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ABSTRACT
Introduction  Current guidelines for patients presenting 
to the emergency department (ED) with chest pain without 
ST-segment elevation myocardial infarction (STEMI) on 
ECG are based on serial troponin measurements. A clinical 
tool able to identify very low-risk patients who could forgo 
a troponin test and low-risk patients requiring only one 
troponin measurement would be of great interest. To do 
so, the HEAR and HEART score, standing for history, ECG, 
age, risk factors±troponin were prospectively assessed, 
but not combined and implemented in clinical practice. The 
objective of the eCARE study is to assess the impact of 
implementing a diagnostic strategy based on a HEAR score 
<2 or a HEART score <4 (HEAR-T strategy) to rule out 
non-STEMI without or with a single troponin measurement 
in patients presenting to the ED with chest pain without 
obvious diagnosis after physical examination and an ECG.
Methods and analysis  Stepped-wedge cluster-
randomised control trial in 10 EDs. Patients with non-
traumatic chest pain and no formal diagnosis were 
included and followed for 30 days. In the interventional 
phase, the doctor will be asked not to perform a troponin 
test to look for an acute coronary if the HEAR score is 
<2 and not to perform an additional troponin test if the 
HEAR score is ≥2 and HEART score is <4. The main 
endpoint is the non-inferiority of the rates of major adverse 
cardiac events occurring between a patient’s discharge 
and the 30-day follow-up against current recommended 
guidelines.
Ethics and dissemination  The study was approved by 
an institutional review board for all participating centres. 
If successful, the eCARE study will cover a gap in the 
evidence, proving that it is safe and efficient to rule out 
the hypothesis of an acute myocardial infarction in some 
selected very low-risk patients or based on a single 
troponin measurement in some low-risk patients.
Trial registration number  NCT04157790.

INTRODUCTION
Chest pain is one of the leading causes of 
visits to the emergency department (ED) 

and its diagnosis workup is challenging and 
time consuming.1 Chest pain may reveal 
a serious disease, led by acute myocardial 
infarction (AMI). Ruling out AMI in patients 
with chest pain is one of the main concerns 
for emergency physicians. The cornerstones 
of acute coronary syndrome (ACS) diagnosis 
are ECG and serial high-sensitivity cardiac 
troponin measurements.2–4 The diagnostic 
pathways combining these examinations are 
very safe to rule out an AMI, and accelerated 
diagnostic strategies allow prompt discharge 
from the ED. Until this is proven, all patients 
presenting with chest pain in the ED are 
suspected to have an AMI.

To do so, current guidelines recommend 
performing one or serial troponin measure-
ment(s). However, in current practice, the 
clinician will, in some patients with chest 
pain, rule out the hypothesis of an AMI 
based on their implicit judgement, without 
any cardiac biomarker measurements. This 
represents about 20% of patients with chest 
pain consulting EDs in France.5 This practice 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ The eCARE study is the first study implementing a 
strategy not using a troponin test in patients with 
chest pain.

	⇒ The robust stepped-wedge design will ensure appli-
cability of the strategy across numerous centres and 
provide reliable answers to the objective.

	⇒ The study highlights safety, with a double safety 
objective.

	⇒ By being a diagnostic study, the open-label design 
was unavoidable, and deviation from the proposed 
strategy remains possible.
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was shown to lead to an unacceptable rate of 5% of 
missed AMIs.6 7 A tool able to identify which patient with 
chest pain should be investigated for possible AMI or, on 
the contrary, for whom an AMI could be safely ruled out 
without further investigations, would be of great help for 
emergency physicians.

For this purpose, we previously described the HEAR 
score (History, ECG, Age, Risk factors), a partial history, 
ECG, age, risk factors, troponin (HEART) score.8 9 In 
observational studies, the HEAR score exhibited good 
performances with a very low rate of failure8–10 (figure 1). 
A patient with a HEAR score below 2 is considered 
low risk, allowing to rule out an AMI without troponin 
measurements. Moreover, the HEAR score could be easily 
combined with the HEART score in a two-step approach: 
when the HEAR score is ≥2 but the HEART score <4, an 
AMI can be ruled out with only a single troponin measure-
ment (HEAR-T strategy).11 Observational studies show 
that more than half of patients presenting to the EDs with 
chest pain are classified as low risk by the HEAR-T strategy 

and that these patients have a very low risk of experiencing 
a major adverse cardiac event (MACE) during the 30-day 
follow-up (<1%).8 MACE is used because it includes, in 
addition to AMI, other cardiovascular emergencies that 
result from atherosclerotic disease and usually present as 
chest pain.

