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ABSTRACT 
 

Objective 
To determine if copeptin-us can rule out diagnosis of acute myocardial infarction without 

prolonged monitoring and serial blood sampling in patients with suspected non–ST-segment 

elevation myocardial infarction (NSTEMI) and high sensitive cardiac troponin I (hs-cTnI) 

below the 99th percentile at presentation to the emergency department (ED). 

Design 

Prospective, non-randomized, individual blinded diagnostic accuracy study. 

Setting 
Two ED of a rural region of France. 

Participants 

Patient with a chest pain suspected of NSTEMI with onset within the last 12 h were 

considered for enrolment.  

Interventions 

Serial clinical, electrographical and biochemical investigations were performed at admission 

and after 2, 4, 6 and 12 h. Hs-cTnI was mesured using an assay with Dimension VISTA, 

Siemens. Copeptin was measured by the B.R.A.H.M.S copeptin-us assay on the KRYPTOR 

Compact Plus system. The follow-up was 90 days. 

Primary and secondary outcome measures 

Copeptin, troponin, myoglobin and creatin kinase values. Clinicals and paraclinicals events. 

The final diagnosis was adjudicated blinded to copeptin result. 

Results 

During 12 months, 102 patients were analysed. Final diagnosis was NSTEMI for 7.8% (n=8), 

unstable angina pectoris for 3.9% (n=4), cardiac but non coronary artery disease for 8.8% 

(n=9), non-cardiac chest pain for 52% (n=53) and unknown for 27.5% (n=28). There was no 

statistical difference for copeptin value between acute myocardial infarction (AMI) and non–

AMI patients, respectively 5.5 pmol/L IQR[3.1-7.9] and 6.5 pmol/L IQR[3.9-12.1], p=0.4913. 

Only one AMI patient have a copeptin value at admission above the cut off of 95th percentile 

at admission. 

Conclusions 

In this study, copeptin show no added value for the diagnostic at admission to ED for 

suspected acute coronary syndrome patients without ST-segment elevation and with hs-cTnI 

below the 99th percentile.  

Trial registration 

Clinicaltrials.gov identifier: NCT01334645. 

 

 

 

STRENGTHS AND LIMITATIONS OF THIS STUDY 

 

- We were not able to include the expected number of patients. 

- Our prospective multicentric study is the only one that includes only patients with suspected 

NSTEMI and high sensitive cardiac troponin I (hs-cTnI) below the 99th percentile at 

presentation to ED, to limit bias spectrum. 

- Despite the fact that we have not included the expected number of patients, if the required 

number of patients have been included to achieve 80% power (40 AMI patients), assuming 

that copeptin was positive for all other AMI patients, 7 of 40 AMI patients were ruled out. 

This risk seems too high, knowing that there is a more reliable method : troponin serial 

testing. 
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MANUSCRIPT 

 

 

INTRODUCTION 

 

Detection of a rise and/or fall of cardiac troponin with clinical symptoms of ischemia or 

abnormal electrocardiography (ECG) or imaging findings remains the gold standard for the 

identification of myocardial infarction.[1] At Emergency Department, patients with non–ST-

segment elevation myocardial infarction (NSTEMI) working diagnosis requires serial 

measurement of troponin.[2] However, most of this patients do not have acute coronary 

syndrome (ACS). Identify patients suffering from non-life-threatening diseases with only one 

blood sample is a challenge. Many biomarkers were evaluated, alone or in combination with 

troponin. [3,4] Since the first publication for this indication in 2009, several studies have 

investigated copeptin, a surrogate marker of vasopressin. [5-30] Some of these studies suggest 

that the association of troponin and copeptin at the first measurement has a powerfull negative 

predictive value (NPV) to rule out patients with no NSTEMI. 

Interpretation of the copeptin diagnostic accuracy with these studies is not evident. First, 

because analysis comparison are difficult due to the development of high-sensitivity cardiac 

troponin T and I assays and the availability of three commercial assays for copeptin 

(LUMItest
®

, Copeptin Kryptor
®

, Copeptin-us Kryptor
®

). Furthermore, many protocols 

included ST-segment elevation myocardial infarction (STEMI) patients and patients with a 

high-sensitive cardiac troponin above 99th percentile at admission. For these patients, 

copeptin does not add diagnostic information, urgent revascularisation or serial blood 

samples, respectively, remains necessary. 

The aim of this study was to determine if copeptin-us can rule out diagnosis of acute 

myocardial infarction without prolonged monitoring and serial blood sampling in patients 

with suspected NSTEMI and high sensitive cardiac troponin I (hs-cTnI) below the 99th 

percentile at presentation to ED. 

 

 

METHODS 

 

Study design and setting 
This diagnostic test evaluation is a prospective non-randomized individual blinded 

multicentric cohort study. The Clermont-Ferrand University Hospital designed and 

coordinated the study. The duration of study was one year, between march 2011 and march 

2012 at the ED of two hospitals of Auvergne, a rural region of France (1.3 million people). 

First one, Gabriel Montpied in Clermont-Ferrand, is a teaching hospital and provincial referral 

center with 48000 ED admissions per year. The second hospital, Henri Mondor in Aurillac, is 

a general hospital with 25000 ED admissions per year. Both units are organised with a 24-

hour catheterization laboratory. The study complied with the Declaration of Helsinki and was 

approved by the ethical committee Comité de Protection des personnes Sud-Est VI (AU 871). 

Before study launch, methods were registered with ClinicalTrials.gov (NCT01334645). 

 

 

Population 
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Consecutive patients with a chest pain suspected of NSTEMI at emergency department were 

considered for enrolment in the study. The inclusion criteria was the following : patients older 

than 18 years with chest pain suggestive of ACS with onset within the last 12 hours. All 

patients provided written informed consent before enrolment. Patients with ST-segment 

elevation, legal incapacity, sepsis, shock, lung neoplasms, terminal kidney failure requiring 

dialysis, life expectancy of less than 6 months and refuse to consent were excluded. After the 

result of the first blood sample, patients with hyponatremia < 135 mmol/L or hs-cTnI 

> 0,045 µg/L were released of the study.  

 

 

Study protocol 
Upon admission, all patient underwent an initial clinical assessment, including medical 

history, temperature, respiratory rate, cardiac frequency, blood pressure, pulse oxymetry, 18-

lead ECG, chest X-ray and screening blood test including : C-reactive protein, natremia, 

creatinine, hs-cTnI and creatin kinase (CK). Blood sampling were collected for hs-cTnI and 

CK analysis and 18-lead ECG were performed after 2, 4, 6 and 12 h. At each time point, 

blood sample was centrifuged and plasma was frozen at -80 
o
C for copeptin and myoglobin 

testing at the end of the study recruitment, blinded to final diagnosis. Further investigations 

and treatment of patients were not modified by the study. At 90 days, clinical and paraclinical 

events were collected. 

Concentration of copeptin was measured by the B.R.A.H.M.S copeptin-us 

immunoluminometric assay on the KRYPTOR Compact Plus system (Thermo Fisher 

Scientific). The detection limit as described by the manufacturer was assessed as being 0.9 

pmol/L and the lowest concentration measurable with a coefficient of variation (CV) < 10% 

has been reported < 4 pmol/L. Direct measuring range was 0.9 to 500 pmol/L. The 95th 

percentile among healthy subjects is < 12.0 pmol/L and was specified for rapid exclusion of 

acute myocardial infarction (AMI). 

Hs-cTnI was measured using a chemiluminescence test (Dimension VISTA
®

, Siemens 

Healthcare Diagnostics). The limit of blank of hs-cTnI was 0.015 µg/L, the 99th percentile 

concentration was 0.045 µg/L and the lowest concentration measurable with a CV < 10% was 

0.040 µg/L according to the manufacturer. The 99th percentile (0.045 µg/L) was used as 

diagnostic cut-off to fulfil AMI criteria. 

Myoglobin was measured by Dimension VISTA
®

 (Siemens Healthcare Diagnostics). The 

measuring range extended from 0.5 to 1000 ng/mL. The 95th percentile concentration was 

116 ng/mL for men and 71 ng/mL for women. 

Natremia, C-reactive protein, creatinin and CK, were measured using standardized methods. 

 

 

Outcomes 
The final diagnosis was adjudicated, blinded to copeptin results, by an expert committee of 

three cardiologists, four emergency physicians and two biochemists (whose one MD-PhD of 

each specialty), with all available medical records  from the time of ED presentation to 90-

day follow-up. The diagnosis was determined according to the current guidelines and 

universal  definition of myocardial infarction. [1,2] 

Each subjects was classified as one of the following categories : Non-ST Elevation 

Myocardial Infarction (NSTEMI), Unstable angina pectoris (UA), Cardiac but non coronary 

artery disease (CNCAD), non-cardiac chest pain (NCCP) and unknown cause of chest pain. 

NCCP were performed if a cardiac aetiology was exclude. Unknown cause of chest pain 

diagnosis was defined when no sufficient further diagnostic procedures were performed. 
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Copeptin and myoglobin measurement were performed at the end of the study recruitment, 

blinded to the final diagnosis. 

 

 

Statistical analysis 
To show a different value of copeptin between AMI subjects and non-AMI subjects, with an 

expected difference of 15 pmol/L, a standard deviation of 20.7 pmol/L, a significance level of 

5% and a power of 95%, the number of AMI subjects needed was 40 patients.  

Continuous variables were displayed either as mean ± SD or median and interquartile range 

(IQR). Categorical variables were described by using frequencies and percentages.  

The analysis of quantitative variables was performed using the two-tailed Student’s t-test after 

checking the assumption of equal variances (Levene test) and one way analysis of variance 

for variables following a normal distribution. Otherwise, the Wilcoxon rank sum tests for 

continuous variables and Kruskal-Wallis tests were used. Categorical variables were analysed 

using Chi-square analysis or the Fisher exact test (if needed). For all tests, a significance level 

of p<0.05 was used. 

Statistical analysis was performed using SAS (v 9.3, SAS Institute Inc., Cary, NC, USA). 

 

 

RESULTS 

 

Patient characteristics 
During 12 months, 147 patients were assessed for eligibility in both ED. Nine presented one 

or more exclusion criteria, six did not give their informed consent for participation, 26 were 

released after the results of the first blood sample because they had hyponatremia 

< 135 mmol/L (n=3) or hs-cTnI > 0,045 µg/L (n=23). For three patients, blood samples at 

presentation were not frozen for copeptin and myoglobin measurement. Only one patient was 

lost of follow-up. A total of 102 patients were analysed, 62 were recruited at the Clermont-

Ferrand university hospital ED and 40 at the Aurillac general hospital ED (Figure 1). 

The adjudicated final diagnosis was NSTEMI for 7.8% (n=8), UA for 3.9% (n=4), CNCAD 

8.8% (n=9), NCCP for 52% (n=53) and unknown for 27.5% (n=28).  

CNCAD included pericarditis (3), supraventricular tachycardia (3), ventricular tachycardia (2) 

and left hypertrophy (1). Patients with adjudicated diagnosis NCCP included patient with 

anxiety (3), stomach disease (4), herpes zoster (1), neoplasms (4), breast hematoma (1), 

cholecystitis (1) vasovagal syncope (1) and osteoarthritis (2). 

Baseline characteristics of each population are shown in Table 1. 

