percentile (10-13), or slightly 

below (18,19) the 99th percentile of a healthy reference population. Integration of clinical judgment or 

a validated clinical score such as the GRACE, TIMI, HEART, modified Goldman Score, MACS clinical 

decision rule, EDACS and Vancouver Chest Pain Algorithm, and North American Chest Pain Rule further 

improve NPV yielding NPV between 98.1-100% and 98.4-100% when cTn and hs-cTn assays were used, 

respectively (39). Although, 2015 ESC guidelines (10) discourage routine invasive strategy in low risk 

patients and rather recommend discharge following risk stratification, and a pre- or post-discharge 

stress imaging test to decide on a selective invasive strategy, evidence from randomized trials to 

endorse these recommendations is sparse (20,21,22).  The Manchester Acute Coronary Syndrome 
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(MACS)-Pilot study (20) enrolled 138 patients with suspected cardiac chest pain who were randomized 

to receive care guided by the MACS decision rule or standard care. The primary efficacy outcome was 

a decision to discharge within 4 hours of arrival, without missed MI and without death, AMI or coronary 

revascularization occurring during 30 days of follow-up. This small pilot study found a significantly 

higher rate of uneventful primary discharge within 4 hours (26% vs 8%, p=0.004) among those guided 

by the MACS rule. The HeartPathway Trial enrolled 282 patients with suspected ACS stratified into risk 

categories using the HEART Score (21). The study was not powered to compare event rates in 

randomized groups but found a decreased objective cardiac testing at 30 days by 12.1%, a reduced 

length of stay by 12 hours, and an increase of early discharges by 21.3%.  The BIC-8 trial (22) that 

enrolled a total of 902 low-to-intermediate high risk patients using the GRACE score and subsequently 

randomized patients with normal presenting cTn and Copeptin values into an early discharge and a 

standard protocol group. The study demonstrated a reduction of observation time in the ED by more 

than 40% from a median of 7 hours to 3 hours, achieved a 5.6-fold increase in ED discharge rate from 

67.7 vs 12%, and a similar 5.2% rate of 30-day major adverse cardiovascular events that were liberally 

defined as all-cause death, survived sudden cardiac arrest, re-hospitalization for ACS, unplanned PCI 

or CABG, or documented life-threatening arrhythmias in the standard and Copeptin group (22).  

The present large multicenter registry was performed in patients with suspected ACS and low-to-

intermediate risk to test the usefulness of a dual biomarker strategy, consisting of a normal Copeptin 

and cTn, to rule-out MI from a single blood draw at admission and to discharge low risk patients 

primarily from the ED. In order to represent clinical practice of different type of institutions, variable 

local practice and across the spectrum of cTn assays and grades of assays sensitivities (40,41), this 

observational study was conducted in 18 different institutions in Europe and Asia. Institutions included 

EDs in community hospitals, and CPUs in PCI centers and few University hospitals. Patients qualified 

for enrolment in the presence of a broader spectrum of symptoms suggestive of ACS not limited to 

chest pain or angina, and a broad spectrum of cTn assays and different grades of analytical sensitivities 

including conventional, contemporary, and hs-cTn assays was permitted. To reduce dominance of few 

high recruiting centres, enrolment rates were restricted to 300 study patients per site.

There were several key findings of this survey that support the usefulness and safety of this concept in 

clinical routine and outside of controlled clinical trials. First, earlier discharge from the ED in patients 

ruled-out at presentation using a single blood draw is feasible without any obvious safety concern. All-

cause mortality rate within 30 days was 0.1% and attributed to a case with metastatic lung cancer. 

Second, length of stay in the ED is significantly shorter by 60 minutes allowing an earlier discharge, a 

finding particularly useful in congested EDs or CPUs. Thus, the present registry data confirm the 

findings from the randomized BIC-8 trial (22) on reduced length of stay, increased discharge rates and 

support the safety of a primary planned discharge from an ED after clinical risk assessment. Third, the 
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dual marker concept is efficient as it can be applied to at least 42.5%  (potentially effective in 66.4%) 

of patients presenting with chest pain or chest pain equivalent symptoms to an ED. Thus, efficacy of 

this dual marker strategy is almost comparable with the efficacy of the ESC recommended 0/1 h 

diagnostic algorithm that requires serial blood draws and a validated hs-cTn assay (currently Abbott 

Architect hs-cTnI and Roche hs-cTnT). While other fast rule-out algorithms based on very low hs-cTnI 

or hs-cTnT at the LoB or LoD may demonstrate similar diagnostic performance and safety, the numbers 

of patients who qualify are substantially lower (14,15,32) and these strategies have never been tested 

prospectively with patients being really discharged after testing. 

We found a relevant number of over-rule by local ED physician leading to an admission of patients who 

qualified for discharge by their biomarker results (34%).  Given that these patients had an uneventful 

clinical course (see table 2), void of primary or secondary events during follow-up, suggests an 

underestimated efficacy and more potential of safe discharge. Fourth, regarding the diagnostic 

performance for rule-out that was not in the scope of this survey, the dual marker algorithm was 

associated with a high negative predictive value of 99.9% for NSTEMI (1 missed NSTEMI) confirming 

the existing evidence on the diagnostic performance of the Copeptin/troponin dual marker strategy 

(22,26-28). Fifth, regarding secondary objectives, the dual marker strategy was associated with shorter 

stays in ED. Sixth, consistently with previous studies (26-28,42,43), elevated Copeptin levels were 

associated with all-cause mortality within 30 days providing confirmatory evidence that Copeptin 

confers prognostic information that is complementary to cTn or hs-cTn, in various acute cardiovascular 

settings including ACS (26-28,42,43), heart failure (44,45), and acute pulmonary embolism (46) but also 

non-cardiac disease. In addition, an elevated Copeptin should prompt a search for a variety of 

potentially life-threatening non-cardiac conditions including perforated stomach ulcer, pancreatitis, 

cholecystitis, bleedings, infections, or neurological disorders (47). 

Limitations

First, we observed very low rates of all-cause mortality at 30-days, i.e. 0.1% (95%-CI: 0%-0.6%)  in the 

primary discharge after fast rule-out pathway as compared to 1.1% (95%-CI: 0.6%-1.8%) in the 

conventional care pathway. Low event rates may be explained by restriction of the DMS algorithm to 

patients at low or intermediate risk based on the GRACE score. Therefore, our findings cannot be 

extrapolated to settings where risk stratification after rule-out is based on other clinical scores or on 

clinical judgement. Moreover, a selection bias towards recruitment of a non-representable low risk 

ACS cohort cannot be fully excluded as inclusion criteria were not limited to typical chest pain, longer 

pain episodes or abnormal ECG findings. However, the study population was planned to represent a 

real life picture of patients who present in clinical routine with various symptoms and a wide range of 

risk. Copeptin concentration return to normal within few hours reducing the diagnostic performance 
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of the DMS algorithm to early presenters. As a tribute to the consecutive enrolment of patients, we 

were not able to enrich the study population by patients presenting within 6 hours from onset of 

symptoms (49.2% of the entire study cohort reported onset of symptoms more than 12 hours before 

presentation). Therefore, scrutiny is advised regarding the interpretation of the DMS result in patients 

presenting very late or who cannot state a precise onset of symptoms. We believe that our study 

cohort is also similar to other observational studies enrolling patients with suspected ACS. The overall 

prevalence of ACS in this registry was 12.7% and is thus very consistent with a median of 13 to 14% 

prevalence of ACS reported in a pooled analysis of 51 observational trials on patients with suspected 

ACS (2). In addition, the median GRACE score was 89 points (IQR: 67-114) which is very similar with the 

mean GRACE score of 80 (SD 28 points) in the randomized intervention trial (22). 

Second, rates of enrolment per site were heterogenous with a mix of high and low recruiting centers. 

However, the very low mortality rate does not allow any exploratory analyses on the safety of 

discharge by center volumes,experience of physicians, local cTn assay or assay generation.

Third, currently a strategy for instant rule-out based on Copeptin and cTn is being recommended by 

2015 ESC guidelines on NSTE-ACS (10) and an updated consensus document of the German Society of 

Cardiology on the use of Copeptin in CPUs (48) and chest pain centers (49). However, there is a gap 

between the high recommendation level endorsed by numerous clinical trials (23-26,42,43), editorials 

and state-of-the-art reviews (38,39), meta-analyses (27,28), and National practice guidelines 

(10,48,49) on the one hand and the obvious underuse in clinical practice for suspected ACS. In the 

elective setting, Copeptin is currently used for the diagnosis of diabetes insipidus, a non-emergent 

diagnosis. In emergencies requiring immediate measurement, the most probable reason for underuse 

is that Copeptin has to be measured on a stand-alone device that is more labor-intensive than an 

automated central laboratory system, which leads to the suspicion that nowadays economic features 

in the laboratory are hurdles for state of the art use of biomarkers. Development of a POCT system for 

Copeptin and implementation of Copeptin to a central laboratory platform would overcome this 

obstacle. In this registry, however, Copeptin was measured on a Kryptor platform with a measuring 

time of 14 minutes and immediate reporting of the result to the ED physician. Accordingly, most of the 

time delays between diagnosis and the disproportionally longer stay in ED are regarded to be related 

to other time consuming processes including diagnostic work-up for differential diagnoses and drafting 

of the discharge report, particularly in the presence of crowding in the ED. 

Conclusions 

Copeptin on top of cardiac troponin is currently the only strategy that – based on a RCT and a large 

multi-centre registry - supports the safe direct discharge of patients with chest pain or chest pain 

equivalent symptoms suggestive of ACS under routine conditions. There are only few randomized trials 
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that provide evidence for a safe discharge after rule-out in low risk patients. The present registry 

confirms findings from the randomized BIC-8 trial in an independent real world registry. The efficacy 

of the DMS in terms of patients potentially qualifying is at least 42.5% or potentially considerably 

higher. 

We believe that the present findings will have enormous implications on health care resources by 

shortening observation times, hospitalization rates, reducing diagnostic resources, and avoid 

unnecessary coronary angiographies. 
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Table 1. Baseline characteristics of the patients 

Variable Category total (n=2294) primary 
discharge 
after fast 
rule out 
(n=974)

conventional 
work up 
(n=1320)

p-value

Age  59 (46, 72) 51 (39, 62) 65 (52, 75.25) <0.001
Gender Female 42.8% (981) 49.7% (484) 37.7% (497) <0.001

0 - 3 h 26.3% (558) 26% (228) 26.5% (330)
3 - 6 h 13.3% (283) 11.8% (103) 14.4% (180)
6 - 12 h 11.2% (238) 13.1% (115) 9.9% (123)

Onset of symptoms 
before 
presentation

> 12 h 49.2% (1043) 49.1% (430) 49.2% (613)

0.053

Chest pain 70.6% (1619) 76.9% (749) 65.9% (870)
Diffuse Symptoms / 
Initially Mixed Symptoms

12.9% (297) 9.9% (96) 15.2% (201)

None oft he Previous 7.3% (168) 6.6% (64) 7.9% (104)
Dyspnea 5.2% (119) 2.5% (24) 7.2% (95)
Abdominal pain 2.9% (66) 3.1% (30) 2.7% (36)
Focal Neurology 0.7% (16) 0.4% (4) 0.9% (12)

Leading sympton

Headache 0.4% (9) 0.7% (7) 0.2% (2)

<0.001

History of CAD 29.2% (656) 16.8% (158) 38.2% (498) <0.001
History of MI 11.7% (262) 7.3% (69) 14.8% (193) <0.001
Risk factor: HTN 53.8% (1189) 38.3% (357) 65.1% (832) <0.001
Risk factor: HLP 33.6% (708) 23.7% (210) 40.7% (498) <0.001
Diabetes Mellitus 15.6% (347) 9.3% (86) 20.1% (261) <0.001
Smoking 34.3% (633) 34.3% (264) 34.3% (369) 1.000
Positive Family 
History of CAD