Aim and hypothesis
We hypothesise that using the HEAR-T strategy, using 
a HEAR score in a first step, and a HEART score in a 
second step, is a safe and effective way of ruling out the 
hypothesis of an AMI patients with chest pain in the ED.

Our main objective is to prospectively assess the safety 
of implementing the HEAR-T strategy in ED patients 
presenting with non-traumatic chest pain to rule out an 
MACE without a troponin assessment (HEAR score) or 
a single troponin measurement (HEART score). Our 
secondary objective is to assess the efficiency of the 
HEAR-T strategy, in terms of the number of troponin 
measurements, time spent in the ED and costs.

METHODS AND ANALYSIS
Study design
The eCARE study is an open-label stepped-wedge prag-
matic cluster-randomised control trial conducted in 10 
EDs in France and Belgium (6 academic and 4 commu-
nity hospitals). The study’s protocol follows the Standard 
Protocol Items: Recommendation for Interventional 
Trials guidance for cluster randomised trials (online 
supplemental appendix 1). The study started, and the 
first patient was included on 10 January, 2022. The antici-
pated inclusion completion date is 9 July 2023, for a study 
completion date on 9 August 2023.

Trial objectives and outcomes
Primary objective and outcome
The main objective is to demonstrate the non-inferiority 
in terms of safety of the HEAR-T strategy in order to rule 
out an AMI in ED patients presenting with non-traumatic 
chest pain, as compared with the current recommended 
strategy. The HEAR-T strategy consists of (1) an assess-
ment of the HEAR score before prescribing a troponin 
test and, if the HEAR score is≥2, (2) an assessment of the 
HEART score. An AMI will be ruled out if (1) the HEAR 
score is <2 (indicating there is no need for a troponin 
test to further investigate this hypothesis) or (2) if the 
HEAR score is ≥2 and, on the basis of a troponin test, 
the HEART score is <4 (indicating there is no need for a 
second troponin test or other investigation). Other situa-
tions are solved using current guidelines (figure 1). The 
primary outcome is the rate of MACE, combining AMI, 
percutaneous coronary intervention (PCI), coronary 
artery bypass graft, survived cardiac arrest, cardiac death 
or death when a cardiac cause could not be formally 
dismissed, occurring between hospital discharge and 
the 30th day following the inclusion. We concentrate on 
short-term outcomes because the studied strategy aims 

Figure 1  Description of interventional procedure. *Risk 
factors include: hypercholesterolaemia, hypertension, 
diabetes mellitus, cigarette smoking, positive family history 
and obesity. History of atherosclerotic disease includes: 
coronary vascular disease, stroke, peripheral artery disease 
and symptomatic carotid artery stenosis. AMI, acute 
myocardial infarction; HEAR; history, ECG, age, risk factors; 
HEART, history, ECG, age, risk factors, troponin; MACE, 
major adverse cardiac event.
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to identify patients suitable for early ED discharge. Some 
patients may need further assessments, but the strategy 
aims to show it could be safely performed as an outpa-
tient, in ambulatory clinics. The need for further assess-
ment remains controversial and is left to the discretion of 
a consultant or local standard procedures.12

For the same reason, events occurring during the 
hospital stay of inclusion are considered as appropriately 
detected by the strategy (right positive in intention-to-
diagnose analysis). Therefore, for patients who experience 
MACEs during the hospital stay of inclusion, any further 
MACEs occurring during the 30-day follow-up are consid-
ered as recurrence rather than a false negative result of 
the diagnostic strategy and are not taken into account 
in the main analysis. This definition allows to focus on 
unexpected events (false negative). The fourth interna-
tional definition of myocardial infarction is used.13 The 
two types of AMI, type 1 and type 2, are considered due 
to challenges in distinguishing them.14 15 PCI is defined 
as per online supplemental appendix 10-A-5 from Hicks 
et al.16 Death due to AMI is as defined being a type 3 AMI 
in the fourth definition of myocardial infarction. Cardio-
vascular death and undetermined cause of death are 
defined as per online supplemental appendices 3 and 5 
from Hicks et al.13 16 The primary outcome is adjudicated 
by two independent experts, and a third is requested in 
case of disagreement.