 

Table 1. Baseline characteristics 

Characteristics All patients 
AMI 

(NSTEMI) 
Non-AMI p Value 

Patients 102 (100) 8 (7.8) 94 (92.2)  

Men 64 (62.7) 7 (87.5) 57 (55.9) 0.2525 

Age 59.47 ± 16.05 65.75 ± 16.04 58.94 ± 16.02 0.2509 

Risk factors     

Body Mass Index (kg/m
2
) 26.93 ± 4.9 27.1 ± 3.7 26.9 ± 5.0 0.9416 

Family history of CAD 33 (32.3) 3 (37.5) 30 (31.9) 0.7114 

Hypertension 49 (48) 5 (62.5) 44 (46.8) 0.4760 

Hyperlipidemia 51 (50) 4 (50) 47 (50) 1.0 

Diabetes mellitus 17 (16.7) 1 (12.5) 16 (17) 1.0 

Current smoking 26 (25.5) 5 (62.5) 21 (22.3) 0.0243 

History of smoking 30 (29.4) 1 (12.5) 29 (31.1) 0.4302 

History     

CAD 35 (34.3) 4 (50) 31 (33) 0.4410 
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Previous myocardial infarction 27 (26.5) 4 (50) 23 (24.5) 0.2031 

Previous revascularization 26 (25.5) 3 (37.5) 23 (24.5) 0.4168 

History of heart failure 5 (4.9) 0 5 (5.3) 1.0 

Peripheral artery disease 6 (5.9) 2 (25) 4 (4.3) 0.0692 

Previous stroke 6 (5.9) 1 (12.5) 5 (5.3) 0.3953 

Clinical status     

Heart rate (beats/min) 77 ± 17 81 ± 18 77 ± 17 0.4970 

Systolic blood pressure (mmHg) 141 ± 22 149 ± 28 140 ± 21 0.2888 

Diastolic blood pressure (mmHg) 83 ± 15 92 ± 13 82 ± 14 0.0576 

Respiratory rate 17 ± 4 16 ± 5 17 ± 4 0.5270 

Temperature (
o
C) 36.7 ± 0.5 36.9 ± 0.2 36.7 ± 0.5 0.1597 

Killip class 1 97 (95) 8 (100) 89 (94.7) 1.0 

Killip class 2 5 (5) 0 5 (5.3) 1.0 

Time between pain onset and admission (h:min) 3:48 ± 2:50 2:27 ± 1:39 3:55 ± 2:53 0.1632 

Biochemical values at admission     

Natremia (mmol/L) 140.3 ± 2.9 137.4 ± 2.3 140.5 ± 2.8 0.0022 

Creatinin (µmol/L) 80.4 ± 17.5 82.3 ± 18.7 80.2 ± 17.5 0.7508 

MDRD (mL/min/1.73 m2) 85.2 ± 23.5 84.1 ± 19.1 85.3 ± 23.9 0.8950 

CRP (mg/L) 4.9 ± 7.7 4.6 ± 6.1 4.9 ± 7.8 0.9323 

Electrocardiographic findings at admission     

Normal 43 (42.1) 1 (12.5) 42 (44.7) 0.1339 

Left bundle branch block 0 0 0  

ST segment elevation 0 0 0  

ST segment depression 9 (8.82) 2 (25) 7 (7.5) 0.1468 

T wave inversion 20 (19.6) 3 (37.5) 17 (18.1) 0.1874 

No significant abnormalities 30 (29.4) 2 (25) 28 (29.8) 1.0 

Risk scores     

GRACE 96 ± 31 107.8 ± 25.4 95.6 ± 31.3 0.2897 

TIMI 0 29 (28.4) 2 (25) 28 (29.8) 1.0 

TIMI 1 26 (25.5) 0 26 (27.6) 0.1103 

TIMI 2 14 (13.7) 2 (25) 12 (12.8) 0.3016 

TIMI 3 21 (20.6) 1 (12.5) 20 (21.3) 1.0 

TIMI 4 9 (8.8) 3 (37.5) 6 (6.4) 0.0213 

TIMI 5 2 (2) 0 2 (2.1) 1.0 

Explorations     

Echocardiography 61 (59.8) 7 (87.5) 54 (57.4) 0.1392 

Cardiac exercice test 47 (46) 0 47 (50) 0.007 

Coronary angiography 19 (18.6) 7 (87.5) 12 (12.8) <0.0001 

 

Values are presented as n (%) or mean +/- SD 

CAD, Coronary Artery Disease; CRP, C-reactive protein; GRACE, Global Registery of Acute Cardiac Events; 

TIMI, Thrombosis In Myocardial Infarction. 

 

 

Time between pain onset and admission was less than 3 hours for 58 patients (56.9%). 

Twenty-four patients were admitted between 3 and 6 h after the onset of pain (23.5%), 13 

patients between 6 and 9 h (12.7%) and 7 patients between 9 and 12 h (6.9%). All patients 

with a diagnosis of myocardial infarction were admitted within the first 6 hours after the chest 

pain onset, five of them in the first 3 hours. The mean interval between chest pain onset and 

admission is 147,5 min ± 99 min for NSTEMI patients and 235 min ± 173 min for patients 

without AMI (p=0.1632). 

 

Main results : 

Serial blood testing : 

At admission, all patients were recruited for blood testing. Because of therapeutic necessities 

after inclusion, 3 AMI patients did not have all required blood sampling. Thus, data of the 8 
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AMI patients are available at H0, data of 7 AMI patients are available at H2, H4 and H6, and 

data of 6 AMI patients at H12. Results of biomarkers are displayed in Figures 2 to 5. 

 

Troponin 

According to the inclusion criteria, all patients had hs cTnI ≤ 99th percentile at admission. 

The median hs cTnI value was significantly higher in patients with NSTEMI diagnosis than in 

patients with other diagnosis, respectively 0.021 µg/L IQR[0.015-0.04] vs 0.015 µg/L 

IQR[0.015-0.015], p<0.0001. In the five NSTEMI patients who were admitted within 3 hours 

after the onset of pain median troponin was 0.015 µg/L IQR[0.015-0.023] and 0.040 µg/L 

IQR[0.018-0.045] for the 3 NSTEMI patients who consulted between 3 and 6 hours after the 

onset of pain (p=0.2090). 

Troponin is the only marker studied for which showed a significant difference between the 

two groups for each time performed (0, 2, 4, 6 and 12 h), including at admission.  

 

Copeptin 

The median copeptin for AMI and non-AMI patients at admission was respectively 

5.5 pmol/L IQR[3.1-7.9] and 6.5 pmol/L IQR[3.9-12.1], p=0.4913. Only one AMI patient 

showed a copeptin value at admission above the cut off of 12 pmol/L (435.2 pmol/L). This 

patient was also the only patient who died during the follow up. For all of the samples 

recruited during the 12 h following admission (2, 4, 6 and 12 h) there was no significant 

difference in the copeptin values between patients with AMI and those with no AMI, 

respectively 5.9 pmol/L IQR[3.1-8.3] and 5.5 pmol/L IQR[3.5-10] at 2 h (p=0.8617), 

4.7 pmol/L IQR[2.9-8.4] and 5.4 pmol/L IQR[3.7-9.3] at 4 h (p=0.7430), 5.9 pmol/L 

IQR[2.5-6.9] and 5.6 pmol/L IQR[3.5-8.8] at 6 h (P=0.7695) and 3.9 pmol/L IQR[2.8-10.2] 

and 6.1 pmol/L IQR[4-9.7] at 12 h (p=0.4872). 

 

Myoglobin 

At admission, the median myoglobin for AMI patients was 52.1 ng/mL IQR[41.1-66.1] and 

47.3 ng/mL IQR[38-66.6] for patients with other diagnostics, p=0.7060. At 2, 4 and 6 h, 

median myoglobin was significantly higher in AMI patients than in patients with other 

diagnosis, respectively 72.9 ng/mL and 48.6 ng/mL (p=0.012), 102 ng/mL and 47.8 ng/mL 

(p=0.0422), 107.5 ng/mL and 49.5 ng/mL (p=0.031). 

 

Creatin Kinase 

Median CK concentration was 156.5 U/L IQR[90-231.5] in AMI patients and 182 U/L IQR 

[105-277] in non-AMI patients at inclusion (p=0.5882). At 6 h and 12 h, CK values of AMI 

patients were higher than those of other patients without significant difference, respectively 

183 U/L and 147 U/L (p=0.9371), 186 U/L and 128 U/L (p=0.2554).  

 

Diagnostic accuracy 

For a cut-off level of 12 pmol/L,  sensitivity of copeptin for AMI diagnosis at admission was 

12.5%, with a specificity of 74.5%, a predictive positive value of 4% and a NPV of 90.9%. 

None patients had a myoglobin value above the 95th percentile at admission. 

At the sixth hour, all of 8 AMI patients had at least one troponin above the 0.045 µg/L. One 

patient had a troponin measured on the sample at the 6th hour already below this threshold 

and will continue to decrease until the twelfth hour. 

 

 

LIMITATIONS OF THE STUDY 
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Although bicentric and carried one year period, only eight patients with NSTEMI and hs-cTnI 

below the 99th percentile at presentation were included. To show a significant difference 

between subjects with AMI and those who do not have AMI with an expected difference of 

15 pmol/L, as in the princeps study of Reichlin, the number of AMI subjects needed is 

40 patients.[5] We were not able to include the expected number of patients within the time 

allowed by the design of the study and its permissions. Thus, the area under the ROC curve 

and the net reclassification index can not be calculated because of too few AMI patients. 

We did not assess the pre-test probability, which could increase the relevance of the 

biomarker in certain patient populations. However, there are no validated score to determine 

the clinical probability of ACS. 

This study was conducted in France, with a system of prehospital medicalization. Patients 

supported upstream of the hospital for a very suspicious chest pain, even without ST-

elevation, could be directly admitted to the cardiology department to perform immediate 

exploration, forming an incorporation bias. Probably, the results of this study are probably not 

be extrapolated to all ED. 

Twelve hours after admission, there is no significant difference between the two groups (AMI 

vs non-AMI) for myoglobin and CK. This may be due to the fact that the population studied 

have low infarct size (hs-cTnI < 99th percentile at admission in the 6 hours after the pain 

onset) and that, two AMI patients have not been collected at the twelfth hour.  

 

 

DISCUSSION 

 

After considering the limitation, our study complements the results of previously published 

data. In this prospective study, we use the latest generation of troponin I and copeptin assays. 

We have developed the protocol in a logical form. According to previous studies, copeptin 

can add diagnostic value if troponin at admission is less than a threshold. Thus, we focused 

the study for this category of patients. Knowing that the time to result for the copeptin-us is 

14 minutes, this analyse could be requested or performed automatically when the troponin is 

below the threshold, for a rational use of resources. To reduce the bias spectrum, we 

specifically explored the diagnosic value of copeptin only in patients with suspected ACS 

with non–ST-segment elevation and with high sensitive cardiac troponin below the 99th 

percentile at admission, while most of the studies have examined all patients with suspected 

ACS including STEMI patients and/or patients with a troponin above the 99th percentile at 

admission. In these populations, the prevalence of AMI is higher than patient without ST 

elevation and troponin below the 99th percentile. Also, for this patients, urgent care or further 

explorations will not be influenced by the result of copeptin. Results of these previous studies 

may have influenced the statistical evaluation of copeptin. 

In our study population, although the copeptin NPV was 90.9%, if we would have ruled out 

patients on the results of copeptin on admission, seven of height AMI patients have returned 

at home without care. These results are consistent with COPED-MIRRO study who have a 

similary design but had used mostly a 4th generation troponin.[30] Even pursuing the 

inclusion up to 40 AMI patients as we envisage to highlight a significant difference, with 

these seven patients, the error seems too important to rule out patients with suspected ACS at 

admission in our ED. However, only a larger study could confirm or refute this assumption.  