32.4% (477) 32.3% (202) 32.5% (275) 0.956

<109 69.3% (1413) 86.1% (736) 57.2% (677)
109-140 21.9% (446) 12.7% (109) 28.5% (337)

Grace Score

> 140 8.8% (179) 1.2% (10) 14.3% (169)

<0.001

I 96% (2084) 98.4% (900) 94.3% (1184)
II 3.2% (70) 1.6% (15) 4.4% (55)
III 0.7% (15) 0% (0) 1.2% (15)

Killip class

IV 0% (1) 0% (0) 0.1% (1)

<0.001

ECG not diagnostic 87.3% (1971) 93% (892) 83% (1079) <0.001
ST-elevation 4.2% (94) 2.6% (25) 5.4% (69) 0.002
ST-depression 7.7% (170) 3.6% (34) 10.7% (136) <0.001
Local cTn negative 87.9% (2017) 100% (974) 79% (1043) <0.001
Copeptin [pmol/l] 7.0 (3.9, 11.8) 4.9 (3.2, 7.7) 10.2 (5.3, 

22.9)
<0.001

Copeptin negative 70.4% (1615) 100% (974) 48.6% (641) <0.001
Local troponin and 
copeptin

negative 64.4% (1477) 100% (974) 38.1% (503) <0.001

Numbers are medians, interquartile ranges and p-values of Wilcoxon rank-sum test for numerical 
variables and, percentages, counts and p-values of chi-square test for categorical variables.
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Table 2 Comparison of patient’s characteristics of primary discharge versus over-rule to conventional 
care despite eligibility for discharge by biomarker results

Variable Level Total (n=1477) Primary 
discharge (n=974)

Admission 
over-rule 
(n=503)

p-value

Age  59 (46, 72) 51 (39, 62) 61 (51.5, 73) <0.001
Gender Female 47.2% (697) 49.7% (484) 42.3% (213) 0.009

0 - 3 h 24.5% (333) 26% (228) 21.7% (105)
3 - 6 h 12.1% (165) 11.8% (103) 12.8% (62)
6 - 12 h 12.1% (164) 13.1% (115) 10.1% (49)

Onset of symptoms 
before 
presentation

> 12 h 51.3% (698) 49.1% (430) 55.4% (268)

0.060

Chest pain 73.9% (1092) 76.9% (749) 68.2% (343)
Diffuse/ 
Initially mixed 
symptoms

10.9% (161) 9.9% (96) 12.9% (65)

Dyspnea 4.4% (64) 2.5% (24) 8.1% (40)
Abdominal 
pain

2.8% (41) 3.1% (30) 2.2% (11)

Focal 
Neurology

0.5% (7) 0.4% (4) 0.6% (3)

Headache 0.6% (9) 0.7% (7) 0.4% (2)

Leading sympton

Other 6.9% (102) 6.6% (64) 7.6% (38)

<0.001

History of CAD 24.4% (351) 16.8% (158) 38.9% (193) <0.001
History of MI 9.5% (136) 7.3% (69) 13.5% (67) <0.001
Hypertension 48.7% (693) 38.3% (357) 68.2% (336) <0.001
HLP 29.5% (401) 23.7% (210) 40.6% (191) <0.001
Diabetes Mellitus 10.9% (155) 9.3% (86) 13.9% (69) 0.011
Smoking 34.6% (409) 34.3% (264) 35.1% (145) 0.838
Family History CAD 33.6% (322) 32.3% (202) 36% (120) 0.269

< 109 80.7% (1067) 86.1% (736) 70.7% (331)
109-140 16.8% (222) 12.7% (109) 24.1% (113)

Grace Score

≥ 140 2.6% (34) 1.2% (10) 5.1% (24)

<0.001

I 98.4% (1378) 98.4% (900) 98.4% (478)
II 1.6% (22) 1.6% (15) 1.4% (7)

Killip class

III 0.1% (1) 0% (0) 0.2% (1)

0.375

ACS total 6.5% (95) 0.9% (9) 17.1% (86)
unclassified 
ACS 

1.9% (28) 0.4% (4) 4.8% (24)

UAP 4% (58) 0.4% (4) 10.8% (54)
NSTEMI 0.3% (5) 0.1% (1) 0.8% (4)
AMI other 0.1% (2) 0% (0) 0.4% (2)

Final diagnoses

STEMI 0.1% (2) 0% (0) 0.4% (2)

<0.001

Main diagnosis Cardiac 34.4% (503) 23.5% (226) 55.2% (277) <0.001
Mortality 30days 0.1% (2) 0.1% (1) 0.2% (1) 1

Numbers are medians, interquartile ranges and p-values of Wilcoxon rank-sum test for numerical 
variables and percentages, counts and p-values of chi-square test for categorical variables. CAD, 
coronary artery disease; HLP, hyperlipidemia; UAP, unstable angina pectoris
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Table 3 All-cause death at 30 days and secondary outcomes

Variable Categories Total (2294 patients) Primary discharge 
after fast rule out 
(974 patients)

Conventional work 
up (1320 patients)

All-cause death 30days 0.7% (0.4%-1.1%) 
n=15

0.1% (0%-0.6%), 
n=1*

1.1% (0.6%-1.8%)
n=14

Exact length of 
stay in ED/CPU 
[hours]

 4.3 (4.1-4.5) 3.8 (3.6-4.0) 4.8 (4.7-5.0)

0 - 1 h 2.6% (n=53) 1.5% (n=13) 3.6% (n=40)
1 - 2 h 13.3% (n=266) 13.2% (n=118) 13.3% (n=148)
2 - 3 h 18.6% (n=372) 21.7% (n=194) 16% (n=178)
3 - 6 h 42.7% (n=855) 49.3% (n=440) 37.3% (n=415)

Length of stay 
in ED/CPU

>= 6 h 22.9% (n=458) 14.2% (n=127) 29.8% (n=331)
Peripheral ward 72.7% (n=562) 100% (n=1) 72.7% (n=561)
IMCU 17.6% (n=136) 0% (n=0) 17.6% (n=136)

Admission

ICU 9.7% (n=75) 0% (n=0) 9.7% (n=75)
Percentages and counts (denoted by “n=”) for categorical variables and medians for the numeric 
variable “Exact length of stay in ED/CPU”; 95% confidence intervals added in brackets for all-cause 
death and Exact length of stay in ED/CPU.

*70 years old male, known CAD, MI and COLD/asthma, Tn and Copeptin negative, ECG normal, 
diagnosis: non cardiac, atypical chest pain (musculoskeletal), death one month later from metastatic 
lung cancer.

Figure legends

Figure 1. Patient flow chart

Figure 2. Algorithm for an early rule-out strategy and guidance of primary early discharge versus 
general hospital admission (conventional work-up)

Supplemental material

Figure legends

Figure 1S. Investigation sites and number of completed patients. CVK, Charité Virchow-Klinikum; 
UKB, Unfallkrankenhaus Berlin.

Figure 2S. Distribution of leading symptoms

Figure 3S. Distribution of diagnoses in the Emergency Department (ED) and/or the Chest Pain Unit 
(CPU)
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Algorithm for an early rule-out strategy and guidance of primary early discharge versus general hospital 
admission (conventional work-up) 
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Table 1S. Local standard troponin tests and cutoffs for MI diagnosis 

Center Troponin test MI Cut-Off 
Heidelberg Hs TnT, Elecsys, Roche Diagnostic 14 ng/l 
UKB, Berlin Hs TnT, Elecsys, Roche Diagnostic 14 ng/l 
CVK, Berlin AQT-Test POCT, Radiometer 

hsTnT, Elecsys, Roche Diagnostic 
30 ng/l 
50 ng/l 

Frankfurt Hs TnT, Elecsys, Roche Diagnostic 14 ng/l 
Bad-Nauheim Hs TnT, Elecsys, Roche Diagnostic 14 ng /l 

 
Mayen TnI Ortho Clinical Diagnostics and from 

19.4.16 TnI, LOCI, Siemens  
50 ng/l 

Wien TnI, LOCI, Siemens  45 ng/l 

 
Calais TnI, Access, Beckman and Coulter  

 
30 ng/l (97.5th %le) 

Vilnius Hs TnI, Architect, Abbott  for men 34,2 ng/l 

for women 15,6  ng/l 

Budapest Hs TnT, Elecsys, Roche Diagnostic (Cobas 

e411) 
14 ng/l 

 
High Wycombe Hs TnI, Architect, Abbott  for men 34,2 ng/l 

for women 15,6 ng/l 
Zollichberg, Zurich  TnI-Ultra, Centaur, Siemens  40 ng/l 
Aarau TnI, LOCI, Siemens 

 
45 ng/l  

 
Berlin 
Hedwigshöhe 

Hs TnI, Architect, Abbott  15 ng/l 

Dijon TnI, Vista, Siemens 100 ng/l 
Ankara TnI, Access, Beckman and Coulter  40 ng/l (99th %le) 

 
Tulln Hs TnT, Elecsys, Roche Diagnostic 14 ng/l 
Montpellier Hs TnT, Elecsys, Roche Diagnostic (Cobas 

8000/e602 analyzer) 
14 ng/l 
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Summary of ethics approval 

 The principle ethics vote is from the principal investigator site, Charité (Berlin). Reference number 
EA1/00815, on the 05.06.2015 

 Some German participant centres (Mayen, Hedwigshohe, UKB) accepted the ethics approval from 
the principal investigator site (Charité, Berlin). 
All the local ethics committee were informed accordingly. 

 Bad Nauheim: The ACS Registry was approved by the ethical board of the Justus-Liebig-University 
Giessen (FF 17/2011) 

 Frankfurt: The ProCore Registry was approved by the ethical board of the Goethe-University 
Frankfurt (318/15) 

 Heidelberg: The ProCore Registry was approved by the ethical board of the Medizinische Fakultät 
Heidelberg (S-382/2015) 

 The principle Austrian ethics vote is from the Vienna university hospital (Reference number EK-15-
198-1015 on the 28th of October 2016) 

 The hospital of Tulln accepted the Austrian ethics vote from Vienna. 