Secondary objectives
Secondary objectives are hierarchical (see multiple testing 
section). The first secondary objective is to demonstrate 
that patients in whom an ACS was ruled out using the 
HEAR-T strategy are at low risk of MACE to follow-up. 
This analysis considers any MACE, including those diag-
nosed during the encounter of the inclusion. The second 
secondary objective is to demonstrate that the HEAR-T 
strategy reduces the absolute number of troponin 
measurements compared with the current recommended 
strategies. The third secondary objective is to demon-
strate that the HEAR-T strategy reduces the length of 
stay in the ED compared with the current recommended 
strategies. The fourth and last secondary objective is to 
demonstrate that the HEAR-T strategy improves resource 
consumption compared with the current recommended 
strategies. Global discriminative performances of the 
HEAR and HEART score will also be compared with 
reference scores: Thrombosis in myocardial infarction 
(TIMI) risk score and global registry of acute coronary 
events (GRACE) score.17 18

Experimental plan for stepped-wedge design
In this stepped-wedge cluster-randomised trial, the 10 
participating centres begin the trial in the control phase. 
Every 1/11th of the total number of patients needed to 
include in the study, a centre is switched to the interven-
tional phase, so that all centres are in the interventional 
phase at the end of the trial (figure 2). The order of the 
switch is randomised by the department of research and 

innovation of the University Hospital of Angers using 
a stratified randomisation list on the size of the centre 
(community or academic). For this purpose, the inclu-
sion rate is monitored, and the dates of the switch are 
predicted using a linear model regression model. In case 
of substantial imbalance between the two groups, the date 
of the next centre switch is postponed without modifying 
the order of the switch of the centres.

Study settings and population
Patients are included in the study if presenting to a partic-
ipating ED for non-traumatic chest pain, are over the age 
of 17 years, have expressed their oral (France) or written 
(Belgium) consent to participate and have up-to-date 
health insurance coverage. Criteria for non-inclusion 
are as follows: (1) 30-day follow-up is not possible; (2) 
ST-segment elevation myocardial infarction on the ECG 
at admission; (3) chest pain formally related to another 
diagnosis other than an ACS before inclusion (ie, pneu-
mothorax, pneumonia, etc); (4) patients having had a 
troponin test in the last 24 hours; (5) patients referred 
from other healthcare structure, other than primary 
care; (6) patients already included in this study and still 
in their follow-up period; (7) pregnant, breast feeding 
or parturient patients; (8) patients deprived of liberty by 
judicial or administrative procedures; (9) patients under-
going forced psychiatric care; (10) patients under legal 
protection measures and (11) patients unable to give 
free and informed consent. Patients are excluded from 
the main analysis if (1) follow-up is impossible or (2) if 
a component of the HEAR or HEART score is missing, 
and its potential values may change the risk category of 
the patient.

Figure 2  Stepped-wedge design.
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Description of the intervention
During both study periods, patients presenting to the ED 
for chest pain are assessed for eligibility. Patients meeting 
all the inclusion criteria and none of the exclusion 
criteria receive verbal and written information about the 
study. They are included if they provide consent. The data 
needed to compute the HEAR, HEART and TIMI risk 
score for unstable angina are prospectively collected by 
the consultant, either in a secured electronic case report 
form (e-CRF) or in a printed version of the CRF.