The troponin of one patient in our study had increased above the cut-off only at the sixth hour. 

Also, at the sixth hour, troponin of one of AMI patients had already begun its decline and was 

below the threshold of the 99th percentile. This observation is consistent with the 

precautionary statements of the Study Group on Biomarkers in Cardiology of the European 

Society of Cardiology Working Group on Acute Cardiac Care, advocating additional blood 
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sampling in patients strongly suspected of having an AMI but no significant hs-cTn increase 

after 3 h.[31]  

A recent study suggest that it could be considered to rule out patients with undetectable Roche 

high sensitive cardiac troponin T at admission.[32] This algorithm is not possible with our 

study population and the hs-cTnI used, 3 patients had hs-cTnI undetectable at admission. 

Finally, the only subject who died is the patient who had the highest value of copeptin, wich 

is consistent with highlight the of studies showing a prognostic role of copeptin. [15, 21, 25, 

29] 

In summary, our study did not reveal diagnostic value of copeptin for patients with suspected 

ACS without ST-elevation and with hs-cTnI below the 99th percentile at admission. 

Measurements of hs-cTn at presentation and after 3 h and after 6 h if necessary, remains the 

biochemical gold standard for AMI diagnosis. [1, 31] Using a novel marker for ACS 

diagnosis, alone or in a multi-marker strategy, requires at less as good sensitivity and negative 

predictive value than a troponin serial testing. 

 

 

 

Table and Figure Legends 
 

 

Figure 1.  Flow chart 

 

Table 1. Baseline characteristics 

 

Figures 2 to 5. Box plots (median, interquartile range, minimal and maximal values) illustrate 

Troponin, Copeptin, myoglobin and CK concentration in relation to time since admission for 

AMI and non-AMI patients. * p<0.0001, ** p=0.012, *** p=0.0422, **** p=0.031. 
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Box plots (median, interquartile range, minimal and maximal values) illustrate Troponin concentration in 
relation to time since admission for AMI and non-AMI patients. * p<0.0001.  
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Box plots (median, interquartile range, minimal and maximal values) illustrate Copeptin concentration in 
relation to time since admission for AMI and non-AMI patients.  
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Box plots (median, interquartile range, minimal and maximal values) illustrate CK concentration in relation 
to time since admission for AMI and non-AMI patients.  
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Box plots (median, interquartile range, minimal and maximal values) illustrate myoglobin concentration in 
relation to time since admission for AMI and non-AMI patients. ** p=0.012, *** p=0.0422, **** p=0.031.  
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ABSTRACT 
 
Objective 
To determine if copeptin-us can rule out diagnosis of non–ST-segment elevation myocardial 
infarction (NSTEMI) without prolonged monitoring and serial blood sampling in patients 
with high sensitive cardiac troponin I (hs-cTnI) below the 99th percentile at presentation to 
the emergency department (ED). 
Design 

Prospective, non-randomized, individual blinded diagnostic accuracy study. 
Setting 
Two ED of a rural region of France. 
Participants 

Patient with a chest pain suspected of NSTEMI with onset within the last 12 h were 
considered for enrolment.  
Interventions 

Serial clinical, electrographical and biochemical investigations were performed at admission 
and after 2, 4, 6 and 12 h. Hs-cTnI was mesured using an assay with Dimension VISTA, 
Siemens. Copeptin was measured by the B.R.A.H.M.S copeptin-us assay on the KRYPTOR 
Compact Plus system. The follow-up was 90 days. 
Primary and secondary outcome measures 

Copeptin, troponin, myoglobin and creatin kinase values. Clinicals and paraclinicals events. 
The final diagnosis was adjudicated blinded to copeptin result. 
Results 

During 12 months, 102 patients were analysed. Final diagnosis was NSTEMI for 7.8% (n=8), 
unstable angina for 3.9% (n=4), cardiac but non coronary artery disease for 8.8% (n=9), non-
cardiac chest pain for 52% (n=53) and unknown for 27.5% (n=28). There was no statistical 
difference for copeptin values between NSTEMI patients and others (respectively 5.5 pmol/L 
IQR[3.1-7.9] and 6.5 pmol/L IQR[3.9-12.1], p=0.49). Only one NSTEMI patient had a 
copeptin value at admission above the cut off of 95th percentile at admission. 
Conclusions 

In this study, copeptin does not add a diagnostic value at admission to ED for suspected acute 
coronary syndrome patients without ST-segment elevation and with hs-cTnI below the 99th 
percentile.  
Trial registration 

Clinicaltrials.gov identifier: NCT01334645. 
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STRENGTHS AND LIMITATIONS OF THIS STUDY 

 
- To our knowledge, our prospective multicentric study is the only one that includes only 
patients with suspected NSTEMI and high sensitive cardiac troponin I (hs-cTnI) below the 
99th percentile at presentation to ED, to limit spectrum bias. 
- The main limitation of our study is the number of patients included. Indeed we are below the 
prevalence. This may be explained by the fact that our study included only patients with 
negative ultrasensitive troponin at admission. However, this is the only group of patients for 
which a multimarker rule-out strategy could add diagnostic value. 
- Moreover, we evaluated the sensitivity troponin and copeptin for all patients with the same 
assay technique which enabled to control the occurrence of methodological bias. 
 
 
 

 

MANUSCRIPT 

 

 

INTRODUCTION 

 
Detection of a rise and/or fall of cardiac troponin with clinical symptoms of ischemia or 
abnormal electrocardiography (ECG) or imaging findings remains the gold standard for the 
identification of myocardial infarction.[1] At Emergency Department, patients with non–ST-
segment elevation myocardial infarction (NSTEMI) working diagnosis requires serial 
measurement of troponin.[2] However, most of these patients do not have acute coronary 
syndrome (ACS). Identify patients suffering from non-life-threatening diseases with only one 
blood sample is a challenge. Many biomarkers were evaluated, alone or in combination with 
troponin.[3,4] Copeptin accuracy was explored recently in this rule out diagnostic strategy. 
This glycopeptide, who is the C-terminal part of the arginine vasopressin (AVP) precursor, is 
secreted stoichiometrically with AVP from the neurohypophysis. AVP is a marker of 
endogenous stress but routine measurement of AVP is limited due by its instability and 
difficulty of the assay.[5] Copeptin now appears to be an attractive alternative to AVP, 
because of its stability and development of automated technique for reliable and reproducible 
dosage.[6-8] 
Since the first publication in this indication in 2009, several studies have investigated 
copeptin.[9-35] Some of these studies suggest that the association of troponin and copeptin at 
the first measurement has a powerfull negative predictive value (NPV) to rule out patients 
without NSTEMI. 
Interpretation of the copeptin diagnostic accuracy through these studies is not evident. First, 
because analysis comparisons are disrupted by the development of high-sensitivity cardiac 
troponin T and I assays and the availability of three commercial assays for copeptin 
(LUMItest®, Copeptin Kryptor®, Copeptin-us Kryptor®). Furthermore, many protocols 
included ST-segment elevation myocardial infarction (STEMI) patients and patients with a 
high-sensitive cardiac troponin above 99th percentile at admission. For these patients, 
copeptin does not add diagnostic information, urgent revascularisation or serial blood 
samples, respectively, remains necessary. 
The aim of this study was to determine if copeptin-us can rule out diagnosis of acute 
myocardial infarction without prolonged monitoring and serial blood sampling in patients 
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with suspected NSTEMI and high sensitive cardiac troponin I (hs-cTnI) below the 99th 
percentile at presentation to ED. 
 
 
METHODS 

 

Study design and setting 
This diagnostic test evaluation is a prospective non-randomized individual blinded 
multicentric cohort study. The Clermont-Ferrand University Hospital designed and 
coordinated the study. The duration of the study was one year, between march 2011 and 
march 2012 at the ED of two hospitals of Auvergne, a rural region of France (1.3 million 
people). First one, Gabriel Montpied in Clermont-Ferrand, is a teaching hospital and 
provincial referral center with 48000 ED admissions per year. The second hospital, Henri 
Mondor in Aurillac, is a general hospital with 25000 ED admissions per year. Each units had 
a catheterization laboratory available 24 hours a day. The study complied with the Declaration 
of Helsinki and was approved by the ethical committee Comité de Protection des Personnes 
Sud-Est VI (AU 871). Before study launch, methods were registered with ClinicalTrials.gov 
(NCT01334645). 
 
 
Population 
Consecutive patients admitted with a chest pain suspected of NSTEMI in emergency 
department were considered for enrolment in the study. The inclusion criteria were the 
following : patients older than 18 years with chest pain suggestive of ACS of < 12 hours’ 
duration since his onset. Atypical presentations of NSTEMI are not uncommon,[2] therefore 
the criteria for a pain suggestive of ACS were those of usual clinical practice of investigators. 
It should be non-traumatic. Written informed consent was obtained from all participating 
patients. Patients with ST-segment elevation, legal incapacity, sepsis, shock, lung neoplasms, 
terminal kidney failure requiring dialysis, life expectancy of less than 6 months were 
excluded. After the result of the first blood sample, patients with hyponatremia < 135 mmol/L 
or hs-cTnI > 0,045 μg/L were released of the study.  

ST-segment elevation, measured at the J point, was diagnosed according to the third universal 
definition of myocardial infarction (MI).[1] It should be found in two contiguous leads with 
the cut-points: ≥ 0.1 mV in all leads other than leads V2–V3 where the following cut points 
apply: ≥ 0.2 mV in men ≥ 40 years; ≥ 0.25 mV in men < 40 years, or ≥ 0.15 mV in women. 

Sepsis, shock, lung neoplasms, terminal kidney failure requiring dialysis and hyponatremia 
are diseases in which the rate of vasopressin, and thus of copeptin, may be modified. These 
patients were not included to minimize confounding factors. 
 
 
Study protocol 
Upon admission, all patient underwent an initial clinical assessment, including medical 
history, temperature, respiratory rate, cardiac frequency, blood pressure, pulse oxymetry, 18-
lead ECG, chest X-ray and screening blood test including : C-reactive protein, natremia, 
creatinin, hs-cTnI and creatin kinase (CK). Risk factors and previous medical history were 
collected as stated by the patient and its treatment. Family history of coronary artery disease 
(CAD) were noted if a member of the first-degree relatives had coronary artery disease before  
65 years. Blood sampling were collected for hs-cTnI and CK analysis and 18-lead ECG were 
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performed after 2, 4, 6 and 12 h. At each time point, blood sample was centrifuged and 
plasma was frozen at -80 oC for copeptin and myoglobin testing at the end of the study 
recruitment, blinded to final diagnosis. Further investigations and treatment of patients were 
not modified by the study. At 90 days, clinical events were collected from the patients, theirs 
general practitioners and the hospitals where they were explored. 
Concentration of copeptin was measured by the B.R.A.H.M.S copeptin-us 
immunoluminometric assay on the KRYPTOR Compact Plus system (Thermo Fisher 
Scientific). The detection limit as described by the manufacturer was signified as being 0.9 
pmol/L and the lowest concentration measurable with a coefficient of variation (CV) < 10% 
has been reported < 4 pmol/L. Direct measuring range was 0.9 to 500 pmol/L. The 95th 
percentile among healthy subjects is < 12.0 pmol/L and was specified for rapid exclusion of 
acute myocardial infarction (AMI). 
Hs-cTnI was measured using a chemiluminescence test (Dimension VISTA®, Siemens 
Healthcare Diagnostics). The limit of blank of hs-cTnI was 0.015 μg/L, the 99th percentile 
concentration was 0.045 μg/L and the lowest concentration measurable with a CV < 10% 
was 0.040 μg/L according to the manufacturer. The 99th percentile (0.045 μg/L) was used 
as diagnostic cut-off to fulfil AMI criteria. 
Myoglobin was measured by Dimension VISTA® (Siemens Healthcare Diagnostics). The 
measuring range extended from 0.5 to 1000 µg/L. The 95th percentile concentration was 
116 µg/L for men and 71 µg/L for women. At concentrations of 110 µg/L, the inter-assay CV 
was 4.9% and the intra-assay CV was 5%.  
Natremia, C-reactive protein, creatinin and CK, were measured using standardized methods. 
 