 The principle Swiss ethics vote is from the Zollikerberg (Zurich) hospital (reference number BASEC 
2016-00401 on the 13.03.2016) 

 The Aarau hospital accepted the Swiss ethics vote from Zurich on the 14.12.2016 

 High Wycombe hospital ethics vote approved the study with the following REC reference number: 
16/SC/0198, IRAS project ID:193406 

 The Ankara university hospital accepted the ethics vote from the principal investigator site, Charité 
(Berlin) 

 The Budapest university hospital accepted the ethics vote from the principal investigator site, 
Charité (Berlin) 

 The Vilnius University hospital accepted the ethics vote from the principal investigator site, Charité 
(Berlin) 

 The French participants centres (Calais, Montpellier, Dijon) were using the dual marker strategy in 
routine; the local ethics committee was informed and accepted the data anonymisation of the 
electronic case report form. 
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STROBE Statement—Checklist of items that should be included in reports of cohort studies 

Item 
No Recommendation

Page 
No

(a) Indicate the study’s design with a commonly used term in the title or the 
abstract

1Title and abstract 1

(b) Provide in the abstract an informative and balanced summary of what was 
done and what was found

2

Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being 

reported

3

Objectives 3 State specific objectives, including any prespecified hypotheses 4

Methods
Study design 4 Present key elements of study design early in the paper 5

Setting 5 Describe the setting, locations, and relevant dates, including periods of 
recruitment, exposure, follow-up, and data collection

5

(a) Give the eligibility criteria, and the sources and methods of selection of 
participants. Describe methods of follow-up

6Participants 6

(b) For matched studies, give matching criteria and number of exposed and 
unexposed

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and 
effect modifiers. Give diagnostic criteria, if applicable

6-7

Data sources/ 
measurement

8*  For each variable of interest, give sources of data and details of methods of 
assessment (measurement). Describe comparability of assessment methods if 
there is more than one group

7

Bias 9 Describe any efforts to address potential sources of bias 7

Study size 10 Explain how the study size was arrived at 7

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 
describe which groupings were chosen and why

6

(a) Describe all statistical methods, including those used to control for 
confounding

7

(b) Describe any methods used to examine subgroups and interactions
(c) Explain how missing data were addressed
(d) If applicable, explain how loss to follow-up was addressed

Statistical methods 12

(e) Describe any sensitivity analyses

Results
(a) Report numbers of individuals at each stage of study—eg numbers potentially 
eligible, examined for eligibility, confirmed eligible, included in the study, 
completing follow-up, and analysed

7

(b) Give reasons for non-participation at each stage

Participants 13*

(c) Consider use of a flow diagram Fig.1

(a) Give characteristics of study participants (eg demographic, clinical, social) 
and information on exposures and potential confounders

24

(b) Indicate number of participants with missing data for each variable of interest 24-
26

Descriptive data 14*

(c) Summarise follow-up time (eg, average and total amount) 6

Outcome data 15* Report numbers of outcome events or summary measures over time 26
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2

(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their 
precision (eg, 95% confidence interval). Make clear which confounders were adjusted for 
and why they were included

9

(b) Report category boundaries when continuous variables were categorized

Main results 16

(c) If relevant, consider translating estimates of relative risk into absolute risk for a 
meaningful time period

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity 
analyses

7-8

Discussion
Key results 18 Summarise key results with reference to study objectives 10

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. 
Discuss both direction and magnitude of any potential bias

12

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 
multiplicity of analyses, results from similar studies, and other relevant evidence

10-
11

Generalisability 21 Discuss the generalisability (external validity) of the study results 10-
11

Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if 

applicable, for the original study on which the present article is based

14-
15

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 
available at http://www.strobe-statement.org.
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Abstract (294 words)

Abstract (word count 300)

Objectives. There is sparse information on the safety of early primary discharge from the Emergency 

Department (ED) after rule-out of MI in suspected ACS. This prospective registry aimed to confirm 

randomized study results in patients at low-to-intermediate risk, with a broader spectrum of 

symptoms, across different institutional standards, and with a range of local troponin assays including 

hs-cTn, cTn, and POC Tn.

Design

Prospective, multi center European registry.

Setting

18 Emergency departments in 9 European countries (Germany, Austria, Switzerland, France, Spain, 

United Kingdom, Turkey, Lithuania, Hungary)

Participants

The final study cohort consisted of 2,294 patients (57.2% males, median age 57 years) with suspected 

acute coronary syndrome (ACS).

Interventions

Using the new dual markers strategy, 1,477 patients were eligible for direct discharge, which was 

realized in 974 (42.5%) of patients. 

Main outcome measures

The primary endpoint was all-cause mortality at 30 days.

Results

Compared to conventional work-up after dual marker measurement, the median length of ED stay was 

60 minutes shorter (228min, 95%-CI: 219-239min vs. 288min, 95%-CI: 279-300min) in the primary DMS 

discharge group. All-cause mortality was 0.1% (95%-CI: 0%-0.6%) in the primary DMS discharge group 

vs. 1.1% (95%-CI: 0.6%-1.8%) in the conventional work-up group after dual marker measurement. 

Conventional work-up instead of discharge despite negative DMS biomarkers was observed in 503 

patients (21.9%) and associated with higher prevalence of ACS (17.1% vs 0.9%, p<0.001), cardiac 

diagnoses (55.2% vs 23.5%, p<0.001) and risk factors (p<0.01), but with a similar all-cause mortality of  

0.2% (95%-CI: 0%-1.1%) vs. primary DMS discharge (p=0.64).

Conclusions. Copeptin on top of cardiac troponin supports safe discharge in patients with chest pain 

or other symptoms suggestive of ACS under routine conditions with the use of a broad spectrum of 

local standard POC, conventional and high sensitivity troponin assays.

Trial registration

ClinicalTrials.gov NCT02490969
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Key words: Registry, acute coronary syndrome, myocardial infarction, Copeptin, troponin, mortality

Strengths and limitations of this study

 This is the first large European registry demonstrating the safety of the dual marker 

strategy using cardiac troponin and copeptin for early discharge in patients with 

suspected acute coronary syndrome. 

 The study recruited less selected patients, a broader range of local cTn assays and assay 

generations and across different institutional standards than former studies and thus 

reflects daily routine in clinical practice.

 The study has been carried out in experienced centers, thus in settings with lower clinical 

expertise results may differ.

 The very low mortality rate does not allow any exploratory analyses on the safety of 

discharge by center volumes, experience of physicians, local cTn assay or assay 

generation.

Introduction

Chest pain accounts for approximately 8 million annual emergency department (ED) visits in the United 

States(1), rendering chest pain the second most common presenting symptom. In a pooled analysis on 

51 observational trials, the prevalence of the final diagnosis of ACS was confirmed in a median of 14%, 

with a range from 5% to 42%(2).

An effective risk stratification is paramount to select the most appropriate decision for admission or 

direct discharge because admission of patients at low or very low risk is not safe(3, 4) as it increases 

the risk to receive unnecessary coronary angiography, coronary interventions, multiple re-admissions 

(3), and eventually the risk of peri-procedural myocardial injury or type 4 MI, and procedure-related 

major bleedings(4). Moreover, unselected admission of chest pain patients for further work-up for the 

evaluation of ACS is time consuming and costly(5, 6). During an interval of only 9 years (from 1999–

2008), the use of advanced medical imaging for ED visits related to chest pain was found to increase 

dramatically by 367.6% in the CDC/NCHS, National Hospital Ambulatory Medical Care Survey(7).  On 

the other hand, early discharge is also not without risk, as up to 2–5% of patients with ACS are reported 
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to be inappropriately discharged from the ED every year(5, 8) although the methodology to assess 

these numbers is limited (no complete follow up of all patients, no exact differentiation between 

incident and prevalent AMI and the components of ACS). Nevertheless, missed or incident AMI early 

after discharge is associated with a hazard ratio for death of 1.7 to 1.9%(8). Missed AMIs account for 

20% of US emergency medicine related litigation dollars(9). Currently, use of high sensitivity cardiac 

troponins has improved the accuracy and earlier detection of an MI(10-13), and very low 

concentrations of hs-cTn have been reported to safely rule-out an MI and to be associated with rates 

of death or MI below 1%(14-17). Accordingly, 2015 ESC guidelines on NSTE-ACS(10) discourage routine 

coronary angiography in low risk patients and recommend early discharge after clinical risk 

stratification, and a pre- or post-discharge stress imaging test for the decision of a selective invasive 

strategy. Supporting evidence for early uneventful discharge of low risk patients stems mainly from 

observational studies(14, 15, 18, 19) where investigators were commonly blinded to the 

investigational hs-cTn results, were unaware of retrospectively derived optimal decision cutoffs, and 

managed patients at their own discretion following standards of care applicable at that time. In fact, 

most of the patients who retrospectively fulfilled early rule-out criteria were kept in hospital and 

neither medical measures nor non cardiac diagnoses are reported. Only few interventional clinical 

trials evaluated the safety of a randomized allocation to early discharge versus conventional care in 

patients at low(20, 21) or low-to-intermediate high risk(22). The Biomarkers-in-Cardiology 8 (BIC-8) 

trial(22) tested the utility of a dual biomarker strategy using normal cTn or hs-cTn values, i.e. below 

the upper limit of normal, mainly the 99th percentile, together with normal Copeptin values below the 

95th percentile (<10 pmol/L) to identify candidates for direct early discharge from the ED. The findings 

demonstrated that this strategy reduced the length of observation time in the ED or chest pain unit 

and increased rates of discharge at a low risk for major adverse cardiovascular events (MACE) that was 

comparable or even lower in the per protocol analysis to standard of care. Compared to serial 

troponin-based protocols, advantages of the dual marker strategy include the ability of instant rule-

out of MI without the need for additional blood draw, high sensitivities and negative predictive values 

(NPVs) for acute myocardial infarction (AMI) of Copeptin in combination with conventional or 

contemporary sensitive cTn assays (23-28), or POCT(29), particularly when hs-cTn or validated hs-cTn 

assays are not available, and supporting data for a safe discharge from a large, appropriately powered 

randomized multicenter trial (22). The value of Copeptin on top of detectable but still normal cTn or 

hs-cTn for rule-out of MI has been studied extensively and the DMS algorithm has been quoted as an 

additional option for instant rule-out in 2015 ESC guidelines(10). In contrast, there is sparse 

information from randomized trials on the safety of discharge(20, 21) and the safety of discharge using 

a pre-specified algorithm has rarely been investigated in a prospective registry.
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Therefore, the aim of the present multicenter observational trial was to confirm the safety of this 

strategy that was previously reported in a randomized interventional trial(22) in routine clinical 

practice, across a broad spectrum of cTn assays including POCT, in an unselected population with a 

broader range of symptoms, and at low-to-intermediate risk presenting with suspected ACS to 18 EDs 

in Europe and Turkey. 

Methods

The Pro-Core is a multi-center, international observational trial with 18 participating centers (figure 

1S) in Europe and formally Near East (Ankara, Turkey).

We enrolled adult men and women who present to an ED or chest pain unit (CPU) with signs and 

symptoms suggestive of acute coronary syndrome without ST-segment elevation (NSTE-ACS). Eligible 

patients qualifying for the DMS strategy were recruited consecutively but entry was restricted to 

patients with a low or intermediate GRACE score. 

Patients were eligible if they were aged ≥18 years, presented with symptoms suggestive of ACS such 

as acute chest discomfort, angina pectoris, or dyspnea as leading symptoms. Patients presenting with 

ST-segment elevation or a final diagnosis of ST-segment elevation myocardial infarction (STEMI) were 

excluded from analysis (see figure 1 for patient flow).

Patients underwent clinical assessment that included medical history, physical examination, standard 

blood test including measurements of local (hs)-cTn, Copeptin and 12-lead ECG. Baseline information 

included the Killip class, and clinical information to calculate the GRACE score. Other clinical scores 

were not tested prospectively prohibiting any conclusion on their clinical usefulness. Physicians had 

access to all clinical information including Copeptin and cTn results that were reported with local turn-

around-times. Decision for primary discharge after rule-out using the dual biomarker strategy, or for 

disposition of patients if MI was not ruled out was left at the discretion of the attending physician. 

Patients were excluded if high risk features were evident (e.g. the GRACE score was above 140) and if 

hospital admission was obviously necessary at presentation for any reason. Final diagnosis of NSTE-

ACS was performed by the ED physician applying the criteria of the 3rd universal definition of AMI(30). 

Unstable angina was diagnosed in the presence of new or worsening symptoms of suspected 

myocardial ischemia but either normal or undetectable cTn concentrations in serial blood draws, or a 

cTn together with a Copeptin below the decision limit at presentation. Importantly, classification of 

ACS was done by the treating physician and was not subject of retrospective adjudication. All patients 

were contacted at 30 days to assess all-cause mortality. Number of patients was limited to 300 patients 

per participating site to limit center bias.
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Biomarkers and rule-out algorithms

Copeptin and cardiac troponin were tested from fresh unfrozen blood from a single blood sample 

drawn at admission to the ED or CPU as part of the routine patient management.

Copeptin was measured using the automated fluoro-immunoassay B∙R∙A∙H∙M∙S Copeptin proAVP 

KRYPTOR for the quantitative measurement of C-terminal pro-arginine-vasopressin (CT-proAVP, 

Copeptin) in human serum and plasma on the B∙R∙A∙H∙M∙S KRYPTOR compact PLUS platform. The test 

has a detection limit of 0.69 pmol/L and a functional assay sensitivity (detected by inter-assay precision 

of 20% CV) of 1.08 pmol/L. 