Control phase
During the control phase, no information and a fortiori 
recommendation about the HEAR-T strategy is provided. 
The doctors of participating centres are advised to 
follow current guidelines for managing suspected ACS, 
including ECG and troponin tests, repeated if needed. 
The use of 0/3h, 0/2h or 0/1h algorithms is left to the 
discretion of the consultant.2 3 All centres are enabled 
with high-sensitivity troponin assays, allowing to measure 
a troponin level in at least 50% of healthy populations 
and validated for accelerated diagnostic protocols: Roche 
Cobas cTnT-hs (n=8), Siemens ADVIA Centaur TNIH 
(n=1) and Abbott Alinity HS-cTnI (n=1). The doctor in 
charge is still free to apply the diagnostic strategy they 
consider the most appropriate for the patient. Similarly, 
the interpretation of the troponin measurement(s) is left 
to the discretion of the consultant.

Interventional phase
In the interventional phase, the HEAR score is calculated 
and displayed to the doctor via the e-CRF of its printed 
version (figure 1). If the HEAR scores are 0 or 1, an AMI 
is ruled out and the consultant is advised not to perform 
a troponin test and to look for an alternative diagnosis. 
Nevertheless, the doctor remains free to perform a 
troponin test for the diagnosis or prognosis assessment of 
another disease other than an AMI (such as myocarditis 
or pulmonary embolism). The doctor can also overrule 
the advised strategy and carry out investigations to rule 
out an AMI but must report the reason of this strategy 
deviation. If the HEAR score is 2 or more, the doctor 
is advised to draw a single troponin test to compute a 
HEART score. Likewise, patients with a HEART score 
below 4 are considered a low risk for an AMI and leads 
to the doctor being advised to do not perform further 
tests to rule out an AMI. For patients with a HEART score 
equal to or above 4, the doctor is advised to follow current 
guidelines, as described in the control phase.

Follow-up
The medical records are checked for possible ED 
consultation, investigation or hospitalisation during the 
follow-up period. The number of troponin measure-
ments performed during the first 24 hours of admission is 
collected, as well as all other investigations performed to 
diagnose any cardiovascular disease. The patients, their 
relatives or their general practitioner are interviewed at 

the end of the 30-day follow-up period to identify possible 
cardiovascular events. For each possible event during the 
follow-up, an adjudication file is constituted, including 
reports of all relevant examinations. All possible events 
are adjudicated by the independent committee and 
assessed blind with regard to the times and randomisa-
tion arm (control or interventional period).

Pragmatism
The purpose of this study is to evaluate an innovative 
diagnostic strategy that influences decision making to 
the extent that it will be implemented in routine clinical 
practice and directly informs clinical decision-making. It 
is therefore considered as a pragmatic randomised trial 
and follows the extension of the Consolidated Standards 
of Reporting Trials statement for pragmatic trials.19–22 
The study is rated a score of 36 out of 45 according to the 
PRECIS-2 guideline, with a score of 0 being a study that 
is totally explicative, and 45 being a study that is perfectly 
pragmatic (online supplemental appendix 2). The wide 
and consistent inclusion criteria, the recruitment proce-
dures, the wide panel of centres represented, the applica-
bility of the procedures and methods used for follow-up 
matches expectation for a pragmatic study, in terms of 
eligibility, recruitment, setting organisation, adherence 
and follow-up. The primary outcome remains rather 
explicative, but the doctor will remain free to overrule 
the intervention strategy, as it would have happened in 
clinical practice. The method to deliver the intervention 
is still brought by a dedicated material, influencing the 
flexibility to deliver the intervention.

Patient and public involvement
The study was designed and is conducted without direct 
public’s or patient’s involvement. The study was reviewed 
and approved by the ethics committee Ile de France II, 
whose members include patient representatives.

Statistical analysis
Descriptive analysis
Population characteristics are assessed using the mean 
and SD for continuous variables with expected Gaussian 
distribution, or with median and with the IQR. Qualita-
tive variables are reported in proportions and Clopper-
Pearson 95% CI for categorical variables. Student’s t-test, 
the Mann-Whitney U test or Fisher’s exact test are used 
for the comparison of groups, as appropriate. Diagnostic 
performances are reported using predictive values, sensi-
tivity, specificity and likelihood ratios with their 95% 
CI. Statistical analysis is performed using R software, 
V.4.0.0 (R Core Team, 2018, a language and environment 
for statistical computing, R Foundation for Statistical 
Computing, Vienna, Austria). Type-I error rate is set to 
5% for all tests. No interim analysis is planned.