 
Outcomes 
The final diagnosis was adjudicated, blinded to copeptin results, by an expert committee of 
three cardiologists, four emergency physicians and two biochemists (whose one MD-PhD of 
each specialty), with all available medical records  from the time of ED presentation to 90-
day follow-up. Each subject was classified in the following categories : Non-ST Elevation 
Myocardial Infarction (NSTEMI), Unstable angina (UA), Cardiac but non coronary artery 
disease (CNCAD), non-cardiac chest pain (NCCP) and unknown cause of chest pain. The 
diagnosis was determined according to the current guidelines and universal  definition of 
myocardial infarction.[1,2] The diagnosis of NSTEMI, in these patients showing suspected 
symptoms of ACS, was defined by a rise and/or fall of hs-cTnI with at least one value above 
the 99th percentile and with the following criteria : imaging evidence of new loss of viable 
myocardium or new regional wall motion abnormality or  identification of an intracoronary 
thrombus by angiography. The defining criteria unstable angina were the same as those 
defining the NSTEMI, without elevation of troponin. Diagnosis of CNCAD was performed if 
a coronary artery disease was exclude by additional testing. Diagnosis of NCCP was 
performed if a cardiac aetiology was exclude. Unknown cause of chest pain diagnosis was 
defined when no sufficient further diagnostic procedures were performed. 
Copeptin and myoglobin measurements were performed at the end of the study recruitment, 
blinded to the final diagnosis. 
 
 
Statistical analysis 
In order to show a different copeptin value between NSTEMI and non NSTEMI subjects, 
with an expected difference of 15 pmol/L, a standard deviation of 20.7 pmol/L, a significance 
level of 5% and a power of 95%, 40 NSTEMI subjects were needed.  
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Continuous variables were displayed either as means ± SD or medians and interquartile range 
(IQR). Categorical variables were described by using frequencies and percentages.  
The analysis of quantitative variables was performed using the two-tailed Student’s t-test after 
checking the assumption of equal variances (Levene test) and one way analysis of variance 
for variables following a normal distribution. Otherwise, the Wilcoxon rank sum tests for 
continuous variables and Kruskal-Wallis tests were used. Categorical variables were analysed 
using Chi-square analysis or the Fisher exact test (if needed). For all tests, a significance level 
of p<0.05 was used. 
Statistical analysis was performed using SAS (v 9.3, SAS Institute Inc., Cary, NC, USA). 
 
 
RESULTS 

 
Patient characteristics 
During 12 months, 147 patients were assessed for eligibility in both ED. Nine presented one 
or more exclusion criteria, six did not give their informed consent for participation, 26 were 
released after the results of the first blood sample because they had hyponatremia 
< 135 mmol/L (n=3) or hs-cTnI > 0,045 μg/L (n=23). For three patients, blood samples at 
presentation were not frozen for copeptin and myoglobin measurement. Only one patient was 
lost of follow-up. A total of 102 patients were analysed, 62 were recruited at the Clermont-
Ferrand university hospital ED and 40 at the Aurillac general hospital ED (Figure 1). 
The adjudicated final diagnosis was NSTEMI for 7.8% (n=8), UA for 3.9% (n=4), CNCAD 
8.8% (n=9), NCCP for 52% (n=53) and unknown for 27.5% (n=28).  
CNCAD included pericarditis (3), supraventricular tachycardia (3), ventricular tachycardia (2) 
and left hypertrophy (1). Patients with adjudicated diagnosis NCCP included patient with 
anxiety (3), stomach disease (4), herpes zoster (1), neoplasms (4), breast hematoma (1), 
cholecystitis (1) vasovagal syncope (1) and osteoarthritis (2). 
Baseline characteristics of each population are shown in Table 1. 
 
Table 1. Baseline characteristics 

Characteristics All patients NSTEMI 
Non-

NSTEMI 
p Value 

Patients, n (%) 102 (100) 8 (7.8) 94 (92.2)  
Men, n (%) 64 (62.7) 7 (87.5) 57 (55.9) 0.25 
Age (years), mean (SD) 59 (16) 66 (16) 59 (16) 0.25 
Risk factors     
Body Mass Index, kg/m2 (SD) 26.93 (4.9) 27.1 (3.7) 26.9 (5) 0.94 
Family history of CAD, n (%) 33 (32.3) 3 (37.5) 30 (31.9) 0.71 
Hypertension, n (%) 49 (48) 5 (62.5) 44 (46.8) 0.48 
Hyperlipidemia, n (%) 51 (50) 4 (50) 47 (50) 1.0 
Diabetes mellitus, n (%) 17 (16.7) 1 (12.5) 16 (17) 1.0 
Current smoking, n (%) 26 (25.5) 5 (62.5) 21 (22.3) 0.02 
History of smoking, n (%) 30 (29.4) 1 (12.5) 29 (31.1) 0.43 
History, n (%)     
CAD 35 (34.3) 4 (50) 31 (33) 0.44 
Previous myocardial infarction 27 (26.5) 4 (50) 23 (24.5) 0.20 
Previous revascularization 26 (25.5) 3 (37.5) 23 (24.5) 0.42 
History of heart failure 5 (4.9) 0 5 (5.3) 1.0 
Peripheral artery disease 6 (5.9) 2 (25) 4 (4.3) 0.07 
Previous stroke 6 (5.9) 1 (12.5) 5 (5.3) 0.4 
Clinical status     
Heart rate, beats/min (SD) 77 (17) 81 (18) 77 (17) 0.5 
Systolic blood pressure, mmHg (SD) 141 (22) 149 (28) 140 (21) 0.29 
Diastolic blood pressure,mmHg (SD) 83 (15) 92 (13) 82 (14) 0.06 
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Respiratory rate, respiratory cycles/min (SD) 17 (4) 16 (5) 17 (4) 0.53 
Temperature, oC (SD) 36.7 (0.5) 36.9 (0.2) 36.7 (0.5) 0.16 
Killip class 1, n (%) 97 (95) 8 (100) 89 (94.7) 1.0 
Killip class 2, n (%) 5 (5) 0 5 (5.3) 1.0 
Time between pain onset and admission h:min (SD) 3:48 (2:50) 2:27 (1:39) 3:55 (2:53) 0.16 
Biochemical values at admission     
Natremia, mmol/L (SD) 140.3 (2.9) 137.4 (2.3) 140.5 (2.8) 0.0022 
Creatinin, μmol/L (SD) 80.4 (17.5) 82.3 (18.7) 80.2 (17.5) 0.75 
MDRD, mL/min/1.73 m2 (SD) 85.2 (23.5) 84.1 (19.1) 85.3 (23.9) 0.9 
CRP, mg/L (SD) 4.9 (7.7) 4.6 (6.1) 4.9 (7.8) 0.93 
Electrocardiographic findings at admission     
Normal, n (%) 43 (42.1) 1 (12.5) 42 (44.7) 0.13 
Left bundle branch block, n (%) 0 0 0  
ST segment elevation, n (%) 0 0 0  
ST segment depression, n (%) 9 (8.82) 2 (25) 7 (7.5) 0.15 
T wave inversion, n (%) 20 (19.6) 3 (37.5) 17 (18.1) 0.19 
No significant abnormalities, n (%) 30 (29.4) 2 (25) 28 (29.8) 1.0 
Risk scores     
GRACE, score (SD) 96 (31) 107.8 (25.4) 95.6 (31.3) 0.29 
TIMI 0, n (%) 29 (28.4) 2 (25) 28 (29.8) 1.0 
TIMI 1, n (%) 26 (25.5) 0 26 (27.6) 0.11 
TIMI 2, n (%) 14 (13.7) 2 (25) 12 (12.8) 0.30 
TIMI 3, n (%) 21 (20.6) 1 (12.5) 20 (21.3) 1.0 
TIMI 4, n (%) 9 (8.8) 3 (37.5) 6 (6.4) 0.02 
TIMI 5, n (%) 2 (2) 0 2 (2.1) 1.0 
Explorations     
Echocardiography, n (%) 61 (59.8) 7 (87.5) 54 (57.4) 0.14 
Cardiac exercice test, n (%) 47 (46) 0 47 (50) 0.007 
Coronary angiography, n (%) 19 (18.6) 7 (87.5) 12 (12.8) <0.0001 

 
Values are presented as n (%) or mean +/- SD 
CAD, Coronary Artery Disease; CRP, C-reactive protein; GRACE, Global Registry of Acute Cardiac Events; 
TIMI, Thrombosis In Myocardial Infarction. 
 
 
Time between pain onset and admission was less than 3 hours for 58 patients (56.9%). 
Twenty-four patients were admitted between 3 and 6 h after the onset of pain (23.5%), 13 
patients between 6 and 9 h (12.7%) and 7 patients between 9 and 12 h (6.9%). All patients 
with a diagnosis of myocardial infarction were admitted within the first 6 hours after the chest 
pain onset, five of them in the first 3 hours. The mean interval between chest pain onset and 
admission is 147,5 min ± 99 min for NSTEMI patients and 235 min ± 173 min for patients 
without NSTEMI (p=0.16). 
 
Main results : 
Serial blood testing : 
At admission, all patients were recruited for blood testing. Because of therapeutic necessities 
after inclusion, 3 NSTEMI patients did not have all required blood sampling. Thus, data of the 
8 NSTEMI patients are available at H0, data of 7 NSTEMI patients are available at H2, H4 
and H6, and data of 6 NSTEMI patients at H12. Results of biomarkers are displayed in 
Figures 2 to 5. 
 
Troponin 
According to the inclusion criteria, all patients had hs cTnI ≤ 99th percentile at admission. 
Troponin is the only marker studied for which showed a significant difference between the 
two groups for each time performed (0, 2, 4, 6 and 12 h), including at admission.  
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Copeptin 
Median copeptin levels for NSTEMI and the others patients at admission were respectively 
5.5 pmol/L IQR[3.1-7.9] and 6.5 pmol/L IQR[3.9-12.1], p=0.49. Only one NSTEMI patient 
showed a copeptin value at admission above the cut off of 12 pmol/L (435.2 pmol/L). This 
patient, who had a GRACE score of 151, was also the only patient who died during the follow 
up. For all of the samples recruited during the 12 h following admission (2, 4, 6 and 12 h) 
there was no significant difference in the copeptin values between patients with NSTEMI and 
those with no NSTEMI, respectively 5.9 pmol/L IQR[3.1-8.3] and 5.5 pmol/L IQR[3.5-10] at 
2 h (p=0.86), 4.7 pmol/L IQR[2.9-8.4] and 5.4 pmol/L IQR[3.7-9.3] at 4 h (p=0.74), 
5.9 pmol/L IQR[2.5-6.9] and 5.6 pmol/L IQR[3.5-8.8] at 6 h (P=0.77) and 3.9 pmol/L 
IQR[2.8-10.2] and 6.1 pmol/L IQR[4-9.7] at 12 h (p=0.49). 
 