The recommended cut-off for the decision between a positive and a normal test is 10 pmol/L, 

corresponding to the 95th percentile of a healthy reference population. This cut-off was used in the 

randomized controlled trial by Möckel et al.(22), and is the recommended cut-off for the rule-out 

algorithms for MI.

Cardiac Troponin was measured at the individual institutions according to standard practice. An 

overview on local assays and cutoffs is provided as supplemental material (Table 1S). Briefly, Roche 

Elecsys hs-cTnT was used in 39%, followed by Abbott Architect hs-cTnI, Siemens (Vista, Loci), Beckman 

Access TnI, and Radiometer (3rd gen. cTnT) in 22%, 22%, 11% and 6%, respectively. Conventional and 

high-sensitivity assays were permitted for the early rule-out strategy. 

A patient qualified as rule-out and for early discharge if he presented with signs and symptoms 

suggestive of ACS, together with a low-to-intermediate risk profile defined as the absence of high risk 

features (e.g. a GRACE score <140), and a combined negative testing of Copeptin and troponin, defined 

as Copeptin below 10 pmol/L and cardiac troponin below the local AMI decision limit as recommended 

by the guidelines, mostly the 99th percentile value of a healthy reference population provided by the 

manufacturer.

Follow-Up and Clinical End Points

The primary objective was to evaluate 30-day all-cause mortality in patients in whom acute myocardial 

infarction was ruled-out using the early dual marker rule-out strategy and who are therefore directly 

discharged from the ED. All-cause mortality was preferred over cardiovascular death because 

collection of information is more convenient and because the majority of eligible patients presented 

to the EDs with non-coronary and non-cardiac diagnoses. 

The secondary objectives were evaluated in all patients, irrespective of biomarker test results and 

disposition. Secondary endpoints included the diagnosis of acute myocardial infarction, final hospital 

diagnoses, time to discharge/transfer from the ED/CPU, disposition decision (discharge or admission), 

length of hospital stay, ICU-treatment, performance of coronary angiography/ PCI/ CABG, performance 
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of ECGs, stress testing, imaging, performance of cardiovascular monitoring, In-hospital all-cause 

mortality, 30-day all-cause mortality.

The study protocol also addressed patients where the protocol was violated, i.e. those who were not 

primarily discharged or not admitted although criteria were fulfilled (over-rule). The reasons for over-

rule or other protocol violations were registered. 

The study complies with the Declaration of Helsinki and received the primary ethics approval from the 

Charité (“Ethikausschuss 1 am Campus Charité-Mitte; EA1/008/15). The positive vote was sent to all 

study sites. The principle investigator decided based on local and national rules, whether a separate 

local ethics committee submission was necessary. Additional ethics approvals were obtained from the 

sites listed in the supplemental table 2S. The ethics committee approved that anonymized routine data 

of patients were used without informed consent for this registry. The study was registered before 

enrollment of the first patient (ClinicalTrials.gov NCT02490969).

Statistical evaluation

Enrolment was restricted to a maximum number of 300 patients per center to ensure generality by 

avoiding the dominance of single centers. The total number of patients enrolled therefore depended 

rather on the number of participating centers than on their enrolment performance. As the primary 

objective of this registry was the monitoring of an already routinely applied clinical algorithm, no 

confirmatory study design was chosen and there was no sample size calculation performed. An 

exploratory analysis of the safety of DMS by local cTn assay or assay generation, or by study center 

was not done as there was only 1 death precluding meaningful analysis. All data were entered into an 

online electronic case report form. Group comparisons for categorical variables were performed using 

chi-square tests and for numerical variables using Wilcoxon rank-sum tests. A p-value below 0.05 was 

considered significant (no correction for multiple testing conducted).95% confidence intervals were 

determined for binary all-cause death at 30 days by the method of Clopper and Pearson and for 

numeric length of stay in the ED/CPU by 2.5%- and 97.5%-quantiles estimated by bootstrapping.

Statistical analyses were performed using the software R Version 3.1.2 and SPSS (IBM® SPSS Statistics, 

Version 21).

Patient and Public Involvement

Patients or public were not involved in the development of the study protocol.

Results

A total of 2,401 consecutive patients with suspected ACS were screened from September 16th 2015 

until the end of recruitment on May 23rd 2017. Of these, 107 patients were excluded from analysis due 
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to incomplete biomarker or clinical information, withdraw of informed consent, or double entry (see 

patient flow diagram; Figure 1). The final study cohort consisted of 2,294 patients (57.2% males, 

median age 57 years) with suspected ACS. Numbers of recruited patients varied by study site but were 

limited per protocol to a maximum of 300 enrolments per site. The exact numbers of recruited patients 

are displayed in supplemental Figure 1S. 

The most prevalent leading symptom at presentation (Supplemental Figure 2S, Table 1) was chest pain 

in 70.6% (n=1619), followed by diffuse or initially mixed symptoms in 12.9% (n=297), dyspnea in 5.2% 

(n=119), abdominal pain in 2.9% (n=66), focal neurology in 0.7% (n=16), headache in 0.4% (n=9), or 

none of the listed symptoms in 7.3% (n=168). As expected from the inclusion criteria, the study cohort 

represented a low-to-intermediate risk group with a median GRACE score of 89 (IQR: 67-114) and a 

Killip class of 1 in 96% of cases (n=2084). Time from onset of symptoms to presentation was below 12 

hours in 50.8%. An interval of 0-3 hours, 3-6 hours and 6-12 hours was registered in 26.3% (n=558), 

13.3% (n=283), and 11.2% (n=238) of patients, respectively. ECG at presentation was non-diagnostic in 

87.3% of patients. Regarding initial cTn and Copeptin results, a total of 2,017 patients (87.9%) were 

below the diagnostic cutoff of the local cTn, and 1,615 patients (70.4%) below the cutoff for Copeptin. 

A total of 1477 patients (64.4%) were below the decision cutoff for both biomarkers fulfilling the 

criteria for early primary discharge from the ED (theoretically maximal efficiency). 

Clinical pathways

974 patients (42.5%) were categorized into the primary discharge after fast rule-out pathway, and 

1,320 patients into the conventional work-up pathway. Of these, 654 patients did not follow a pre-

defined pathway but were either admitted although qualified for primary discharge (n=503, 21.9%), or 

were discharged although not ruled-out (n=151, 6.6%), see figure 2.

In the entire cohort, the overall rate of an ACS diagnosis was 12.7% (n=288), non-cardiac chest pain 

28.8%, rhythm disorders 8.7%, pulmonary disorders 6.8%, stable CAD 6.8%, hypertensive crisis 6.3%, 

and gastrointestinal disease 5.5%. Other cardiac diagnoses were present in 4%, and other unspecified 

diagnoses in 16.3% of cases (Supplemental Figure 3S).

In the conventional care pathway, an ACS was diagnosed in 21.1% (n=279) with the majority classified 

as a NSTE-ACS (n=172, 61.6%). STEMI was an exceptional diagnosis in 15 patients (5.2%) since patients 

with STEMI were routed directly to the catheterization laboratory in most institutions and were not 

intended for inclusion. Only if STEMI was diagnosed later and not at admission such patients were 

enrolled. Other diagnoses included non-cardiac chest pain in 18.8% (n=247), rhythm disorders in 5.9% 

(n=133), stable CAD in 8.9% (n=117), pulmonary disease in 6.8% (n=90), hypertensive crisis in 5.9% 

(n=77), gastrointestinal disease in 4.7% (n=62), and other diagnoses in 14.1% (n=185).
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In the primary discharge after fast rule-out pathway, only 9 patients (0.9%) were diagnosed as having 

an ACS, mostly unstable angina (n=4) or unclassified ACS (n=4), with only 1 case (0.1%) diagnosed as 

NSTEMI (NPV for MI of 99.9%). Rate of admission was only 0.1% due to a case where admission was 

forced by the referring primary care physician although discharge was planned.

There were two different ways how local investigators over-ruled the intended pathway. The larger 

group consisted of 503 patients (21.9%) who were allocated to the conventional care pathway at the 

discretion of the local investigator although they were categorized into the primary discharge after fast 

rule-out pathway. The second group consisted of 151 patients (6.6%) who were primarily discharged 

although they should have received conventional care. Reasons for the over-rule consisted mainly of 

decisions of the physician to admit to hospital based on clinical judgment. Minor reasons were 

opposition of patients against serial blood sampling (n=2), and other unspecified reasons (n=6). 

There were differences between the primary discharge after fast rule-out pathway and the over-rulers 

into the conventional care pathway (Table 2). Patients were older, more frequently males, had more 

often a history of CAD or previous MI, more risk factors including a higher prevalence of arterial 

hypertension, hypercholesterolemia, and diabetes mellitus. In addition, patients had more often a 

diagnostic ECG, and higher GRACE scores. In addition, these patients received more often an ACS 

diagnosis, i.e. a diagnosis of unstable angina, and spent longer times in the ED. However, and 

importantly, rates of all-cause mortality at 30 days were not significantly different (0.2% vs 0.1%, p=1) 

compared to the primary discharge after fast rule-out pathway. 

Outcomes

The primary endpoint, all-cause death within 30 days among the primary discharge after fast rule-out 

pathway, occurred in only 1 case of 974 patients (0.1%, 95%-CI: 0%-0.6%). This death was not related 

to the biomarker algorithm: the patient was 70 years old, had a history of CAD and previous MI and 

presented with musculoskeletal symptoms, was primarily discharged and died 1 month later from 

metastatic lung cancer (table 3). 

By contrast, all-cause mortality rate in the conventional care pathway was 1.1% (14 of 1320 patients, 

95%-CI: 0.6%-1.8%) and thus significantly higher (p=0.011) than in the primary discharge after fast rule-

out pathway (Table 3). Diagnoses in the deceased patients of the conventional care pathway included 

ACS (n=5), non-cardiac chest pain (n=2), pulmonary disease (n=2), neurological disease (n=1), rhythm 

disorders (n=1), stable CAD (n=1), heart failure (n=1), gastrointestinal disease (n=1), and non-specified 

others (n=1). Patients who died were a median of 15 years older, had more often dyspnea as the 

leading presenting symptom, presented more frequently more than 12 hours after symptom onset, 

and were characterized by higher GRACE score (167 vs 90 points, p<0.001) and Killip class. In addition, 

non-survivors had received more extensive diagnostic workup, presented more often with a local cTn 
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and Copeptin above cutoff, and median Copeptin values were significantly higher than among 

survivors (50.8 vs 7.0 pmol/L, p<0.001) underscoring the prognostic information that is provided by 

cTn and Copeptin independent of the underlying disease.

Regarding secondary endpoints, hospitalization rates were 0.1% in the primary discharge after fast 

rule-out pathway compared to 59% in the conventional care pathways (p<0.001).  As expected, median 

lengths of stay in the ED (treatment time) were significantly shorter in the primary discharge after fast 

rule-out pathway  vs the conventional care pathway (228 min vs 288 min, p<0.001, and rates of 

patients discharged within 0 to <1 hour (1.5% vs 3.6%), 1 to <2 hours  (13.2% vs 13.3%), and 2 to < 3 

hours (21.7% vs 16%), 3 to <6 hours (49.3% vs 37.3%) were significantly different  in primary discharge 

after fast rule-out pathway versus conventional care pathway (p for trend < 0.001). Conversely, rates 

of patients with longer ED treatment times > 6 hours were significantly lower in the primary discharge 

after fast rule-out pathway than in the conventional care pathway out group (14.2% vs 29.8%, 

p<0.001). 

