
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=icdv20

Scandinavian Cardiovascular Journal

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/icdv20

Aiming toWards Evidence baSed inTerpretation of
Cardiac biOmarkers in patients pResenting with
chest pain using Point of Care Testing (WESTCOR-
POC): study design

Ingrid Viola Lavesson Thulin, Silje Marie Farestveit Jordalen, Ole Christian
Lekven, Jeyaseelan Krishnapillai, Ole Thomas Steiro, Paul Collinson, Fred
Apple, Louise Cullen, Tone M. Norekvål, Torbjørn Wisløff, Kjell Vikenes,
Torbjørn Omland, Rune O. Bjørneklett & Kristin Moberg Aakre

To cite this article: Ingrid Viola Lavesson Thulin, Silje Marie Farestveit Jordalen, Ole Christian
Lekven, Jeyaseelan Krishnapillai, Ole Thomas Steiro, Paul Collinson, Fred Apple, Louise
Cullen, Tone M. Norekvål, Torbjørn Wisløff, Kjell Vikenes, Torbjørn Omland, Rune O.
Bjørneklett & Kristin Moberg Aakre (2023) Aiming toWards Evidence baSed inTerpretation
of Cardiac biOmarkers in patients pResenting with chest pain using Point of Care Testing
(WESTCOR-POC): study design, Scandinavian Cardiovascular Journal, 57:1, 2272585, DOI:
10.1080/14017431.2023.2272585

To link to this article:  https://doi.org/10.1080/14017431.2023.2272585

© 2023 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group

View supplementary material 

Published online: 31 Oct 2023. Submit your article to this journal 

Article views: 638 View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=icdv20
https://www.tandfonline.com/loi/icdv20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/14017431.2023.2272585
https://doi.org/10.1080/14017431.2023.2272585
https://www.tandfonline.com/doi/suppl/10.1080/14017431.2023.2272585
https://www.tandfonline.com/doi/suppl/10.1080/14017431.2023.2272585
https://www.tandfonline.com/action/authorSubmission?journalCode=icdv20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=icdv20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/14017431.2023.2272585
https://www.tandfonline.com/doi/mlt/10.1080/14017431.2023.2272585
http://crossmark.crossref.org/dialog/?doi=10.1080/14017431.2023.2272585&domain=pdf&date_stamp=31 Oct 2023
http://crossmark.crossref.org/dialog/?doi=10.1080/14017431.2023.2272585&domain=pdf&date_stamp=31 Oct 2023


RESEARCH ARTICLE                                            

Aiming toWards Evidence baSed inTerpretation of Cardiac biOmarkers in 
patients pResenting with chest pain using Point of Care Testing (WESTCOR- 
POC): study design

Ingrid Viola Lavesson Thulina, Silje Marie Farestveit Jordalena, Ole Christian Lekvena,b, Jeyaseelan 
Krishnapillaia,b, Ole Thomas Steirob, Paul Collinsonc,d, Fred Applee,f, Louise Culleng,h,i, Tone M. Norekvålb,j, 
Torbjørn Wisløffk, Kjell Vikenesb,j, Torbjørn Omlandl,m, Rune O. Bjørnekletta,n and Kristin Moberg Aakreb,j,o 

aEmergency Care Clinic, Haukeland University Hospital, Bergen, Norway; bDepartment of Heart Disease, Haukeland University Hospital, 
Bergen, Norway; cDepartments of Clinical Blood Sciences and Cardiology, St George’s University Hospitals NHS Foundation Trust, London, 
UK; dSt George’s University of London, London, UK; eDepartment of Laboratory Medicine and Pathology, Hennepin Healthcare/HCMC, 
Minneapolis, MN, USA; fDepartment of Laboratory Medicine and Pathology, University of Minnesota, Minneapolis, MN, USA; gDepartment of 
Emergency Medicine, Royal Brisbane and Women’s Hospital, Brisbane, Australia; hSchool of Medicine, University of Queensland, Brisbane, 
Australia; iFaculty of Health, Queensland University of Technology, Brisbane, Australia; jDepartment of Clinical Science, University of Bergen, 
Bergen, Norway; kHealth Services Research Unit, Akershus University Hospital, Lørenskog, Norway; lDepartment of Cardiology, Akershus 
University Hospital, Lørenskog, Norway; mInstitute of Clinical Medicine, University of Oslo, Oslo, Norway; nDepartment of Clinical Medicine, 
University of Bergen, Bergen, Norway; oDepartment of Medical Biochemistry and Pharmacology, Haukeland University Hospital, Bergen, 
Norway 