Myoglobin 
At admission, the median myoglobin for NSTEMI patients was 52.1 µg/L IQR[41.1-66.1] and 
47.3 µg/L IQR[38-66.6] for patients with other diagnostics, p=0.71. At 2, 4 and 6 h, median 
myoglobin was significantly higher in NSTEMI patients than in patients with other diagnosis, 
respectively 72.9 µg/L and 48.6 µg/L (p=0.01), 102 µg/L and 47.8 µg/L (p=0.04), 107.5 µg/L 
and 49.5 µg/L (p=0.03). 
 
Creatin Kinase 
At inclusion, medians CK concentrations were 156.5 U/L IQR[90-231.5] in NSTEMI patients 
and 182 U/L IQR [105-277] in non-NSTEMI patients (p=0.59). At 6 h and 12 h, CK values of 
NSTEMI patients were higher than those of other patients without significant difference, 
respectively 183 U/L and 147 U/L (p=0.93), 186 U/L and 128 U/L (p=0.26).  
 
Diagnostic accuracy 
For a cut-off level of 12 pmol/L,  sensitivity of copeptin for NSTEMI diagnosis at admission 
was 12.5%, with a specificity of 74.5%, a predictive positive value of 4% and a NPV of 
90.9%. None patients had a myoglobin value above the 95th percentile at admission. 
At the sixth hour, all of 8 NSTEMI patients had at least one troponin above the 0.045 μg/L. 
One patient had a troponin measured on the sample at the 6th hour already below this 
threshold and will continue to decrease until the twelfth hour. 
 
 
LIMITATIONS OF THE STUDY 
 
Despite the bicentric  inclusions on a one year period, only eight patients with NSTEMI and 
hs-cTnI below the 99th percentile at presentation were included. To show a significant 
difference between subjects with NSTEMI and those who do not have NSTEMI with an 
expected difference of 15 pmol/L, as in the first study of Reichlin et al,[9] the number of 
NSTEMI subjects needed was 40 patients. We were not able to include the expected number 
of patients within the time allowed by the design of the study and its permissions. Thus, the 
area under the ROC curve (AUC) and the net reclassification index could not be calculated. 
We did not assess the pre-test probability, which could increase the relevance of the 
biomarker in certain patient populations. However, there are no validated score to determine 
the clinical probability of ACS. 
This study was conducted in France, with a prehospital system of medicalization. Patients 
supported upstream of the hospital for a very suspicious chest pain, even without ST-
elevation, could be directly admitted to the cardiology department to perform immediate 
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exploration, forming an incorporation bias. Probably, the results of this study could probably 
not be extrapolated to ED collaborating with other prehospital supports. 
Twelve hours after admission, there was no significant difference between the two groups 
(NSTEMI vs non-NSTEMI) for myoglobin and CK. This may be due to the low infarcts size 
observed (hs-cTnI < 99th percentile at admission in the 6 hours after the pain onset) but also 
to the lack of 12-hour blood samples for two NSTEMI patients.  
 
 
DISCUSSION 

 
Despite its limitations, our study complements the results of previously published data. In this 
prospective study, we used the latest generation of troponin I and copeptin assays. We have 
developed the protocol in a logical form. According to previous studies, copeptin can add a 
diagnostic value if there is not ST-elevation and if troponin at admission is less than a 
threshold. Thus, we focused the study for this category of patients to reduce spectrum bias. 
Knowing that only 14 minutes are needed to get a copeptin-us result, this analyse could be 
requested or performed automatically when the troponin is below the threshold, in a rational 
use of resources.  
Although the copeptin NPV was 90.9% in our study, if NSTEMI diagnosis had been ruled out 
only regarding copeptin value at admission, seven of eight NSTEMI patients would have 
returned home without care. These results are consistent with COPED-MIRRO study which 
had a similar design but mostly used a 4th generation troponin.[33] 
We identified the other studies assessing the copeptin diagnostic accuracy that used a high 
sensitive troponin. If we analyse the subgroups of patients similarly to our study, most results 
are equivalent to ours. Thus, in the latest study published, Sukul et al report that copeptin did 
not identify any additional patient with AMI in initial troponin-negative patients.[35] Also, 
the CHOPIN study, with 1967 patients analysed, had recruited 19 NSTEMI patients with a 
negative troponin. In this group, copeptin added to troponin testing at admission did not 
identify 9 NSTEMI patients (sensitivity 53%).[27] In the ROMICAT study, which did not 
separated the unstable angina from the NSTEMI in their analysis, as well as in the RATPAC 
and APACE trials, the authors report that copeptin did not provide additional significant 
diagnostic value to the high sensitivity troponin.[19,32,34] Charpentier and colleagues reports 
that the sensitivity and diagnostic accuracy were not acceptable for use in clinical 
practice.[28] Moreover, for the patients from the FAST II and FASTER I studies, copeptin 
does not detect 18 of the 27 NSTEMI patients with troponin below the 99th percentile 
(sensitivity = 33% in this subgroup). Bahrmann et al and Lotze et al found a negative 
predictive value of 100%, but each of these studies included only one NSTEMI patient with 
hs-cTn below the cut-off defined.[14,25] Thelin et al found a significant difference between  
sensitivities of single troponin versus the combination of troponin and copeptin.[30] 
However, regarding published data, copeptin had identified 6 of 9 NSTEMI patients 
(sensitivity 67%) in patients presenting a negative troponin at admission.  
The first studies analysing copeptin associated with a high sensitive troponin revealed a 
significant diagnostic contribution of copeptin. Meune et al included 58 patients in a 
cardiology department where the prevalence of coronary syndromes is more important.[12] 
The combination of copeptin and hs-cTnT had identified all NSTEMI patients, but the status 
of the hs-cTnT for these patients is unknown. Keller et al showed a slightly but significant 
improvement of the AUC for the subgroup of patients at the ED within 3 hours after chest 
pain onset, but reported data do not permit to analyse the subgroup of patients with a negative 
troponin. 
Consequently, copeptin seems to have insufficient sensitivity for NSTEMI patients with 
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troponin below the 99th percentile at admission. This is probably due to important similarities 
between this group and patients with a diagnosis of unstable angina, in which copeptin levels 
have not been shown as significantly different from those of non-coronary chest pain patients 
in most of previous studies. The hypothesis suggested in the first study on the diagnostic 
value of copeptin for ACS, could be that endogenous stress caused by unstable angina could 
be lower than in AMI patients and could be insufficient to cause a copeptin release.[9] 
Moreover, the authors of the ROMICAT study, regarding their results, as they corroborated 
Kelly et al, suggest that copeptin is a reflection of left ventricular dysfunction and not of 
coronary artery status. [13,36] These assumptions are consistent with the physiologic function 
of AVP and could explain the results of our study. 
In our study, one patient had increased troponin level above the cut-off only after six hours. 
Still considering the sixth hour, troponin level of one NSTEMI patients had already begun its 
decline and was below the threshold of the 99th percentile. This observation is consistent with 
the precautionary statements of the Study Group on Biomarkers in Cardiology of the 
European Society of Cardiology Working Group on Acute Cardiac Care, advocating 
additional blood sampling in patients strongly suspected of having an AMI but no significant 
hs-cTn increase after 3 h.[37] 
A recent study suggest that undetectable Roche high sensitive cardiac troponin T at admission 
could be considered to rule out AMI patients.[38] This algorithm could not be envisaged in 
our study population and the hs-cTnI used, 3 NSTEMI patients had hs-cTnI undetectable at 
admission. 
Finally, the only subject who died is the patient who had the highest value of copeptin, wich 
is consistent with highlight the of studies showing a prognostic role for copeptin.[19,25,27,29] 
In conclusion, our study did not show a relevant diagnostic value for copeptin in patients with 
suspected ACS without ST-elevation and with hs-cTnI below the 99th percentile at 
admission. Measurements of hs-cTn at presentation and after 3 h, and after 6 h if necessary, 
remains the biochemical gold standard for NSTEMI diagnosis.[1,37] Using a novel marker 
for NSTEMI diagnosis, alone or in a multimarker strategy, requires at least to have as good 
sensitivity and negative predictive value as serial troponin testing. 
 

 
 

Table and Figure Legends 
 

 

Figure 1.  Flow chart 
 
Table 1. Baseline characteristics 
 
Figures 2 to 5. Box plots (median, interquartile range, minimal and maximal values) illustrate 
Troponin, Copeptin, myoglobin and CK concentration in relation to time since admission for 
NSTEMI and non-NSTEMI patients. * p<0.0001, ** p=0.01, *** p=0.04, **** p=0.03. 
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Diagnostic accuracy of Copeptin sensitivity and specificity 

in patients with suspected non–ST-elevation myocardial 

infarction with troponin I below the 99th percentile at 

presentation. 
 
 
 

ABSTRACT 
 
Objective 
To determine if copeptin-us can rule out diagnosis of non–ST-segment elevation myocardial 
infarction (NSTEMI) acute myocardial infarction without prolonged monitoring and serial 
blood sampling in patients with suspected non–ST-segment elevation myocardial infarction 
(NSTEMI) and high sensitive cardiac troponin I (hs-cTnI) below the 99th percentile at 
presentation to the emergency department (ED). 
Design 

Prospective, non-randomized, individual blinded diagnostic accuracy study. 
Setting 
Two ED of a rural region of France. 
Participants 

Patient with a chest pain suspected of NSTEMI with onset within the last 12 h were 
considered for enrolment.  
Interventions 

Serial clinical, electrographical and biochemical investigations were performed at admission 
and after 2, 4, 6 and 12 h. Hs-cTnI was mesured using an assay with Dimension VISTA, 
Siemens. Copeptin was measured by the B.R.A.H.M.S copeptin-us assay on the KRYPTOR 
Compact Plus system. The follow-up was 90 days. 
Primary and secondary outcome measures 

Copeptin, troponin, myoglobin and creatin kinase values. Clinicals and paraclinicals events. 
The final diagnosis was adjudicated blinded to copeptin result. 
Results 

During 12 months, 102 patients were analysed. Final diagnosis was NSTEMI for 7.8% (n=8), 
unstable angina pectoris for 3.9% (n=4), cardiac but non coronary artery disease for 8.8% 
(n=9), non-cardiac chest pain for 52% (n=53) and unknown for 27.5% (n=28). There was no 
statistical difference for copeptin values between acute myocardial infarction (AMI)NSTEMI 
patients and  othersnon–AMI patients, (respectively 5.5 pmol/L IQR[3.1-7.9] and 6.5 pmol/L 
IQR[3.9-12.1], p=0.49)13. Only one AMI NSTEMI patient have had a copeptin value at 
admission above the cut off of 95th percentile at admission. 
Conclusions 

In this study, copeptin show no added value for the diagnostic does not add a diagnostic value 
at admission to ED for suspected acute coronary syndrome patients without ST-segment 
elevation and with hs-cTnI below the 99th percentile.  
Trial registration 

Clinicaltrials.gov identifier: NCT01334645. 
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- We were not able to include the expected number of patients. 
- To our knowledge, oOur prospective multicentric study is the only one that includes only 
patients with suspected NSTEMI and high sensitive cardiac troponin I (hs-cTnI) below the 
99th percentile at presentation to ED, to limit bias spectrum bias. 
- The main limitation of our study is the number of patients included. Indeed we are below the 
prevalence. This may be explained by the fact that our study included only patients with 
negative ultrasensitive troponin at admission. However, this is the only group of patients for 
which a multimarker rule-out strategy could add diagnostic value. 
- Moreover, we evaluated the sensitivity troponin and copeptin for all patients with the same 
assay technique which enabled to control the occurrence of methodological bias. 
 