Discussion

Information on the safety of direct discharge from an ED after rule-out of MI in patients with suspected 

ACS is almost exclusively restricted to findings that were generated in observational trials where 

attending physicians were commonly blinded to the investigational hs-cTn results, or to retrospectively 

determined optimal decision cutoffs. Treatment decisions based on at that time applicable standards 

of care and were left at the discretion of the treating physician(16-19, 31).

Following the randomized BIC-8 study, which proofed safe discharge after instant rule-out of AMI by 

the use of troponin and Copeptin from a single blood draw(22) and also showed cost-effectiveness in 

a health economic sub-study(32), we could confirm in a large European registry that this is also true in 

clinical routine.

The superior analytical sensitivity of hs-cTn assays has already enabled an accurate rule-out of MI with 

sensitivities and NPVs of > 90%(10), facilitating fast rule-out based on either very low concentrations 

of hs-cTn assays obtained from a single measurement at presentation(14-19, 33), or from serial blood 

draws after 1 to 3 hours(17-19, 31, 34-39) using hs-cTn at the 99th percentile(10-13), or slightly below 

(18, 19) the 99th percentile of a healthy reference population. Integration of clinical judgment or a 

validated clinical score such as the GRACE, TIMI, HEART, modified Goldman Score, MACS clinical 

decision rule, EDACS and Vancouver Chest Pain Algorithm, and North American Chest Pain Rule further 

improve NPV yielding NPV between 98.1-100% and 98.4-100% when cTn and hs-cTn assays were used, 

respectively(40). Although, 2015 ESC guidelines(10) discourage routine invasive strategy in low risk 

patients and rather recommend discharge following risk stratification, and a pre- or post-discharge 
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stress imaging test to decide on a selective invasive strategy, evidence from randomized trials to 

endorse these recommendations is sparse(20-22).  The Manchester Acute Coronary Syndrome 

(MACS)-Pilot study(20) enrolled 138 patients with suspected cardiac chest pain who were randomized 

to receive care guided by the MACS decision rule or standard care. The primary efficacy outcome was 

a decision to discharge within 4 hours of arrival, without missed MI and without death, AMI or coronary 

revascularization occurring during 30 days of follow-up. This small pilot study found a significantly 

higher rate of uneventful primary discharge within 4 hours (26% vs 8%, p=0.004) among those guided 

by the MACS rule. The HeartPathway Trial enrolled 282 patients with suspected ACS stratified into risk 

categories using the HEART Score(21). The study was not powered to compare event rates in 

randomized groups but found a decreased objective cardiac testing at 30 days by 12.1%, a reduced 

length of stay by 12 hours, and an increase of early discharges by 21.3%.  The BIC-8 trial(22) that 

enrolled a total of 902 low-to-intermediate high risk patients using the GRACE score and subsequently 

randomized patients with normal presenting cTn and Copeptin values into an early discharge and a 

standard protocol group. The study demonstrated a reduction of observation time in the ED by more 

than 40% from a median of 7 hours to 3 hours, achieved a 5.6-fold increase in ED discharge rate from 

67.7 vs 12%, and a similar 5.2% rate of 30-day major adverse cardiovascular events that were liberally 

defined as all-cause death, survived sudden cardiac arrest, re-hospitalization for ACS, unplanned PCI 

or CABG, or documented life-threatening arrhythmias in the standard and Copeptin group(22).  

The present large multicenter registry was performed in patients with suspected ACS and low-to-

intermediate risk to test the usefulness of a dual biomarker strategy, consisting of a normal Copeptin 

and cTn, to rule-out MI from a single blood draw at admission and to discharge low risk patients 

primarily from the ED. In order to represent clinical practice of different type of institutions, variable 

local practice and across the spectrum of cTn assays and grades of assays sensitivities(41, 42), this 

observational study was conducted in 18 different institutions in Europe and Asia. Institutions included 

EDs in community hospitals, and CPUs in PCI centers and few University hospitals. Patients qualified 

for enrolment in the presence of a broader spectrum of symptoms suggestive of ACS not limited to 

chest pain or angina, and a broad spectrum of cTn assays and different grades of analytical sensitivities 

including conventional, contemporary, and hs-cTn assays was permitted. To reduce dominance of few 

high recruiting centres, enrolment rates were restricted to 300 study patients per site.

There were several key findings of this survey that support the usefulness and safety of this concept in 

clinical routine and outside of controlled clinical trials. First, earlier discharge from the ED in patients 

ruled-out at presentation using a single blood draw is feasible without any obvious safety concern. All-

cause mortality rate within 30 days was 0.1% and attributed to a case with metastatic lung cancer. 

Second, length of stay in the ED is significantly shorter by 60 minutes allowing an earlier discharge, a 

finding particularly useful in congested EDs or CPUs. Thus, the present registry data confirm the 
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findings from the randomized BIC-8 trial(22) on reduced length of stay, increased discharge rates and 

support the safety of a primary planned discharge from an ED after clinical risk assessment. Third, the 

dual marker concept is efficient as it can be applied to at least 42.5% (potentially effective in 66.4%) of 

patients presenting with chest pain or chest pain equivalent symptoms to an ED. Thus, efficacy of this 

dual marker strategy is almost comparable with the efficacy of the ESC recommended 0/1 h diagnostic 

algorithm that requires serial blood draws and a validated hs-cTn assay (currently Abbott Architect hs-

cTnI and Roche hs-cTnT). While other fast rule-out algorithms based on very low hs-cTnI or hs-cTnT at 

the LoB or LoD may demonstrate similar diagnostic performance and safety, the numbers of patients 

who qualify are substantially lower(14, 15, 33) and these strategies have never been tested 

prospectively with patients being really discharged after testing. 

We found a relevant number of over-rule by local ED physician leading to an admission of patients who 

qualified for discharge by their biomarker results (34%).  Given that these patients had an uneventful 

clinical course (see table 2), void of primary or secondary events during follow-up, suggests an 

underestimated efficacy and more potential of safe discharge. Fourth, regarding the diagnostic 

performance for rule-out that was not in the scope of this survey, the dual marker algorithm was 

associated with a high negative predictive value of 99.9% for NSTEMI (1 missed NSTEMI) confirming 

the existing evidence on the diagnostic performance of the Copeptin/troponin dual marker strategy 

(22, 26-28). Fifth, regarding secondary objectives, the dual marker strategy was associated with shorter 

stays in ED. Sixth, consistently with previous studies(26-28, 43, 44), elevated Copeptin levels were 

associated with all-cause mortality within 30 days providing confirmatory evidence that Copeptin 

confers prognostic information that is complementary to cTn or hs-cTn, in various acute cardiovascular 

settings including ACS(26-28, 43, 44), heart failure(45, 46), and acute pulmonary embolism(47) but also 

non-cardiac disease. In addition, an elevated Copeptin should prompt a search for a variety of 

potentially life-threatening non-cardiac conditions including perforated stomach ulcer, pancreatitis, 

cholecystitis, bleedings, infections, or neurological disorders(48). 

Limitations

First, we observed very low rates of all-cause mortality at 30-days, i.e. 0.1% (95%-CI: 0%-0.6%) in the 

primary discharge after fast rule-out pathway as compared to 1.1% (95%-CI: 0.6%-1.8%) in the 

conventional care pathway. Low event rates may be explained by restriction of the DMS algorithm to 

patients at low or intermediate risk based on the GRACE score. Therefore, our findings cannot be 

extrapolated to settings where risk stratification after rule-out is based on other clinical scores or on 

clinical judgement. Moreover, a selection bias towards recruitment of a non-representable low risk 

ACS cohort cannot be fully excluded as inclusion criteria were not limited to typical chest pain, longer 

pain episodes or abnormal ECG findings. However, the study population was planned to represent a 
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real life picture of patients who present in clinical routine with various symptoms and a wide range of 

risk. Copeptin concentration return to normal within few hours reducing the diagnostic performance 

of the DMS algorithm to early presenters. As a tribute to the consecutive enrolment of patients, we 

were not able to enrich the study population by patients presenting within 6 hours from onset of 

symptoms (49.2% of the entire study cohort reported onset of symptoms more than 12 hours before 

presentation). Therefore, scrutiny is advised regarding the interpretation of the DMS result in patients 

presenting very late or who cannot state a precise onset of symptoms. We believe that our study 

cohort is also similar to other observational studies enrolling patients with suspected ACS. The overall 

prevalence of ACS in this registry was 12.7% and is thus very consistent with a median of 13 to 14% 

prevalence of ACS reported in a pooled analysis of 51 observational trials on patients with suspected 

ACS (2). In addition, the median GRACE score was 89 points (IQR: 67-114) which is very similar with the 

mean GRACE score of 80 (SD 28 points) in the randomized intervention trial(22). 

Second, rates of enrolment per site were heterogenous with a mix of high and low recruiting centers. 

However, the very low mortality rate does not allow any exploratory analyses on the safety of 

discharge by center volumes, experience of physicians, local cTn assay or assay generation.

Third, currently a strategy for instant rule-out based on Copeptin and cTn is being recommended by 

2015 ESC guidelines on NSTE-ACS(10) and an updated consensus document of the German Society of 

Cardiology on the use of Copeptin in CPUs(49) and chest pain centers(50). However, there is a gap 

between the high recommendation level endorsed by numerous clinical trials (23-26, 43, 44), editorials 

and state-of-the-art reviews(38, 40), meta-analyses(27, 28), and National practice guidelines (10, 49, 

50) on the one hand and the obvious underuse in clinical practice for suspected ACS. In the elective 

setting, Copeptin is currently used for the diagnosis of diabetes insipidus, a non-emergent diagnosis. 

In emergencies requiring immediate measurement, the most probable reason for underuse is that 

Copeptin has to be measured on a stand-alone device that is more labor-intensive than an automated 

central laboratory system, which leads to the suspicion that nowadays economic features in the 

laboratory are hurdles for state of the art use of biomarkers. Development of a POCT system for 

Copeptin and implementation of Copeptin to a central laboratory platform would overcome this 

obstacle. In this registry, however, Copeptin was measured on a Kryptor platform with a measuring 

time of 14 minutes and immediate reporting of the result to the ED physician. Accordingly, most of the 

time delays between diagnosis and the disproportionally longer stay in ED are regarded to be related 

to other time consuming processes including diagnostic work-up for differential diagnoses and drafting 

of the discharge report, particularly in the presence of crowding in the ED. 
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Conclusions 

Copeptin on top of cardiac troponin is currently the only strategy that – based on a RCT and a large 

multi-centre registry - supports the safe direct discharge of patients with chest pain or chest pain 

equivalent symptoms suggestive of ACS under routine conditions. There are only few randomized trials 

that provide evidence for a safe discharge after rule-out in low risk patients. The present registry 

confirms findings from the randomized BIC-8 trial in an independent real world registry. The efficacy 

of the DMS in terms of patients potentially qualifying is at least 42.5% or potentially considerably 

higher. 

We believe that the present findings have potential impact on health care resources by shortening 

observation times, hospitalization rates, reducing diagnostic resources, and avoid unnecessary 

coronary angiographies should barriers to adoption be overcome. 

Acknowledgments and Funding

This work is an investigator initiated analysis and was financially supported by ThermoFisher 

Scientific BRAHMS GmbH (https://www.brahms.de). The funders had no role in study design, data 

collection and specification of statistical analysis, decision to publish, or preparation of the 

manuscript. Note, that the implementation of statistical analysis was conducted by BRAHMS. 