ABSTRACT 
Objectives: Patients presenting with symptoms suggestive of acute coronary syndrome (ACS) contrib-
ute to a high workload and overcrowding in the Emergency Department (ED). Accelerated diagnostic 
protocols for non-ST-elevation myocardial infarction have proved challenging to implement. One obs-
tacle is the turnaround time for analyzing high-sensitivity cardiac troponin (hs-cTn). In the WESTCOR- 
POC study (Clinical Trials number NCT05354804) we aim to evaluate safety and efficiency of a 0/1 h 
hs-cTn algorithm utilizing a hs-cTnI point of care (POC) instrument in comparison to central laboratory 
hs-cTnT measurements.
Design: This is a prospective single-center randomized clinical trial aiming to include 1500 patients 
admitted to the ED with symptoms suggestive of ACS. Patients will receive standard investigations fol-
lowing the European Society of Cardiology 0/1h protocols for centralized hs-cTnT measurements or 
the intervention using a 0/1h POC hs-cTnI algorithm. Primary end-points are 1) Safety; death, myocar-
dial infarction or acute revascularization within 30 days 2) Efficiency; length of stay in the ED, 3) Cost- 
effectiveness; total episode cost, 4) Patient satisfaction, 5) Patient symptom burden and 6) Patients 
quality of life. Secondary outcomes are 12-months death, myocardial infarction or acute revasculariza-
tion, percentage discharged after 3 and 6 h, total length of hospital stay and all costs related to hos-
pital contact within 12 months.
Conclusion: Results from this study may facilitate implementation of POC hs-cTn testing assays and 
accelerated diagnostic protocols in EDs, and may serve as a valuable resource for guiding future inves-
tigations for the use of POC high sensitivity troponin assays in outpatient clinics and prehospital 
settings.
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Introduction

Acute ischemic coronary artery disease is a common cause 
of morbidity and mortality worldwide. Patients with chest 
pain are frequently referred to the Emergency Department 
(ED) [1,2]. Less than 25% of referred patients are finally 
diagnosed with acute coronary syndrome (ACS) [3,4] and 
large proportion of chest pain patients could be discharged 
from the ED without any treatment if the clinical suspicion 

of ACS could be refuted [5,6]. Overcrowding in the ED 
should be avoided as being associated with increased mor-
tality, costs and length of stay [7,8].

The European Society of Cardiology (ESC) recommends 
that accelerated diagnostic protocols using high-sensitivity car-
diac troponin (hs-cTn) should be used for rule-out and rule-in 
of non-ST-elevation myocardial infarction (NSTEMI) in the 
ED [9]. Despite this recommendation these algorithms have 
proved difficult to implement into routine clinical practice, 
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and are currently used by a limited number of hospitals 
[10,11]. There are a large number of international studies 
investigating different 0/1 h algorithms, but only a few 
randomized controlled trials (RCT) have been performed 
[12,13]. One possible obstacle that might reduce the utility of 
accelerated algorithms is the turnaround time (TAT) for hs- 
cTn troponin measurements. Until recently, hs-cTn assays 
have only been available on large centralized laboratory plat-
forms with a typical TAT of 60 min. Consequently, the patients 
may need to stay in the ED for up to 2–3 h until a final risk 
prediction regarding NSTEMI can be made [9]. Large numbers 
of patients waiting for test results may increase the overcrowd-
ing that accelerated diagnostic protocols were aiming to pre-
vent. The cost-effectiveness of accelerated protocols are less 
frequently reported.

In 2021, a hs-cTn point of care (POC) instrument from 
Siemens Healthineers providing bedside results with a turn-
around time of 8 min, and with sufficient analytical quality to 
be used in a 0/1 h algorithm received CE marking [14]. 
Utilizing this instrument in an accelerated diagnostic protocol 
represents a potential game changer in the management of 
patients with chest pain, which could significantly improve 
patient flow in the ED.