- Despite the fact that we have not included the expected number of patients, if the required 
number of patients have been included to achieve 80% power (40 AMI patients), assuming 
that copeptin was positive for all other AMI patients, 7 of 40 AMI patients were ruled out. 
This risk seems too high, knowing that there is a more reliable method : troponin serial 
testing. 
 
 

 

MANUSCRIPT 

 

 

INTRODUCTION 

 
Detection of a rise and/or fall of cardiac troponin with clinical symptoms of ischemia or 
abnormal electrocardiography (ECG) or imaging findings remains the gold standard for the 
identification of myocardial infarction.[1][1] At Emergency Department, patients with non–
ST-segment elevation myocardial infarction (NSTEMI) working diagnosis requires serial 
measurement of troponin.[2][2] However, most of this these patients do not have acute 
coronary syndrome (ACS). Identify patients suffering from non-life-threatening diseases with 
only one blood sample is a challenge. Many biomarkers were evaluated, alone or in 
combination with troponin. [3,4][3,4] Copeptin accuracy was explored recently in this rule 
out diagnostic strategy. This glycopeptide, who is the C-terminal part of the arginine 
vasopressin (AVP) precursor, is secreted stoichiometrically with AVP from the 
neurohypophysis. AVP is a marker of endogenous stress but routine measurement of AVP is 
limited due by its instability and difficulty of the assay.[5] Copeptin now appears to be an 
attractive alternative to AVP, because of its stability and development of automated technique 
for reliable and reproducible dosage.[6-8] 
Since the first publication infor this indication in 2009, several studies have investigated 
copeptin, a surrogate marker of vasopressin. [9-35][5-30] Some of these studies suggest that 
the association of troponin and copeptin at the first measurement has a powerfull negative 
predictive value (NPV) to rule out patients withwithout no NSTEMI. 
Interpretation of the copeptin diagnostic accuracy with through these studies is not evident. 
First, because analysis comparisons are difficult due todisrupted by the development of high-
sensitivity cardiac troponin T and I assays and the availability of three commercial assays for 
copeptin (LUMItest®, Copeptin Kryptor®, Copeptin-us Kryptor®). Furthermore, many 
protocols included ST-segment elevation myocardial infarction (STEMI) patients and patients 
with a high-sensitive cardiac troponin above 99th percentile at admission. For these patients, 
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copeptin does not add diagnostic information, urgent revascularisation or serial blood 
samples, respectively, remains necessary. 
The aim of this study was to determine if copeptin-us can rule out diagnosis of acute 
myocardial infarction without prolonged monitoring and serial blood sampling in patients 
with suspected NSTEMI and high sensitive cardiac troponin I (hs-cTnI) below the 99th 
percentile at presentation to ED. 
 
 
METHODS 

 

Study design and setting 
This diagnostic test evaluation is a prospective non-randomized individual blinded 
multicentric cohort study. The Clermont-Ferrand University Hospital designed and 
coordinated the study. The duration of the study was one year, between march 2011 and 
march 2012 at the ED of two hospitals of Auvergne, a rural region of France (1.3 million 
people). First one, Gabriel Montpied in Clermont-Ferrand, is a teaching hospital and 
provincial referral center with 48000 ED admissions per year. The second hospital, Henri 
Mondor in Aurillac, is a general hospital with 25000 ED admissions per year. EachBoth units 
are organised with a 24-hourhad a catheterization laboratory available 24 hours a day. The 
study complied with the Declaration of Helsinki and was approved by the ethical committee 
Comité de Protection des Ppersonnes Sud-Est VI (AU 871). Before study launch, methods 
were registered with ClinicalTrials.gov (NCT01334645). 
 
 
Population 
Consecutive patients admitted with a chest pain suspected of NSTEMI inat emergency 
department were considered for enrolment in the study. The inclusion criteria werewas the 
following : patients older than 18 years with chest pain suggestive of ACS of < 12 hours’ 
duration since his onsetwith onset within the last 12 hours. Atypical presentations of NSTEMI 
are not uncommon,[2] therefore the criteria for a pain suggestive of ACS were those of usual 
clinical practice of investigators. It should be non-traumatic. Written informed consent was 
obtained from all participating patients. All patients provided written informed consent before 
enrolment. Patients with ST-segment elevation, legal incapacity, sepsis, shock, lung 
neoplasms, terminal kidney failure requiring dialysis, life expectancy of less than 6 months 
and refuse to consent were excluded. After the result of the first blood sample, patients with 
hyponatremia < 135 mmol/L or hs-cTnI > 0,045 μg/L were released of the study.  

ST-segment elevation, measured at the J point, was diagnosed according to the third universal 
definition of myocardial infarction (MI).[1] It should be found in two contiguous leads with 
the cut-points: ≥ 0.1 mV in all leads other than leads V2–V3 where the following cut points 
apply: ≥ 0.2 mV in men ≥ 40 years; ≥ 0.25 mV in men < 40 years, or ≥ 0.15 mV in women. 

Sepsis, shock, lung neoplasms, terminal kidney failure requiring dialysis and hyponatremia 
are diseases in which the rate of vasopressin, and thus of copeptin, may be modified. These 
patients were not included to minimize confounding factors. 
 
 
 
Study protocol 
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Upon admission, all patient underwent an initial clinical assessment, including medical 
history, temperature, respiratory rate, cardiac frequency, blood pressure, pulse oxymetry, 18-
lead ECG, chest X-ray and screening blood test including : C-reactive protein, natremia, 
creatinine, hs-cTnI and creatin kinase (CK). Risk factors and previous medical history were 
collected as stated by the patient and its treatment. Family history of coronary artery disease 
(CAD) were noted if a member of the first-degree relatives had coronary artery disease before  
65 years. Blood sampling were collected for hs-cTnI and CK analysis and 18-lead ECG were 
performed after 2, 4, 6 and 12 h. At each time point, blood sample was centrifuged and 
plasma was frozen at -80 oC for copeptin and myoglobin testing at the end of the study 
recruitment, blinded to final diagnosis. Further investigations and treatment of patients were 
not modified by the study. At 90 days, clinical and paraclinical events were collected from the 
patients, theirs general practitioners and the hospitals where they were explored. 
Concentration of copeptin was measured by the B.R.A.H.M.S copeptin-us 
immunoluminometric assay on the KRYPTOR Compact Plus system (Thermo Fisher 
Scientific). The detection limit as described by the manufacturer was assessed signified as 
being 0.9 pmol/L and the lowest concentration measurable with a coefficient of variation 
(CV) < 10% has been reported < 4 pmol/L. Direct measuring range was 0.9 to 500 pmol/L. 
The 95th percentile among healthy subjects is < 12.0 pmol/L and was specified for rapid 
exclusion of acute myocardial infarction (AMI). 
Hs-cTnI was measured using a chemiluminescence test (Dimension VISTA®, Siemens 
Healthcare Diagnostics). The limit of blank of hs-cTnI was 0.015 μg/L, the 99th percentile 
concentration was 0.045 μg/L and the lowest concentration measurable with a CV < 10% 
was 0.040 μg/L according to the manufacturer. The 99th percentile (0.045 μg/L) was used 
as diagnostic cut-off to fulfil AMI criteria. 
Myoglobin was measured by Dimension VISTA® (Siemens Healthcare Diagnostics). The 
measuring range extended from 0.5 to 1000 µng/mL. The 95th percentile concentration was 
116 µng/mL for men and 71 µng/mL for women. At concentrations of 110 µg/L, the inter-
assay CV was 4.9% and the intra-assay CV was 5%.  
Natremia, C-reactive protein, creatinin and CK, were measured using standardized methods. 
 
 
Outcomes 
The final diagnosis was adjudicated, blinded to copeptin results, by an expert committee of 
three cardiologists, four emergency physicians and two biochemists (whose one MD-PhD of 
each specialty), with all available medical records  from the time of ED presentation to 90-
day follow-up. The diagnosis was determined according to the current guidelines and 
universal  definition of myocardial infarction. [1,2] 
 Each subject was classified in the following categoriesEach subjects was classified as one of 
the following categories : Non-ST Elevation Myocardial Infarction (NSTEMI), Unstable 
angina pectoris (UA), Cardiac but non coronary artery disease (CNCAD), non-cardiac chest 
pain (NCCP) and unknown cause of chest pain. The diagnosis was determined according to 
the current guidelines and universal  definition of myocardial infarction.[1,2] NCCP were 
performed if a cardiac aetiology was exclude. The diagnosis of NSTEMI, in these patients 
showing suspected symptoms of ACS, was defined by a rise and/or fall of hs-cTnI with at 
least one value above the 99th percentile and with the following criteria : imaging evidence of 
new loss of viable myocardium or new regional wall motion abnormality or  identification of 
an intracoronary thrombus by angiography. The defining criteria unstable angina were the 
same as those defining the NSTEMI, without elevation of troponin. Diagnosis of CNCAD 
was performed if a coronary artery disease was exclude by additional testing. Diagnosis of 
NCCP was performed if a cardiac aetiology was exclude. NCCP were performed if a cardiac 
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aetiology was exclude.Unknown cause of chest pain diagnosis was defined when no sufficient 
further diagnostic procedures were performed. 
Copeptin and myoglobin measurements were performed at the end of the study recruitment, 
blinded to the final diagnosis. 
 
 
Statistical analysis 
In order Toto show a different copeptin value of copeptin between AMI NSTEMI subjects 
and non NSTEMInon-AMI subjects, with an expected difference of 15 pmol/L, a standard 
deviation of 20.7 pmol/L, a significance level of 5% and a power of 95%, the number of 40 
AMI NSTEMI subjects were needed was 40 patients.  
Continuous variables were displayed either as means ± SD or medians and interquartile range 
(IQR). Categorical variables were described by using frequencies and percentages.  
The analysis of quantitative variables was performed using the two-tailed Student’s t-test after 
checking the assumption of equal variances (Levene test) and one way analysis of variance 
for variables following a normal distribution. Otherwise, the Wilcoxon rank sum tests for 
continuous variables and Kruskal-Wallis tests were used. Categorical variables were analysed 
using Chi-square analysis or the Fisher exact test (if needed). For all tests, a significance level 
of p<0.05 was used. 
Statistical analysis was performed using SAS (v 9.3, SAS Institute Inc., Cary, NC, USA). 
 
 
RESULTS 

 
Patient characteristics 
During 12 months, 147 patients were assessed for eligibility in both ED. Nine presented one 
or more exclusion criteria, six did not give their informed consent for participation, 26 were 
released after the results of the first blood sample because they had hyponatremia 
< 135 mmol/L (n=3) or hs-cTnI > 0,045 μg/L (n=23). For three patients, blood samples at 
presentation were not frozen for copeptin and myoglobin measurement. Only one patient was 
lost of follow-up. A total of 102 patients were analysed, 62 were recruited at the Clermont-
Ferrand university hospital ED and 40 at the Aurillac general hospital ED (Figure 1). 
The adjudicated final diagnosis was NSTEMI for 7.8% (n=8), UA for 3.9% (n=4), CNCAD 
8.8% (n=9), NCCP for 52% (n=53) and unknown for 27.5% (n=28).  
CNCAD included pericarditis (3), supraventricular tachycardia (3), ventricular tachycardia (2) 
and left hypertrophy (1). Patients with adjudicated diagnosis NCCP included patient with 
anxiety (3), stomach disease (4), herpes zoster (1), neoplasms (4), breast hematoma (1), 
cholecystitis (1) vasovagal syncope (1) and osteoarthritis (2). 
Baseline characteristics of each population are shown in Table 1. 
 