We want also to acknowledge the participant centers and their local contributors for the support in 

data collection and for providing results in a timely manner (in alphabetical order by country):

 Universitätsklinikum Tulln, Tulln (Austria): Keywan Bayegan, Herbert Frank

 Wilhelminenspital, Vienna (Austria): Alja Gomiscek, Kurt Huber, Mona Kassem, Kris Vargas 

 Centre Hospitalier de Calais, Calais (France): Anthony Nghi

 Hôpital du Bocage - CHU, Dijon (France): Didier Honnart

 Centre Hospitalier Universitaire de Montpellier, Montpellier (France): Anne-Marie Dupuy, 

Sophie Lefebvre, Mustapha Sebbane

 Kerckhoff-Klinik, Bad-Nauheim (Germany): Christian Hamm, Christoph Liebetrau 

 Berlin Hedwigshöhe, Berlin (Germany): Malte Schröder 

 Charité – Universitätsmedizin Berlin, Berlin (Germany): Kim Kastner, Martin Möckel, Anna 

Slagman 

 BG Klinikum Marzahn, Berlin (Germany): Berthold Hoppe, Hinrich Schroer, Susann 

Schweitzer, Mirko Seidel 

 Universitätsklinikum Frankfurt, Frankfurt (Germany): Vera Jakobi, Till Keller, Jana Oppermann

 Universitätsklinikum Heidelberg, Heidelberg (Germany): Evangelos Giannitsis, Matthias 

Mueller-Hennessen 

Page 15 of 32

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

15

 St. Elisabeth Krankenhaus, Mayen (Germany): Katja Bininda, Michael Maasberg, Ralph 

Rüdelstein

 Budapest Semmelweis University, Budapest (Hungary): Peter Kanizsai 

 Vilnius University Hospital Santariškių Klinikos, Vilnius (Lithuania): Renata Ruseckaite, Pranas 

Serpytis

 Kantonsspital Aarau, Aarau (Switzerland): Ulrich Bürgi

 Spital Zollikerberg, Zollikerberg - Kanton Zürich (Switzerland): Thomas Gaisl 

 Hacettepe University, Ankara (Turkey): Zeliha Günnur Dikmen

 Bucks Healthcare Wycombe Hospital, High Wycombe (United Kingdom): Nicola Bowers, Piers 

Clifford, Josephine Chaplin, Mari Kononen, Anu Maharajan

Transparency declaration

The corresponding authors (MM) author affirms that the manuscript is an honest, accurate, and 

transparent account of the study being reported; that no important aspects of the study have been 

omitted; and that any discrepancies from the study as planned (and, if relevant, registered) have been 

explained.

Data sharing statement

Relevant data could be shared on reasonable request. The corresponding authors will accept 
requests via Email.

Conflicts of interest

EG received honoraria for lectures from Roche Diagnostics, AstraZeneca, Bayer, Daiichi-Sankyo, Lilly Eli 

Deutschland. He serves as a consultant for Roche Diagnostics, BRAHMS Thermo Fisher Scientific, 

Boehringer Ingelheim, and has received research funding from BRAHMS Thermo Fisher Scientific, 

Roche Diagnostics, Bayer Vital and Daiichi Sankyo;

MM received honoraria for lectures from Roche Diagnostics, AstraZeneca, Bayer Vital, Daiichi-Sankyo, 

Boehringer Ingelheim and BRAHMS Thermo Fisher Scientific. He serves as a consultant for BRAHMS 

Thermo Fisher Scientific and Bayer, and has received research funding from BRAHMS Thermo Fisher 

Scientific, Roche Diagnostics, and Radiometer.

CS, JOV, JCW are employees of BRAHMS Thermo Fisher Scientific

KK reports fees from BRAHMS Thermo Fisher Scientific for monitoring activities related to the study

ChL, RR, AS, HS, MM-H, MS, do not report conflicts of interest

DH reports speakers fees from BRAHMS Thermo Fisher Scientific

KH received honoraria for lectures from AstraZeneca, Bayer, Boehringer Ingelheim, BRAHMS Thermo 

Fisher Scientific, Daiichi Sankyo, Pfizer, Sanofi and The Medicines Company and has received research 

funding form AstraZeneca and BRAHMS Thermo Fisher, respectively

Page 16 of 32

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

http://www.bmj.com/content/347/bmj.f4796


For peer review only

16

ChH and CPC report speakers fees and honoraria for consultancy from BRAHMS Thermo Fisher 

Scientific

Contributor Statement

EG and MM were involved in the conception and design of the study, the acquisition, analysis and 
interpretation of data, drafted the manuscript, approved the final version to be published, are 
accountable for all aspects of the work and an d MM serves as guarantor for the manuscript.

CS, JOV, ChL, RR, AS, HS, MM-H, MS, DH, KH, ChH and CPC were involved in the interpretation of 
data, critically revised the manuscript for important intellectual content, approved the final version 
to be published and agreed to be accountable for all aspects of the work.

KK was involved in the interpretation and management of data, critically revised the manuscript for 
important intellectual content, approved the final version to be published and agreed to be 
accountable for all aspects of the work.

JCW was involved in the interpretation and statistical analysis of data, critically revised the 
manuscript for important intellectual content, approved the final version to be published and agreed 
to be accountable for all aspects of the work.

The corresponding author attests that all listed authors meet authorship criteria and that no others 
meeting the criteria have been omitted.

Page 17 of 32

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

17

References

1. Rui P KK, Ashman JJ. National Hospital Ambulatory

Medical Care Survey: 2016 emergency department summary tables. 
https://wwwcdcgov/nchs/data/nhamcs/web_tables/2016_ed_web_tablespdf

2016.
2. Fanaroff AC, Rymer JA, Goldstein SA, Simel DL, Newby LK. Does This Patient With Chest Pain 
Have Acute Coronary Syndrome?: The Rational Clinical Examination Systematic Review. Jama. 
2015;314(18):1955-65.
3. Bandstein N, Ljung R, Holzmann MJ. Risk of revisits to the emergency department in 
admitted versus discharged patients with chest pain but without myocardial infarction in relation to 
high-sensitivity cardiac troponin T levels. International journal of cardiology. 2016;203:341-6.
4. Giannitsis E, Wallentin L, James SK, Bertilsson M, Siegbahn A, Storey RF, et al. Outcomes after 
planned invasive or conservative treatment strategy in patients with non-ST-elevation acute coronary 
syndrome and a normal value of high sensitivity troponin at randomisation: A Platelet Inhibition and 
Patient Outcomes (PLATO) trial biomarker substudy. European heart journal Acute cardiovascular 
care. 2017;6(6):500-10.
5. Lee TH, Rouan GW, Weisberg MC, Brand DA, Acampora D, Stasiulewicz C, et al. Clinical 
characteristics and natural history of patients with acute myocardial infarction sent home from the 
emergency room. The American journal of cardiology. 1987;60(4):219-24.
6. Farkouh ME, Smars PA, Reeder GS, Zinsmeister AR, Evans RW, Meloy TD, et al. A clinical trial 
of a chest-pain observation unit for patients with unstable angina. Chest Pain Evaluation in the 
Emergency Room (CHEER) Investigators. The New England journal of medicine. 1998;339(26):1882-8.
7. Pitts SR NR, Xu J, Burt CW. National Hospital Ambulatory Medical Care Survey: 2006 
Emergency Department Summary. US DEPARTMENT OF HEALTH AND HUMAN SERVICES. 
2008;www.cdc.gov/nchs(7):40.
8. Pope JH, Aufderheide TP, Ruthazer R, Woolard RH, Feldman JA, Beshansky JR, et al. Missed 
diagnoses of acute cardiac ischemia in the emergency department. The New England journal of 
medicine. 2000;342(16):1163-70.
9. Karcz A, Holbrook J, Burke MC, Doyle MJ, Erdos MS, Friedman M, et al. Massachusetts 
emergency medicine closed malpractice claims: 1988-1990. Annals of emergency medicine. 
1993;22(3):553-9.
10. Roffi M, Patrono C, Collet JP, Mueller C, Valgimigli M, Andreotti F, et al. 2015 ESC Guidelines 
for the management of acute coronary syndromes in patients presenting 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). 
European heart journal. 2016;37(3):267-315.
11. Giannitsis E, Kurz K, Hallermayer K, Jarausch J, Jaffe AS, Katus HA. Analytical validation of a 
high-sensitivity cardiac troponin T assay. Clinical chemistry. 2010;56(2):254-61.
12. Reichlin T, Hochholzer W, Bassetti S, Steuer S, Stelzig C, Hartwiger S, et al. Early diagnosis of 
myocardial infarction with sensitive cardiac troponin assays. The New England journal of medicine. 
2009;361(9):858-67.
13. Keller T, Zeller T, Peetz D, Tzikas S, Roth A, Czyz E, et al. Sensitive troponin I assay in early 
diagnosis of acute myocardial infarction. The New England journal of medicine. 2009;361(9):868-77.
14. Body R, Carley S, McDowell G, Jaffe AS, France M, Cruickshank K, et al. Rapid exclusion of 
acute myocardial infarction in patients with undetectable troponin using a high-sensitivity assay. 
Journal of the American College of Cardiology. 2011;58(13):1332-9.
15. Body R, Burrows G, Carley S, Cullen L, Than M, Jaffe AS, et al. High-sensitivity cardiac troponin 
t concentrations below the limit of detection to exclude acute myocardial infarction: a prospective 
evaluation. Clinical chemistry. 2015;61(7):983-9.

Page 18 of 32

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

https://wwwcdcgov/nchs/data/nhamcs/web_tables/2016_ed_web_tablespdf
www.cdc.gov/nchs(7):40


For peer review only

18

16. Shah AS, Anand A, Sandoval Y, Lee KK, Smith SW, Adamson PD, et al. High-sensitivity cardiac 
troponin I at presentation in patients with suspected acute coronary syndrome: a cohort study. 
Lancet (London, England). 2015;386(10012):2481-8.
17. Neumann JT, Sorensen NA, Schwemer T, Ojeda F, Bourry R, Sciacca V, et al. Diagnosis of 
Myocardial Infarction Using a High-Sensitivity Troponin I 1-Hour Algorithm. JAMA cardiology. 
2016;1(4):397-404.
18. Mueller C, Giannitsis E, Christ M, Ordonez-Llanos J, deFilippi C, McCord J, et al. Multicenter 
Evaluation of a 0-Hour/1-Hour Algorithm in the Diagnosis of Myocardial Infarction With High-
Sensitivity Cardiac Troponin T. Annals of emergency medicine. 2016;68(1):76-87.e4.
19. Reichlin T, Schindler C, Drexler B, Twerenbold R, Reiter M, Zellweger C, et al. One-hour rule-
out and rule-in of acute myocardial infarction using high-sensitivity cardiac troponin T. Archives of 
internal medicine. 2012;172(16):1211-8.
20. Body R, Boachie C, McConnachie A, Carley S, Van Den Berg P, Lecky FE. Feasibility of the 
Manchester Acute Coronary Syndromes (MACS) decision rule to safely reduce unnecessary hospital 
admissions: a pilot randomised controlled trial. Emergency medicine journal : EMJ. 2017;34(9):586-
92.
21. Mahler SA, Riley RF, Hiestand BC, Russell GB, Hoekstra JW, Lefebvre CW, et al. The HEART 
Pathway randomized trial: identifying emergency department patients with acute chest pain for early 
discharge. Circulation Cardiovascular quality and outcomes. 2015;8(2):195-203.
22. Mockel M, Searle J, Hamm C, Slagman A, Blankenberg S, Huber K, et al. Early discharge using 
single cardiac troponin and copeptin testing in patients with suspected acute coronary syndrome 
(ACS): a randomized, controlled clinical process study. European heart journal. 2015;36(6):369-76.
23. Reichlin T, Hochholzer W, Stelzig C, Laule K, Freidank H, Morgenthaler NG, et al. Incremental 
value of copeptin for rapid rule out of acute myocardial infarction. Journal of the American College of 
Cardiology. 2009;54(1):60-8.
24. Keller T, Tzikas S, Zeller T, Czyz E, Lillpopp L, Ojeda FM, et al. Copeptin improves early 
diagnosis of acute myocardial infarction. Journal of the American College of Cardiology. 
2010;55(19):2096-106.
25. Giannitsis E, Kehayova T, Vafaie M, Katus HA. Combined testing of high-sensitivity troponin T 
and copeptin on presentation at prespecified cutoffs improves rapid rule-out of non-ST-segment 
elevation myocardial infarction. Clinical chemistry. 2011;57(10):1452-5.
26. Maisel A, Mueller C, Neath SX, Christenson RH, Morgenthaler NG, McCord J, et al. Copeptin 
helps in the early detection of patients with acute myocardial infarction: primary results of the 
CHOPIN trial (Copeptin Helps in the early detection Of Patients with acute myocardial INfarction). 
Journal of the American College of Cardiology. 2013;62(2):150-60.
27. Lipinski MJ, Escarcega RO, D'Ascenzo F, Magalhaes MA, Baker NC, Torguson R, et al. A 
systematic review and collaborative meta-analysis to determine the incremental value of copeptin 
for rapid rule-out of acute myocardial infarction. The American journal of cardiology. 
2014;113(9):1581-91.
28. Raskovalova T, Twerenbold R, Collinson PO, Keller T, Bouvaist H, Folli C, et al. Diagnostic 
accuracy of combined cardiac troponin and copeptin assessment for early rule-out of myocardial 
infarction: a systematic review and meta-analysis. European heart journal Acute cardiovascular care. 
2014;3(1):18-27.
29. Vafaie M, Slagman A, Mockel M, Hamm C, Huber K, Muller C, et al. Prognostic Value of 
Undetectable hs Troponin T in Suspected Acute Coronary Syndrome. The American journal of 
medicine. 2016;129(3):274-82.e2.
30. Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, White HD, et al. Third universal 
definition of myocardial infarction. European heart journal. 2012;33(20):2551-67.
31. Mokhtari A, Borna C, Gilje P, Tyden P, Lindahl B, Nilsson HJ, et al. A 1-h Combination 
Algorithm Allows Fast Rule-Out and Rule-In of Major Adverse Cardiac Events. Journal of the American 
College of Cardiology. 2016;67(13):1531-40.