Aims of this study

We aim to compare the safety of the currently recommended 
0/1 h protocol using centralized hs-cTnT testing with a 0/1 h 
protocol utilizing POC hs-cTnI measurements. We will further 
evaluate the efficiency, cost-effectiveness and patient satisfac-
tion of the two approaches. We hypothesize that the POC 
algorithm will have similar safety and better efficiency com-
pared to currently recommend accelerated diagnostic protocols 
utilising central laboratory testing, see (Figure 1).

Methods

Study design, study setting and inclusion of patients

The WESTCOR-POC study is a single center prospective 
randomized clinical trial, aiming to include 1500 patients 
admitted to the ED with symptoms suggestive of ACS. Key 
features of the study are presented in Figure 2. The study will 
be conducted at Haukeland University Hospital in Bergen, 
Norway. This is a large academic hospital serving as a local 
hospital for approximately 470,000 persons, and functions as a 

referral hospital for approximately 1,000,000 inhabitants. In 
Norway, approximately 50% of chest pain patients have been 
investigated with electrocardiogram (ECG) and clinical gestalt 
in primary care before they present to the ED, while the rest 
are directed to the ED after contacting the emergency call cen-
ter being operated by specially trained nurses [18]. Patients 
who are suspected to have ACS based on this prescreening 
will be assessed by the study nurses upon arrival. Inclusion 
will be made if presenting symptoms are suggestive of ACS 
including; non-traumatic chest pain/discomfort not induced by 
other obvious non-cardiac disease, radiating pain (back/jaw/ 
neck/arms), epigastric pain suggestive of ACS (due to risk fac-
tors or additional symptoms indicating ACS rather than 
gastrointestinal conditions), chest discomfort combined with 
nausea, dyspnea or arrhythmia. Patients will receive either 
standard care following the ESC 0/1h protocol with centralized 
hs-cTnT measurements or the intervention using a novel 0/1h 
POC hs-cTnI algorithm. Eligible patients (see Figure 2) will be 
enrolled consecutively within the designated time period 
07:00–22:00 and randomized with simple randomization in 
concealed envelopes in a 1:1 fashion. Oral information and 
consent will be obtained before inclusion and full study infor-
mation and written consent will be obtained in the ED when 
the clinical situation is stable. There will be no blinding of the 
study groups after inclusion.

The study will be conducted in accordance with the 
Helsinki declaration and is approved by the Regional Ethics 
Committee for Medical and Health Research (REC) (approval 
ID number 285544) and registered at ClinicalTrials.gov 
(NCT05354804). Recruitment started in March 2022 with an 
aim to conclude data collection by the January 2024. By mid- 
August 2023 a total of 1150 patients have been enrolled.

Study outcome

The primary and secondary outcomes of the study are 
shown in Figure 2 and include safety, efficiency, patient sat-
isfaction and costs. Data will be collected from patient med-
ical records, a 30 days follow-up phone interview, the 
Norwegian Patient Register (including all hospital contacts) 
and the Norwegian Cause of Death Register.

Intervention

Standard care arm
Patients randomized to standard care will be sampled at 
admission and after 1 h. An additional 3-h sample will be 

Figure 1. Study synopsis. CVD: Cardiovascular disease, ACS: Acute coronary syndrome, ED: Emergency Department, NSTEMI: non-ST elevation Myocardial infarction, 
MACE: major cardiovascular adverse event
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obtained according to the ESC 0/1 h algorithm (9). hs-cTnT 
and standard laboratory tests will be measured in the central 
hospital laboratory using Cobas e801 from Roche Diagnostics. 
ECG and HEART-score will be obtained in all patients. Other 
clinical investigations will be ordered by the attending phys-
ician as deemed clinically appropriate. If NSTE-ACS is unlikely 
(based on the hs-cTnT 0/1 h algorithm and HEART-score <
4), patients will be investigated according to the ED flow chart 
for non-coronary acute chest pain, in order to identify differ-
ential diagnoses. Patients will be admitted or discharged based 
on the clinical judgement of the attending physician.