Table 1. Baseline characteristics 

Characteristics All patients AMI 
(NSTEMI) 

Non-
AMINSTE

MI 
p Value 

Patients, n (%) 102 (100) 8 (7.8) 94 (92.2)  
Men, n (%) 64 (62.7) 7 (87.5) 57 (55.9) 0.2525 

Age (years), mean (SD) 
59.47 ± 
(16).05 

665.75 ± 
(16).04 

598.94 (± 
16).02 

0.2509 

Risk factors     

Body Mass Index,  (kg/m2 (SD)) 
26.93 ± 

(4.9) 
27.1 ± (3.7) 26.9 ± (5.0) 0.9416 

Family history of CAD, n (%) 33 (32.3) 3 (37.5) 30 (31.9) 0.7114 
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Hypertension, n (%) 49 (48) 5 (62.5) 44 (46.8) 0.48760 
Hyperlipidemia, n (%) 51 (50) 4 (50) 47 (50) 1.0 
Diabetes mellitus, n (%) 17 (16.7) 1 (12.5) 16 (17) 1.0 
Current smoking, n (%) 26 (25.5) 5 (62.5) 21 (22.3) 0.0243 
History of smoking, n (%) 30 (29.4) 1 (12.5) 29 (31.1) 0.4302 
History, n (%)     
CAD 35 (34.3) 4 (50) 31 (33) 0.4410 
Previous myocardial infarction 27 (26.5) 4 (50) 23 (24.5) 0.2031 
Previous revascularization 26 (25.5) 3 (37.5) 23 (24.5) 0.42168 
History of heart failure 5 (4.9) 0 5 (5.3) 1.0 
Peripheral artery disease 6 (5.9) 2 (25) 4 (4.3) 0.07692 
Previous stroke 6 (5.9) 1 (12.5) 5 (5.3) 0.43953 
Clinical status     
Heart rate,  (beats/min (SD)) 77 (± 17) 81 (± 18) 77 (± 17) 0.54970 
Systolic blood pressure,  (mmHg (SD)) 141 (± 22) 149 (± 28) 140 (± 21) 0.29888 
Diastolic blood pressure, (mmHg (SD)) 83 (± 15) 92 (± 13) 82 (± 14) 0.06576 
Respiratory rate, respiratory cycles/min (SD) 17 (± 4) 16 (± 5) 17 (± 4) 0.53270 
Temperature,  (oC (SD)) 36.7 (± 0.5) 36.9 (± 0.2) 36.7 (± 0.5) 0.16597 
Killip class 1, n (%) 97 (95) 8 (100) 89 (94.7) 1.0 
Killip class 2, n (%) 5 (5) 0 5 (5.3) 1.0 
Time between pain onset and admission  (h:min 
(SD)) 

3:48 (± 
2:50) 

2:27 (± 
1:39) 

3:55 (± 
2:53) 

0.1632 

Biochemical values at admission     

Natremia,  (mmol/L (SD)) 
140.3 (± 

2.9) 
137.4 (± 

2.3) 
140.5 (± 

2.8) 
0.0022 

Creatinin,  (μmol/L (SD)) 
80.4 (± 
17.5) 

82.3 (± 
18.7) 

80.2 (± 
17.5) 

0.7508 

MDRD,  (mL/min/1.73 m2 (SD)) 
85.2 (± 
23.5) 

84.1 (± 
19.1) 

85.3 (± 
23.9) 

0.98950 

CRP,  (mg/L (SD)) 4.9 (± 7.7) 4.6 (± 6.1) 4.9 (± 7.8) 0.9323 
Electrocardiographic findings at admission     
Normal, n (%) 43 (42.1) 1 (12.5) 42 (44.7) 0.1339 
Left bundle branch block, n (%) 0 0 0  
ST segment elevation, n (%) 0 0 0  
ST segment depression, n (%) 9 (8.82) 2 (25) 7 (7.5) 0.15468 
T wave inversion, n (%) 20 (19.6) 3 (37.5) 17 (18.1) 0.19874 
No significant abnormalities, n (%) 30 (29.4) 2 (25) 28 (29.8) 1.0 
Risk scores     

GRACE, score (SD) 96 (± 31) 
107.8 (± 

25.4) 
95.6 (± 
31.3) 

0.29897 

TIMI 0, n (%) 29 (28.4) 2 (25) 28 (29.8) 1.0 
TIMI 1, n (%) 26 (25.5) 0 26 (27.6) 0.1103 
TIMI 2, n (%) 14 (13.7) 2 (25) 12 (12.8) 0.3016 
TIMI 3, n (%) 21 (20.6) 1 (12.5) 20 (21.3) 1.0 
TIMI 4, n (%) 9 (8.8) 3 (37.5) 6 (6.4) 0.0213 
TIMI 5, n (%) 2 (2) 0 2 (2.1) 1.0 
Explorations     
Echocardiography, n (%) 61 (59.8) 7 (87.5) 54 (57.4) 0.14392 
Cardiac exercice test, n (%) 47 (46) 0 47 (50) 0.007 
Coronary angiography, n (%) 19 (18.6) 7 (87.5) 12 (12.8) <0.0001 

 
Values are presented as n (%) or mean +/- SD 
CAD, Coronary Artery Disease; CRP, C-reactive protein; GRACE, Global Registery of Acute Cardiac Events; 
TIMI, Thrombosis In Myocardial Infarction. 
 
 
Time between pain onset and admission was less than 3 hours for 58 patients (56.9%). 
Twenty-four patients were admitted between 3 and 6 h after the onset of pain (23.5%), 13 
patients between 6 and 9 h (12.7%) and 7 patients between 9 and 12 h (6.9%). All patients 
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with a diagnosis of myocardial infarction were admitted within the first 6 hours after the chest 
pain onset, five of them in the first 3 hours. The mean interval between chest pain onset and 
admission is 147,5 min ± 99 min for NSTEMI patients and 235 min ± 173 min for patients 
without AMI NSTEMI (p=0.1632). 
 
Main results : 
Serial blood testing : 
At admission, all patients were recruited for blood testing. Because of therapeutic necessities 
after inclusion, 3 AMI NSTEMI patients did not have all required blood sampling. Thus, data 
of the 8 AMI NSTEMI patients are available at H0, data of 7 AMI NSTEMI patients are 
available at H2, H4 and H6, and data of 6 AMI NSTEMI patients at H12. Results of 
biomarkers are displayed in Figures 2 to 5. 
 
Troponin 
According to the inclusion criteria, all patients had hs cTnI ≤ 99th percentile at admission.  
The median hs cTnI value was significantly higher in patients with NSTEMI diagnosis than in 
patients with other diagnosis, respectively 0.021 μg/L IQR[0.015-0.04] vs 0.015 μg/L 
IQR[0.015-0.015], p<0.0001. In the five NSTEMI patients who were admitted within 3 hours 
after the onset of pain median troponin was 0.015 μg/L IQR[0.015-0.023] and 0.040 μg/L 
IQR[0.018-0.045] for the 3 NSTEMI patients who consulted between 3 and 6 hours after the 
onset of pain (p=0.2090). 
Troponin is the only marker studied for which showed a significant difference between the 
two groups for each time performed (0, 2, 4, 6 and 12 h), including at admission.  
 
Copeptin 
The mMedian copeptin levels for AMI NSTEMI and non-AMI patientsthe others patients at 
admission were was respectively 5.5 pmol/L IQR[3.1-7.9] and 6.5 pmol/L IQR[3.9-12.1], 
p=0.4913. Only one AMI NSTEMI patient showed a copeptin value at admission above the 
cut off of 12 pmol/L (435.2 pmol/L). This patient, who had a GRACE score of 151, was also 
the only patient who died during the follow up. For all of the samples recruited during the 
12 h following admission (2, 4, 6 and 12 h) there was no significant difference in the copeptin 
values between patients with AMI NSTEMI and those with no AMINSTEMI, respectively 
5.9 pmol/L IQR[3.1-8.3] and 5.5 pmol/L IQR[3.5-10] at 2 h (p=0.8617), 4.7 pmol/L IQR[2.9-
8.4] and 5.4 pmol/L IQR[3.7-9.3] at 4 h (p=0.7430), 5.9 pmol/L IQR[2.5-6.9] and 5.6 pmol/L 
IQR[3.5-8.8] at 6 h (P=0.77695) and 3.9 pmol/L IQR[2.8-10.2] and 6.1 pmol/L IQR[4-9.7] at 
12 h (p=0.49872). 
 
Myoglobin 
At admission, the median myoglobin for AMI NSTEMI patients was 52.1 µng/mL IQR[41.1-
66.1] and 47.3 µng/mL IQR[38-66.6] for patients with other diagnostics, p=0.71060. At 2, 4 
and 6 h, median myoglobin was significantly higher in AMI NSTEMI patients than in patients 
with other diagnosis, respectively 72.9 µng/mL and 48.6 µng/mL (p=0.012), 102 µng/mL and 
47.8 µng/mL (p=0.0422), 107.5 µng/mL and 49.5 µng/mL (p=0.031). 
 
Creatin Kinase 
At inclusion, mMedians CK concentrations wereas 156.5 U/L IQR[90-231.5] in AMI 
NSTEMI patients and 182 U/L IQR [105-277] in non-AMI NSTEMI patients at inclusion 
(p=0.59882). At 6 h and 12 h, CK values of AMI NSTEMI patients were higher than those of 
other patients without significant difference, respectively 183 U/L and 147 U/L (p=0.9371), 
186 U/L and 128 U/L (p=0.26554).  
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Diagnostic accuracy 
For a cut-off level of 12 pmol/L,  sensitivity of copeptin for AMI NSTEMI diagnosis at 
admission was 12.5%, with a specificity of 74.5%, a predictive positive value of 4% and a 
NPV of 90.9%. None patients had a myoglobin value above the 95th percentile at admission. 
At the sixth hour, all of 8 AMI NSTEMI patients had at least one troponin above the 0.045 μ
g/L. One patient had a troponin measured on the sample at the 6th hour already below this 
threshold and will continue to decrease until the twelfth hour. 
 
 
LIMITATIONS OF THE STUDY 
 
Although Despite the bicentric  inclusions and carried onone a one year period, only eight 
patients with NSTEMI and hs-cTnI below the 99th percentile at presentation were included. 
To show a significant difference between subjects with AMI NSTEMI and those who do not 
have AMI NSTEMI with an expected difference of 15 pmol/L, as in the princeps first study of 
Reichlin et al,[9] the number of AMI NSTEMI subjects needed wasis 40 patients.[5] We were 
not able to include the expected number of patients within the time allowed by the design of 
the study and its permissions. Thus, the area under the ROC curve (AUC) and the net 
reclassification index could notcan not be calculated because of too few AMI patients. 
We did not assess the pre-test probability, which could increase the relevance of the 
biomarker in certain patient populations. However, there are no validated score to determine 
the clinical probability of ACS. 
This study was conducted in France, with a system of prehospital system of medicalization. 
Patients supported upstream of the hospital for a very suspicious chest pain, even without ST-
elevation, could be directly admitted to the cardiology department to perform immediate 
exploration, forming an incorporation bias. Probably, the results of this study couldare 
probably not be extrapolated to all ED collaborating with other prehospital supports. 
Twelve hours after admission, there is was no significant difference between the two groups 
(AMI NSTEMI vs non-AMINSTEMI) for myoglobin and CK. This may be due to the fact 
that the population studied have low infarcts size observed (hs-cTnI < 99th percentile at 
admission in the 6 hours after the pain onset) and thatbut also, to the lack of 12-hour blood 
samples for two AMI NSTEMI patients have not been collected at the twelfth hour.  
 