Page 19 of 32

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

19

32. Reinhold T, Giannitsis E, Mockel M, Frankenstein L, Vafaie M, Vollert JO, et al. Cost analysis of 
early discharge using combined copeptin/cardiac troponin testing versus serial cardiac troponin 
testing in patients with suspected acute coronary syndrome. PloS one. 2018;13(8):e0202133.
33. Body R, Mueller C, Giannitsis E, Christ M, Ordonez-Llanos J, de Filippi CR, et al. The Use of 
Very Low Concentrations of High-sensitivity Troponin T to Rule Out Acute Myocardial Infarction Using 
a Single Blood Test. Academic emergency medicine : official journal of the Society for Academic 
Emergency Medicine. 2016;23(9):1004-13.
34. Than M, Cullen L, Aldous S, Parsonage WA, Reid CM, Greenslade J, et al. 2-Hour accelerated 
diagnostic protocol to assess patients with chest pain symptoms using contemporary troponins as 
the only biomarker: the ADAPT trial. Journal of the American College of Cardiology. 
2012;59(23):2091-8.
35. Pickering JW, Than MP, Cullen L, Aldous S, Ter Avest E, Body R, et al. Rapid Rule-out of Acute 
Myocardial Infarction With a Single High-Sensitivity Cardiac Troponin T Measurement Below the Limit 
of Detection: A Collaborative Meta-analysis. Annals of internal medicine. 2017;166(10):715-24.
36. Neumann JT, Sorensen NA, Ojeda F, Schwemer T, Lehmacher J, Gonner S, et al. Immediate 
Rule-Out of Acute Myocardial Infarction Using Electrocardiogram and Baseline High-Sensitivity 
Troponin I. Clinical chemistry. 2017;63(1):394-402.
37. Chapman AR, Anand A, Boeddinghaus J, Ferry AV, Sandeman D, Adamson PD, et al. 
Comparison of the Efficacy and Safety of Early Rule-Out Pathways for Acute Myocardial Infarction. 
Circulation. 2017;135(17):1586-96.
38. Morrow DA. Clinician's Guide to Early Rule-Out Strategies With High-Sensitivity Cardiac 
Troponin. Circulation. 2017;135(17):1612-6.
39. Boeddinghaus J, Nestelberger T, Twerenbold R, Wildi K, Badertscher P, Cupa J, et al. Direct 
Comparison of 4 Very Early Rule-Out Strategies for Acute Myocardial Infarction Using High-Sensitivity 
Cardiac Troponin I. Circulation. 2017;135(17):1597-611.
40. Hollander JE, Than M, Mueller C. State-of-the-Art Evaluation of Emergency Department 
Patients Presenting With Potential Acute Coronary Syndromes. Circulation. 2016;134(7):547-64.
41. Apple FS. A new season for cardiac troponin assays: it's time to keep a scorecard. Clinical 
chemistry. 2009;55(7):1303-6.
42. Wu AHB, Christenson RH, Greene DN, Jaffe AS, Kavsak PA, Ordonez-Llanos J, et al. Clinical 
Laboratory Practice Recommendations for the Use of Cardiac Troponin in Acute Coronary Syndrome: 
Expert Opinion from the Academy of the American Association for Clinical Chemistry and the Task 
Force on Clinical Applications of Cardiac Bio-Markers of the International Federation of Clinical 
Chemistry and Laboratory Medicine. Clinical chemistry. 2018;64(4):645-55.
43. Potocki M, Reichlin T, Thalmann S, Zellweger C, Twerenbold R, Reiter M, et al. Diagnostic and 
prognostic impact of copeptin and high-sensitivity cardiac troponin T in patients with pre-existing 
coronary artery disease and suspected acute myocardial infarction. Heart (British Cardiac Society). 
2012;98(7):558-65.
44. von Haehling S, Papassotiriou J, Morgenthaler NG, Hartmann O, Doehner W, Stellos K, et al. 
Copeptin as a prognostic factor for major adverse cardiovascular events in patients with coronary 
artery disease. International journal of cardiology. 2012;162(1):27-32.
45. Maisel A, Xue Y, Shah K, Mueller C, Nowak R, Peacock WF, et al. Increased 90-day mortality in 
patients with acute heart failure with elevated copeptin: secondary results from the Biomarkers in 
Acute Heart Failure (BACH) study. Circulation Heart failure. 2011;4(5):613-20.
46. Voors AA, von Haehling S, Anker SD, Hillege HL, Struck J, Hartmann O, et al. C-terminal 
provasopressin (copeptin) is a strong prognostic marker in patients with heart failure after an acute 
myocardial infarction: results from the OPTIMAAL study. European heart journal. 2009;30(10):1187-
94.
47. Hellenkamp K, Pruszczyk P, Jimenez D, Wyzgal A, Barrios D, Ciurzynski M, et al. Prognostic 
impact of copeptin in pulmonary embolism: a multicentre validation study. The European respiratory 
journal. 2018;51(4).

Page 20 of 32

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

20

48. Katan M, Christ-Crain M. The stress hormone copeptin: a new prognostic biomarker in acute 
illness. Swiss medical weekly. 2010;140:w13101.
49. Post F, Gori T, Giannitsis E, Darius H, Baldus S, Hamm C, et al. Criteria of the German Society 
of Cardiology for the establishment of chest pain units: update 2014. Clinical research in cardiology : 
official journal of the German Cardiac Society. 2015;104(11):918-28.
50. Perings S, Smetak N, Block M, Erdmann E, Haan F, Heusch G, et al. Konsensuspapier der Task 
Force „Brustschmerz-Ambulanz“ der Deutschen Gesellschaft für Kardiologie – Herz- und 
Kreislaufforschung. Der Kardiologe. 2010;4(3):208-13.

Page 21 of 32

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

21

Table 1. Baseline characteristics of the patients 

Variable Category total (n=2294) primary 
discharge 
after fast 
rule out 
(n=974)

conventional 
work up 
(n=1320)

p-value

Age  59 (46, 72) 51 (39, 62) 65 (52, 75.25) <0.001
Gender Female 42.8% (981) 49.7% (484) 37.7% (497) <0.001

0 - 3 h 26.3% (558) 26% (228) 26.5% (330)
3 - 6 h 13.3% (283) 11.8% (103) 14.4% (180)
6 - 12 h 11.2% (238) 13.1% (115) 9.9% (123)

Onset of symptoms 
before 
presentation

> 12 h 49.2% (1043) 49.1% (430) 49.2% (613)

0.053

Chest pain 70.6% (1619) 76.9% (749) 65.9% (870)
Diffuse Symptoms / 
Initially Mixed Symptoms

12.9% (297) 9.9% (96) 15.2% (201)

None oft he Previous 7.3% (168) 6.6% (64) 7.9% (104)
Dyspnea 5.2% (119) 2.5% (24) 7.2% (95)
Abdominal pain 2.9% (66) 3.1% (30) 2.7% (36)
Focal Neurology 0.7% (16) 0.4% (4) 0.9% (12)

Leading sympton

Headache 0.4% (9) 0.7% (7) 0.2% (2)

<0.001

History of CAD 29.2% (656) 16.8% (158) 38.2% (498) <0.001
History of MI 11.7% (262) 7.3% (69) 14.8% (193) <0.001
Risk factor: HTN 53.8% (1189) 38.3% (357) 65.1% (832) <0.001
Risk factor: HLP 33.6% (708) 23.7% (210) 40.7% (498) <0.001
Diabetes Mellitus 15.6% (347) 9.3% (86) 20.1% (261) <0.001
Smoking 34.3% (633) 34.3% (264) 34.3% (369) 1.000
Positive Family 
History of CAD

32.4% (477) 32.3% (202) 32.5% (275) 0.956

<109 69.3% (1413) 86.1% (736) 57.2% (677)
109-140 21.9% (446) 12.7% (109) 28.5% (337)

Grace Score

> 140 8.8% (179) 1.2% (10) 14.3% (169)

<0.001

I 96% (2084) 98.4% (900) 94.3% (1184)
II 3.2% (70) 1.6% (15) 4.4% (55)
III 0.7% (15) 0% (0) 1.2% (15)

Killip class

IV 0% (1) 0% (0) 0.1% (1)

<0.001

ECG not diagnostic 87.3% (1971) 93% (892) 83% (1079) <0.001
ST-elevation 4.2% (94) 2.6% (25) 5.4% (69) 0.002
ST-depression 7.7% (170) 3.6% (34) 10.7% (136) <0.001
Local cTn negative 87.9% (2017) 100% (974) 79% (1043) <0.001
Copeptin [pmol/l] 7.0 (3.9, 11.8) 4.9 (3.2, 7.7) 10.2 (5.3, 

22.9)
<0.001

Copeptin negative 70.4% (1615) 100% (974) 48.6% (641) <0.001
Local troponin and 
copeptin

negative 64.4% (1477) 100% (974) 38.1% (503) <0.001

Numbers are medians, interquartile ranges and p-values of Wilcoxon rank-sum test for numerical 
variables and, percentages, counts and p-values of chi-square test for categorical variables.