Intervention arm
Patients randomized to the intervention arm will be treated 
similar as the standard arm with the exception that the admis-
sion and 1 h sample will be measured with a hs-TnI POC test-
ing instrument from Siemens Healthineers in the ED and 
allocated to low risk or intermediate/high risk based on prespe-
cified concentrations (see below). In admitted patients, further 
troponin measurements will be obtained as clinically indicated 
(including a 3 h sample as specified in the ESC guideline [9]), 
and measured in the central laboratory using hs-cTnT. The 
admission- hs-cTnT measurements may be made available upon 
request after admission, if they are needed for comparison.

Troponin assays and cutoffs

The standard arm will use a hs-cTnT assay from Roche 
Diagnostics with a limit of detection (LOD) of 3 ng/L, 99th 

percentile 14 ng/L, and a 10% analytical within-series coeffi-
cient of variation (CVA) at 4.5 ng/L [19]. The intervention 
arm will analyze hs-cTnI by the Atellica VTli, a POC instru-
ment from Siemens Healhtineers with a LOD of 1.6 ng/L, 
99th percentile of 23 ng/L, and a 10% CVA at 8.9 ng/L [19].

An admission and 1 h sample will be obtained in all 
patients. This approach is a pragmatic local adaption, sug-
gested by the ESC, when turn-around time for cTnT typic-
ally are > 60 min [9]. Also, the current local cardiological 
practice are non-accustomed to a single sample rule-out 
approach (0/3 h algorithm is the standard care outside the 
trial).

The 0/1 h rule-out cut offs for hs-cTnT will be as recom-
mended by the ESC [9] whilst the Siemens Atellica VTli 
cutoffs will be based on data from the SEIGE and SAMIE 
study (suggesting a direct admission sample rule-out cut off 
of 4 ng/L [20]) and correlation with other hs-cTn assays 
(Siemens Atellica, Abbott Anility and hs-cTnT from the 
Roche Diagnostics), See Supplemental Table 1. Evidence 
supports slightly higher baseline rule-out concentrations 
when two samples (and a 1 h delta) are obtained, compared 
to single sample rule-out [21]. Unpublished reports from 
other centers indicated that a concentration of 4 ng/L would 
be able to rule-out a much lower percentage of patients 
than what was reported by Apple et al. [20], indicating a 
shift in the lower concentrations measured by the assay. 
This situation sometimes occurs due to lot variations in hs- 
cTn assays [22–24] but differences between cohorts meas-
ured may also lead to differences in cutoffs suggested. The 
current study therefore settled on a slightly higher baseline 

Figure 2. Overview of the study design. ESC: European Society of Cardiology, POC: Point of care, NPR: Norwegian Patient Register, CDR: Norwegian Cause of Death 
Register, S: Seattle Angina Score 7, RAND 12: 12-Item Short Form Health Survey, 2014 PasOpp: Patient experience in Norwegian hospitals (2014).Questionnaires 
have been validated [15–17].
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rule-out concentration of hs-cTnI <6 ng/L together with a 
1 h D <3 ng/L.

Safety measures

hs-cTnT will be measured in the central laboratory for all 
patients. In the intervention group, hs-cTnT results will be 
concealed from the clinician and assessed by study nurses 
for discharged patients. Clinicians will be alerted only if 
baseline cTnT is �12 ng/L or if1-h delta is �3ng/L.

After enrolling 100 patients, a safety committee including 
cardiologists and emergency physicians reviewed all cases 
where clinicians had been notified of cTnT values not meet-
ing low-risk criteria. No adverse events were detected, how-
ever the prevalence of NSTEMIs was low and it was decided 
to continue this safety measure throughout the study.

Adjudication

The index diagnosis will be adjudicated by two independent 
cardiologists (disagreements will be solved by a third adjudi-
cator) based on all available clinical data including labora-
tory data, ECG, echocardiography and other imaging 
findings that are available up to 30 days after inclusion. Hs- 
cTnT will be used for adjudication in all patients (standard 
and intervention arm) and the unstable angina and 
NSTEMI diagnoses will be based on the Fourth Universal 
Definition of Myocardial Infarction [25].