 
DISCUSSION 

 
After considering theDespite its limitations, our study complements the results of previously 
published data. In this prospective study, we used the latest generation of troponin I and 
copeptin assays. We have developed the protocol in a logical form. According to previous 
studies, copeptin can add a diagnostic value if there is not ST-elevation and if troponin at 
admission is less than a threshold. Thus, we focused the study for this category of patients to 
reduce spectrum bias. Knowing that only that the time to result for the copeptin-us is 
14 minutes are needed to get a copeptin-us result, this analyse could be requested or 
performed automatically when the troponin is below the threshold, infor a rational use of 
resources. To reduce the bias spectrum, we specifically explored the diagnosic value of 
copeptin only in patients with suspected ACS with non–ST-segment elevation and with high 
sensitive cardiac troponin below the 99th percentile at admission, while most of the studies 
have examined all patients with suspected ACS including STEMI patients and/or patients 
with a troponin above the 99th percentile at admission. In these populations, the prevalence of 
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AMI is higher than patient without ST elevation and troponin below the 99th percentile. Also, 
for this patients, urgent care or further explorations will not be influenced by the result of 
copeptin. Results of these previous studies may have influenced the statistical evaluation of 
copeptin. 
In our study population, aAlthough the copeptin NPV was 90.9% in our study, if NSTEMI 
diagnosis had been ruled out only regarding we would have ruled out patients on the results of 
copeptin value at on admission, seven of height AMI NSTEMI patients would have returned 
at home without care. These results are consistent with COPED-MIRRO study whwhicho 
hadhave a similary design but had used mostly used a 4th generation troponin.[33][30]  
We identified the other studies assessing the copeptin diagnostic accuracy that used a high 
sensitive troponin. If we analyse the subgroups of patients similarly to our study, most results 
are equivalent to ours. Thus, in the latest study published, Sukul et al report that copeptin did 
not identify any additional patient with AMI in initial troponin-negative patients.[35] Also, 
the CHOPIN study, with 1967 patients analysed, had recruited 19 NSTEMI patients with a 
negative troponin. In this group, copeptin added to troponin testing at admission did not 
identify 9 NSTEMI patients (sensitivity 53%).[27] In the ROMICAT study, which did not 
separated the unstable angina from the NSTEMI in their analysis, as well as in the RATPAC 
and APACE trials, the authors report that copeptin did not provide additional significant 
diagnostic value to the high sensitivity troponin.[19,32,34] Charpentier and colleagues reports 
that the sensitivity and diagnostic accuracy were not acceptable for use in clinical 
practice.[28] Moreover, for the patients from the FAST II and FASTER I studies, copeptin 
does not detect 18 of the 27 NSTEMI patients with troponin below the 99th percentile 
(sensitivity = 33% in this subgroup). Bahrmann et al and Lotze et al found a negative 
predictive value of 100%, but each of these studies included only one NSTEMI patient with 
hs-cTn below the cut-off defined.[14,25] Thelin et al found a significant difference between  
sensitivities of single troponin versus the combination of troponin and copeptin.[30] 
However, regarding published data, copeptin had identified 6 of 9 NSTEMI patients 
(sensitivity 67%) in patients presenting a negative troponin at admission.  
The first studies analysing copeptin associated with a high sensitive troponin revealed a 
significant diagnostic contribution of copeptin. Meune et al included 58 patients in a 
cardiology department where the prevalence of coronary syndromes is more important.[12] 
The combination of copeptin and hs-cTnT had identified all NSTEMI patients, but the status 
of the hs-cTnT for these patients is unknown. Keller et al showed a slightly but significant 
improvement of the AUC for the subgroup of patients at the ED within 3 hours after chest 
pain onset, but reported data do not permit to analyse the subgroup of patients with a negative 
troponin. 
Consequently, copeptin seems to have insufficient sensitivity for NSTEMI patients with 
troponin below the 99th percentile at admission. This is probably due to important similarities 
between this group and patients with a diagnosis of unstable angina, in which copeptin levels 
have not been shown as significantly different from those of non-coronary chest pain patients 
in most of previous studies. The hypothesis suggested in the first study on the diagnostic 
value of copeptin for ACS, could be that endogenous stress caused by unstable angina could 
be lower than in AMI patients and could be insufficient to cause a copeptin release.[9] 
Moreover, the authors of the ROMICAT study, regarding their results, as they corroborated 
Kelly et al, suggest that copeptin is a reflection of left ventricular dysfunction and not of 
coronary artery status. [13,36] These assumptions are consistent with the physiologic function 
of AVP and could explain the results of our study. 
In our study, one patient had increased Even pursuing the inclusion up to 40 AMI patients as 
we envisage to highlight a significant difference, with these seven patients, the error seems 
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too important to rule out patients with suspected ACS at admission in our ED. However, only 
a larger study could confirm or refute this assumption.  
The troponin  level above the cut-off only after six hours. of one patient in our study had 
increased above the cut-off only at the sixth hour. Also,Still considering at the sixth hour, 
troponin level of one of AMI NSTEMI patients had already begun its decline and was below 
the threshold of the 99th percentile. This observation is consistent with the precautionary 
statements of the Study Group on Biomarkers in Cardiology of the European Society of 
Cardiology Working Group on Acute Cardiac Care, advocating additional blood sampling in 
patients strongly suspected of having an AMI but no significant hs-cTn increase after 
3 h.[37][31]  
A recent study suggest that undetectable Roche high sensitive cardiac troponin T at admission 
it could be considered to rule out AMI patients with undetectable Roche high sensitive cardiac 
troponin T at admission.[38][32] This algorithm couldis not be possible envisaged inwith our 
study population and the hs-cTnI used,, 3 NSTEMI patients had hs-cTnI undetectable at 
admission. 
Finally, the only subject who died is the patient who had the highest value of copeptin, wich 
is consistent with highlight the of studies showing a prognostic role forof copeptin. 
[19,25,27,29][15, 21, 25, 29] 
In summaryconclusion, our study did not reveal show a relevant diagnostic value forof 
copeptin infor patients with suspected ACS without ST-elevation and with hs-cTnI below the 
99th percentile at admission. Measurements of hs-cTn at presentation and after 3 h, and after 
6 h if necessary, remains the biochemical gold standard for AMI NSTEMI diagnosis. [1,37][1, 
31] Using a novel marker for ACS NSTEMI diagnosis, alone or in a multi-marker strategy, 
requires at least to havess as good sensitivity and negative predictive value than asa troponin 
serial troponin testing. 
 

 
 

Table and Figure Legends 
 

 

Figure 1.  Flow chart 
 
Table 1. Baseline characteristics 
 
Figures 2 to 5. Box plots (median, interquartile range, minimal and maximal values) illustrate 
Troponin, Copeptin, myoglobin and CK concentration in relation to time since admission for 
AMI NSTEMI and non-AMI NSTEMI patients. * p<0.0001, ** p=0.012, *** p=0.0422, **** 
p=0.031. 
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Flow chart  
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Box plots (median, interquartile range, minimal and maximal values) illustrate Troponin concentration in 
relation to time since admission for NSTEMI and non-NSTEMI patients. * p<0.0001.  
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Box plots (median, interquartile range, minimal and maximal values) illustrate Copeptin concentration in 
relation to time since admission for NSTEMI and non-NSTEMI patients.  
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￼￼￼￼￼￼Box plots (median, interquartile range, minimal and maximal values) illustrate myoglobin 

concentration in relation to time since admission for NSTEMI and non-NSTEMI patients. ** p=0.01, *** 
p=0.04, **** p=0.03.  
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Box plots (median, interquartile range, minimal and maximal values) illustrate CK concentration in relation 
to time since admission for NSTEMI and non-NSTEMI patients.  
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STARD checklist for reporting of studies of diagnostic accuracy 

(version January 2003) 

 
 

Section and Topic Item 

# 

 On page # 

TITLE/ABSTRACT/ 

KEYWORDS 

1 Identify the article as a study of diagnostic accuracy (recommend MeSH 

heading 'sensitivity and specificity'). 

Yes 

 

INTRODUCTION 2 State the research questions or study aims, such as estimating diagnostic 

accuracy or comparing accuracy between tests or across participant 

groups. 

1 

METHODS    

Participants 3 The study population: The inclusion and exclusion criteria, setting and 

locations where data were collected. 

1-2 

 4 Participant recruitment: Was recruitment based on presenting symptoms, 

results from previous tests, or the fact that the participants had received 

the index tests or the reference standard? 

1-2 

 5 Participant sampling: Was the study population a consecutive series of 

participants defined by the selection criteria in item 3 and 4? If not, 

specify how participants were further selected. 

1-2 

 6 Data collection: Was data collection planned before the index test and 

reference standard were performed (prospective study) or after 

(retrospective study)? 

1 

Test methods 7 The reference standard and its rationale. 1 

 8 Technical specifications of material and methods involved including how 

and when measurements were taken, and/or cite references for index 

tests and reference standard. 

2 

 9 Definition of and rationale for the units, cut-offs and/or categories of the 

results of the index tests and the reference standard. 

2 

 10 The number, training and expertise of the persons executing and reading 

the index tests and the reference standard. 

2 

 11 Whether or not the readers of the index tests and reference standard 

were blind (masked) to the results of the other test and describe any 

other clinical information available to the readers. 

2 

Statistical methods 12 Methods for calculating or comparing measures of diagnostic accuracy, 

and the statistical methods used to quantify uncertainty (e.g. 95% 

confidence intervals). 

2-3 

 13 Methods for calculating test reproducibility, if done. 3 

RESULTS    

Participants 14 When study was performed, including beginning and end dates of 

recruitment. 

1 

 15 Clinical and demographic characteristics of the study population (at least 

information on age, gender, spectrum of presenting symptoms). 

3-4 

 16 The number of participants satisfying the criteria for inclusion who did or 

did not undergo the index tests and/or the reference standard; describe 

why participants failed to undergo either test (a flow diagram is strongly 

recommended). 

3 

Test results 17 Time-interval between the index tests and the reference standard, and 

any treatment administered in between. 

2 

 18 Distribution of severity of disease (define criteria) in those with the target 

condition; other diagnoses in participants without the target condition. 

3 

 19 A cross tabulation of the results of the index tests (including 

indeterminate and missing results) by the results of the reference 

standard; for continuous results, the distribution of the test results by the 

results of the reference standard. 

4-5 

 20 Any adverse events from performing the index tests or the reference 

standard. 

 

Estimates 21 Estimates of diagnostic accuracy and measures of statistical uncertainty 

(e.g. 95% confidence intervals). 

4-5 

 22 How indeterminate results, missing data and outliers of the index tests 

were handled. 

6 

 23 Estimates of variability of diagnostic accuracy between subgroups of 

participants, readers or centers, if done. 

 

 24 Estimates of test reproducibility, if done.       

DISCUSSION 25 Discuss the clinical applicability of the study findings. 6-7 
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