Page 22 of 32

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For peer review only

22

Table 2. Comparison of patient’s characteristics of primary discharge versus over-rule to 
conventional care despite eligibility for discharge by biomarker results

Variable Level Total (n=1477) Primary 
discharge (n=974)

Admission 
over-rule 
(n=503)

p-value

Age  59 (46, 72) 51 (39, 62) 61 (51.5, 73) <0.001
Gender Female 47.2% (697) 49.7% (484) 42.3% (213) 0.009

0 - 3 h 24.5% (333) 26% (228) 21.7% (105)
3 - 6 h 12.1% (165) 11.8% (103) 12.8% (62)
6 - 12 h 12.1% (164) 13.1% (115) 10.1% (49)

Onset of symptoms 
before 
presentation

> 12 h 51.3% (698) 49.1% (430) 55.4% (268)

0.060

Chest pain 73.9% (1092) 76.9% (749) 68.2% (343)
Diffuse/ 
Initially mixed 
symptoms

10.9% (161) 9.9% (96) 12.9% (65)

Dyspnea 4.4% (64) 2.5% (24) 8.1% (40)
Abdominal 
pain

2.8% (41) 3.1% (30) 2.2% (11)

Focal 
Neurology

0.5% (7) 0.4% (4) 0.6% (3)

Headache 0.6% (9) 0.7% (7) 0.4% (2)

Leading sympton

Other 6.9% (102) 6.6% (64) 7.6% (38)

<0.001

History of CAD 24.4% (351) 16.8% (158) 38.9% (193) <0.001
History of MI 9.5% (136) 7.3% (69) 13.5% (67) <0.001
Hypertension 48.7% (693) 38.3% (357) 68.2% (336) <0.001
HLP 29.5% (401) 23.7% (210) 40.6% (191) <0.001
Diabetes Mellitus 10.9% (155) 9.3% (86) 13.9% (69) 0.011
Smoking 34.6% (409) 34.3% (264) 35.1% (145) 0.838
Family History CAD 33.6% (322) 32.3% (202) 36% (120) 0.269

< 109 80.7% (1067) 86.1% (736) 70.7% (331)
109-140 16.8% (222) 12.7% (109) 24.1% (113)

Grace Score

≥ 140 2.6% (34) 1.2% (10) 5.1% (24)

<0.001

I 98.4% (1378) 98.4% (900) 98.4% (478)
II 1.6% (22) 1.6% (15) 1.4% (7)

Killip class

III 0.1% (1) 0% (0) 0.2% (1)

0.375

ACS total 6.5% (95) 0.9% (9) 17.1% (86)
unclassified 
ACS 

1.9% (28) 0.4% (4) 4.8% (24)

UAP 4% (58) 0.4% (4) 10.8% (54)
NSTEMI 0.3% (5) 0.1% (1) 0.8% (4)
AMI other 0.1% (2) 0% (0) 0.4% (2)

Final diagnoses

STEMI 0.1% (2) 0% (0) 0.4% (2)

<0.001

Main diagnosis Cardiac 34.4% (503) 23.5% (226) 55.2% (277) <0.001
Mortality 30days 0.1% (2) 0.1% (1) 0.2% (1) 1

Numbers are medians, interquartile ranges and p-values of Wilcoxon rank-sum test for numerical 
variables and percentages, counts and p-values of chi-square test for categorical variables. CAD, 
coronary artery disease; HLP, hyperlipidemia; UAP, unstable angina pectoris
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Table 3. All-cause death at 30 days and secondary outcomes

Variable Categories Total (2294 patients) Primary discharge 
after fast rule out 
(974 patients)

Conventional work 
up (1320 patients)

All-cause death 30days 0.7% (0.4%-1.1%) 
n=15

0.1% (0%-0.6%), 
n=1*

1.1% (0.6%-1.8%)
n=14

Exact length of 
stay in ED/CPU 
[hours]

 4.3 (4.1-4.5) 3.8 (3.6-4.0) 4.8 (4.7-5.0)

0 - 1 h 2.6% (n=53) 1.5% (n=13) 3.6% (n=40)
1 - 2 h 13.3% (n=266) 13.2% (n=118) 13.3% (n=148)
2 - 3 h 18.6% (n=372) 21.7% (n=194) 16% (n=178)
3 - 6 h 42.7% (n=855) 49.3% (n=440) 37.3% (n=415)

Length of stay 
in ED/CPU

>= 6 h 22.9% (n=458) 14.2% (n=127) 29.8% (n=331)
Peripheral ward 72.7% (n=562) 100% (n=1) 72.7% (n=561)
IMCU 17.6% (n=136) 0% (n=0) 17.6% (n=136)

Admission

ICU 9.7% (n=75) 0% (n=0) 9.7% (n=75)
Percentages and counts (denoted by “n=”) for categorical variables and medians for the numeric 
variable “Exact length of stay in ED/CPU”; 95% confidence intervals added in brackets for all-cause 
death and Exact length of stay in ED/CPU.

*70 years old male, known CAD, MI and COLD/asthma, Tn and Copeptin negative, ECG normal, 
diagnosis: non cardiac, atypical chest pain (musculoskeletal), death one month later from metastatic 
lung cancer.

Figure legends

Figure 1. Patient flow chart

Figure 2. Algorithm for an early rule-out strategy and guidance of primary early discharge versus 
general hospital admission (conventional work-up)

Supplemental material

Figure legends

Figure 1S. Investigation sites and number of completed patients. CVK, Charité Virchow-Klinikum; 
UKB, Unfallkrankenhaus Berlin.

Figure 2S. Distribution of leading symptoms

Figure 3S. Distribution of diagnoses in the Emergency Department (ED) and/or the Chest Pain Unit 
(CPU)
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Patient flow chart 
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Algorithm for an early rule-out strategy and guidance of primary early discharge versus general hospital 
admission (conventional work-up) 
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Table 1S. Local standard troponin tests and cutoffs for MI diagnosis 

Center Troponin test MI Cut-Off 
Heidelberg Hs TnT, Elecsys, Roche Diagnostic 14 ng/l 
UKB, Berlin Hs TnT, Elecsys, Roche Diagnostic 14 ng/l 
CVK, Berlin AQT-Test POCT, Radiometer 

hsTnT, Elecsys, Roche Diagnostic 
30 ng/l 
50 ng/l 

Frankfurt Hs TnT, Elecsys, Roche Diagnostic 14 ng/l 
Bad-Nauheim Hs TnT, Elecsys, Roche Diagnostic 14 ng /l 

 
Mayen TnI Ortho Clinical Diagnostics and from 

19.4.16 TnI, LOCI, Siemens  
50 ng/l 

Wien TnI, LOCI, Siemens  45 ng/l 

 
Calais TnI, Access, Beckman and Coulter  

 
30 ng/l (97.5th %le) 

Vilnius Hs TnI, Architect, Abbott  for men 34,2 ng/l 

for women 15,6  ng/l 

Budapest Hs TnT, Elecsys, Roche Diagnostic (Cobas 

e411) 
14 ng/l 

 
High Wycombe Hs TnI, Architect, Abbott  for men 34,2 ng/l 

for women 15,6 ng/l 
Zollichberg, Zurich  TnI-Ultra, Centaur, Siemens  40 ng/l 
Aarau TnI, LOCI, Siemens 

 
45 ng/l  

 
Berlin 
Hedwigshöhe 

Hs TnI, Architect, Abbott  15 ng/l 

Dijon TnI, Vista, Siemens 100 ng/l 
Ankara TnI, Access, Beckman and Coulter  40 ng/l (99th %le) 

 
Tulln Hs TnT, Elecsys, Roche Diagnostic 14 ng/l 
Montpellier Hs TnT, Elecsys, Roche Diagnostic (Cobas 

8000/e602 analyzer) 
14 ng/l 
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Summary of ethics approval 

 The principle ethics vote is from the principal investigator site, Charité (Berlin). Reference number 
EA1/00815, on the 05.06.2015 

 Some German participant centres (Mayen, Hedwigshohe, UKB) accepted the ethics approval from 
the principal investigator site (Charité, Berlin). 
All the local ethics committee were informed accordingly. 

 Bad Nauheim: The ACS Registry was approved by the ethical board of the Justus-Liebig-University 
Giessen (FF 17/2011) 

 Frankfurt: The ProCore Registry was approved by the ethical board of the Goethe-University 
Frankfurt (318/15) 

 Heidelberg: The ProCore Registry was approved by the ethical board of the Medizinische Fakultät 
Heidelberg (S-382/2015) 

 The principle Austrian ethics vote is from the Vienna university hospital (Reference number EK-15-
198-1015 on the 28th of October 2016) 

 The hospital of Tulln accepted the Austrian ethics vote from Vienna. 

 The principle Swiss ethics vote is from the Zollikerberg (Zurich) hospital (reference number BASEC 
2016-00401 on the 13.03.2016) 

 The Aarau hospital accepted the Swiss ethics vote from Zurich on the 14.12.2016 

 High Wycombe hospital ethics vote approved the study with the following REC reference number: 
16/SC/0198, IRAS project ID:193406 

 The Ankara university hospital accepted the ethics vote from the principal investigator site, Charité 
(Berlin) 

 The Budapest university hospital accepted the ethics vote from the principal investigator site, 
Charité (Berlin) 

 The Vilnius University hospital accepted the ethics vote from the principal investigator site, Charité 
(Berlin) 

 The French participants centres (Calais, Montpellier, Dijon) were using the dual marker strategy in 
routine; the local ethics committee was informed and accepted the data anonymisation of the 
electronic case report form. 
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STROBE Statement—Checklist of items that should be included in reports of cohort studies 

Item 
No Recommendation

Page 
No

(a) Indicate the study’s design with a commonly used term in the title or the 
abstract

1Title and abstract 1

(b) Provide in the abstract an informative and balanced summary of what was 
done and what was found

2

Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being 

reported

3

Objectives 3 State specific objectives, including any prespecified hypotheses 4

Methods
Study design 4 Present key elements of study design early in the paper 5

Setting 5 Describe the setting, locations, and relevant dates, including periods of 
recruitment, exposure, follow-up, and data collection

5

(a) Give the eligibility criteria, and the sources and methods of selection of 
participants. Describe methods of follow-up

6Participants 6

(b) For matched studies, give matching criteria and number of exposed and 
unexposed

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and 
effect modifiers. Give diagnostic criteria, if applicable

6-7

Data sources/ 
measurement

8*  For each variable of interest, give sources of data and details of methods of 
assessment (measurement). Describe comparability of assessment methods if 
there is more than one group

7

Bias 9 Describe any efforts to address potential sources of bias 7

Study size 10 Explain how the study size was arrived at 7

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 
describe which groupings were chosen and why

6

(a) Describe all statistical methods, including those used to control for 
confounding

7

(b) Describe any methods used to examine subgroups and interactions
(c) Explain how missing data were addressed
(d) If applicable, explain how loss to follow-up was addressed

Statistical methods 12

(e) Describe any sensitivity analyses

Results
(a) Report numbers of individuals at each stage of study—eg numbers potentially 
eligible, examined for eligibility, confirmed eligible, included in the study, 
completing follow-up, and analysed

7

(b) Give reasons for non-participation at each stage

Participants 13*

(c) Consider use of a flow diagram Fig.1

(a) Give characteristics of study participants (eg demographic, clinical, social) 
and information on exposures and potential confounders

24

(b) Indicate number of participants with missing data for each variable of interest 24-
26

Descriptive data 14*

(c) Summarise follow-up time (eg, average and total amount) 6

Outcome data 15* Report numbers of outcome events or summary measures over time 26
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2

(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their 
precision (eg, 95% confidence interval). Make clear which confounders were adjusted for 
and why they were included

9

(b) Report category boundaries when continuous variables were categorized

Main results 16

(c) If relevant, consider translating estimates of relative risk into absolute risk for a 
meaningful time period

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity 
analyses

7-8

Discussion
Key results 18 Summarise key results with reference to study objectives 10

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. 
Discuss both direction and magnitude of any potential bias

12

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 
multiplicity of analyses, results from similar studies, and other relevant evidence

10-
11

Generalisability 21 Discuss the generalisability (external validity) of the study results 10-
11

Other information
Funding 22 Give the source of funding and the role of the funders for the present study and, if 

applicable, for the original study on which the present article is based

14-
15

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and 
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely 
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at 
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is 
available at http://www.strobe-statement.org.
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