Statistical methods

We will present demographics and baseline characteristics 
as descriptive statistics. The analysis of the safety outcome 
for myocardial infarction (MI), death or acute revasculariza-
tion within 30 days and 12 months will be analyzed using 
ordinary analysis of clinical sensitivity, specificity, positive 
and negative predictive values, area und the receiver operat-
ing curve and compared using McNamar or Delongs test as 
applicable. The 12 months endpoint will be compared using 
C-statistics, multivariable logistic or Cox proportional haz-
ard regression analysis. Net Reclassification Index and 
Integrated Discrimination Index will be calculated when 
applicable.

Statistical analyses of the efficiency related outcome; time 
spent in the ED, (minutes in the ED) and proportions dis-
charged will be calculated using Student t-test, Mann 
Whitney U test and Chi-square test as applicable. Kaplan- 
Meier curves and log-rank test for equality of survivor func-
tions will be calculated to compare time from admission to 
hospital discharge in the two intervention groups.

The economic evaluation will be performed as a cost-util-
ity analysis, comparing quality-adjusted life-years and costs 
among the intervention group with the control group. 
Quality adjusted life-years will be estimated based on com-
bining survival with quality of life. Costs during initial stay 
will be calculated based on costs per patient as measured by 
each hospital administration system, while costs of further 
contacts will be based on national averages per diagnosis 

related group (DRG) as reported by the Norwegian director-
ate of health.

Sample size

Based on earlier experience [23,26] approximately 15% of 
included patients will be diagnosed with a primary endpoint 
(MI, death or acute revascularization within 30 days). 
Inclusion of 750 patients in each arm would give a CI width 
of approximately 5% around a proportion of 99%, meaning 
that we have sufficient power to detect a drop in sensitivity 
from 99% to < 94%.

Few RCTs compare accelerated diagnostic protocols. One 
earlier publication showed that implementing an accelerated 
diagnostic pathway would reduce length of stay in hospital 
for low risk patients from 10.1 (SD 4.1) hours to 6.8 (SD 
3.9) hours [13]. Another study found a reduction in length 
of stay in the ED from 5.6 (IQR 4.0–7.0) hours to 4.6 (IQR 
3.4–6.4) hours [12]. We estimate the standard arm to have a 
length of stay in the ED of 180 (SD 90) minutes whilst the 
POC arm stayed for 150 (SD 90) minutes. The resulting 
power analysis shows that 142 patients should be included 
in each arm (independent t test, power 0.80 and alpha 0.05). 
If we aim for a power of 0.90 (alpha of 0.05) 190 patients 
should be included in each arm. If the difference between 
the two groups is 15 min, corresponding numbers are 566 
and 758, respectively.

Discussion

Traditionally the utility of biomarkers has been investigated 
using cross sectional or prospective observational studies. 
These kinds of studies provide less robust data and the 
effect of biomarkers in clinical practice may be hard to 
determine. Accordingly, there is a growing consensus that 
novel biomarkers, including troponin assays, should be 
investigated using robust methodology, and ideally by RCTs 
[27,28]. cTn POC testing assays achieving high sensitivity 
criteria have been commercially available for a few years 
[29,30]. Apart from the Atellica VTLi used in this study, 
there are currently two other high sensitivity POC testing 
instruments available, see webpage from the International 
Federation of Clinical Chemistry Committee of Clinical 
Application of Cardiac Bio-Markers (IFCC C-CB) [19]. As 
POC testing has the ability to provide rapid results directly 
to the clinician, increased efficiency in the ED management 
of patients with symptoms suggestive of ACS is expected. 
The overall safety for patients with chest pain could be 
improved as patients with NSTEMI may be allocated to car-
diac treatment earlier and early rule-out of ACS may allow 
for more rapid evaluation of critical differential diagnosis in 
those with non-cardiac diseases.

Portability and the potential for non- laboratory staff to 
use POC devices may enable use of hs-cTn in new arenas 
such as prehospital services, nursing homes or other institu-
tions without a central laboratory or 24h laboratory staff 
services.
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Challenges in enhancing ACS management in the ED

The most commonly used accelerated diagnostic protocols 
are those recommended by the ESC [9] or suggested by the 
high- STEACS investigators [27]. Efficiency in the ED is 
complex, and current time-limiting factors are likely to vary 
between locations. Both the turnaround time for hs-cTn 
embedded in the accelerated diagnostic protocols or long 
waiting hours prior to physician review might be time limit-
ing steps. Another possibility is that rapid allocation to a 
low risk category for ACS (e.g. after measuring a very low 
hs-cTn) might introduce longer waiting hours for low risk 
patients due to re-prioritisation, reducing efficiency for the 
large group of low-risk patients.

Optimal efficiency of accelerated diagnostic protocols is 
also dependent on how ruled-out patients are managed. 
According to the ECS guidelines non-invasive or invasive 
imaging may be indicated, also in low risk patients, to iden-
tify conditions such as unstable angina [9]. The High-US 
study showed that 42.7% of 1020 patients were admitted 
despite meeting 0/1h rule-out criteria for ACS. The fre-
quency of admitted patients varied significantly between 
locations. Admitted patients were generally older and had 
more risk factors, and many received further investigations 
for ACS or differential diagnoses. The rates of MI/death 
within 12 months were similarly low between the groups 
[28], raising the question if inpatient management was the 
optimal strategy.

Challenges with POC testing

Earlier studies integrating POC tests in ACS diagnostics in 
the ED have provided inconsistent benefits in efficiency and 
cost-effectiveness [31–35]. Several multicenter studies have 
revealed variation in the impact of POC testing strategies 
between different locations [35,36], suggesting that local 
logistics may influence the benefits of POC tests. Attention 
to local settings to support POC testing, such as clear guid-
ance for use, interpretation and management, needs to be in 
place before implementation. The actual benefits in routine 
clinical practice should be evaluated, preferably by RCTs.

Limitations

The first limitations of our study is that it is a single- center 
study. As for the setting and logistics at our site, the univer-
sity hospital currently uses the ESC 0/3h algorithm with a 
hs-cTnT assay from Roche Diagnostics. The study therefore 
introduces a new algorithm and a new troponin assay as 
well as the use of POC testing in our ED. The unfamiliarity 
may influence the clinician behavior, especially in the early 
phases of this study, which could underestimate the poten-
tial gains in effectiveness.

Secondly, at the start of this trial there are no validated 
0/1h algorithms cutoffs for the Atellica VTLi assay. The cut-
offs chosen are focused on safety and might not be optimal 
for efficiency. Earlier studies have shown that shifts in assay 
stability may affect the efficiency of published algorithms in 

a substantial way [22–24], and long-term data on assay sta-
bility of the Atellica VTLi has not been reported.

As the effects of incorporating POC testing are depend-
ent on setting, the benefits might vary throughout the day. 
To manage enrollment even during busy hours we use study 
personnel for enrolment from 07:00–22:00 seven days a 
week. However, like many other comparable studies, we do 
not have enrolment during the night shift, which might 
affect the generalizability. POC tests are intended to be used 
(after proper training) by non- laboratory staff. The study 
personnel used for enrolment and POC testing analyzes in 
our study have similar background as regular ED staff but 
are a smaller group than what would be expected in real life 
use, which could positively bias our understanding of user 
friendliness.

Finally, the use of hs-cTnT as standard assay could also 
influence our results. The adjudication is based on hs-cTnT, 
which might underestimate the diagnostic performance of 
the hs-cTnI POC algorithm. Furthermore, the hs-cTnT 
assay is known to diagnose chronic myocardial injury more 
often compared to hs-cTnI [37,38]. This could influence 
safety and costs since elevated concentrations might lead to 
more investigations and potentially also treatment if subclin-
ical disease is detected more often in the standard arm. This 
reflects true biological differences between the cTn mole-
cules, still it should be acknowledged that our study might 
produce different results compared to a study comparing 
central laboratory hs-cTnI to POC hs-cTnI.

Possible implications of this study

To our knowledge, there is no published data from any 
RCTs evaluating efficiency, costs or patient satisfaction after 
implementing hs-cTn POC testing in combination with 
accelerated risk stratification algorithms. This study will 
inform feasibility of hs-cTnI POC test implementation in 
EDs of Scandinavian hospitals. Our experience from the 
study setting will be of high value and make it possible to 
implement the necessary logistics, both locally and within 
similar health care systems internationally. If the results 
from this study show positive safety results additional stud-
ies should be carried out to evaluate performance in a pre-
hospital setting.
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