Per-protocol and intention-to-diagnose analyses
The analyses are carried out as both per-protocol and 
intention-to-diagnose. In the per-protocol analysis, the 
population is classified as if the strategy suggested by 

https://dx.doi.org/10.1136/bmjopen-2022-066953
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the corresponding study phase was strictly applied. This 
means that all patients having had an appropriately 
followed 0/3h, 0/2h or 0/1h pathway, as recommended, 
are considered for the analysis in the control phase.2 3 
For the interventional phase, patients with a HEAR score 
of <2 or patients with a HEAR score of ≥2 and a HEART 
of <4 are attributed to the low-risk group, and others to 
the intermediate-high risk group. In the intention-to-
diagnose analysis, the population includes all patients in 
the interventional phase against those included in the 
control phase, irrespectively of protocol deviations, if any.

Main objective
In order to demonstrate the non-inferiority of the study 
procedure, compared with the control phase, the main 
analysis is performed as per-protocol analysis, that is, in 
patients not having had a troponin test to look for an 
AMI if a HEAR score is <2 and no more than 1 troponin 
test in patients with a HEART score of <4. Being a safety 
outcome, this kind of analysis is preferred to challenge 
the interventional procedure and ensure maximal safety. 
The difference in MACE rate between discharge and the 
30-day follow-up is estimated using a mixed effect logistic 
regression model with random effect on the cluster 
and the phase. Polling centres will be considered if the 
number of inclusions is not sufficient to allow robust 
estimation of model parameters. No other adjustment 
variables is added in the model. The covariance matrix 
is set unstructured. If the model does not fit under this 
assumption, a compound symmetry structured matrix will 
be used. The expected failure rate of current diagnostic 
strategies is low. The non-inferiority margin is set to 1.5%, 
which appears to be a margin consistent with studies with 
a similar study design.23–26

Secondary objectives
Hierarchical analysis of secondary outcome is conducted 
to control the risk of multiple testing (see multiple testing 
section). The first secondary objective is to validate the 
safety of ruling out an MACE using the HEAR-T strategy. 
All patients in the interventional phase experiencing an 
MACE, including those diagnosed during the in-hospital 
stay following the first ED presentation and inclusion, 
in whom the HEAR-T strategy suggested to rule out an 
ACS will be considered false negative of the strategy (per-
protocol population). The upper limit of the 95% CI of 
the false negative rate must be lower than 2.5%, using 
Clopper-Pearson intervals, with are shown to have 
good performances for small proportions.27 The next 
secondary outcomes are efficacy outcomes. An analysis of 
these objectives is performed in the intention-to-diagnose 
population and assesses the superiority of the interven-
tion. The second secondary outcome compares the abso-
lute reduction in the number of troponin measurements 
performed in the first 24 hours of inclusion between the 
two phases, using a Poisson generalised linear mixed 
model, with the same strategy for random effect as the 
principal analysis. The third secondary outcome compares 

the absolute reduction in ED length of stay, using a Cox 
proportional hazard model. The proportional hazard 
assumption is checked graphically and tested on the 
Schoenfeld residuals. If the proportional hazard is not 
verified, a landmark approach will be considered. The 
fourth secondary objective consists of a cost-effectiveness 
analysis, using MACE, occurring between discharge and 
30 days as a health efficacy outcome. The costs consid-
ered are all the resources required to carry out the diag-
nostic strategies, as well as all the consequences directly 
related to these strategies. Due to differences in costs 
across countries, it is only performed on the population 
included in France. The result of the analysis is presented 
as a differential ratio of cost-effectiveness (differences in 
cost divided by the differences in effectiveness).28 Perfor-
mances of the different risk scores will be compared using 
area under the receiver operating curve and tested with 
the Delong-Delong test.29

Sensitivity analyses
In a first sensitivity analysis, the definition of MACE is 
extended with ACS. It increases the sensitivity for adverse 
outcomes, even if it lacks reproducibility and remains of 
limited impact if patients do not experience a MACE. An 
intention-to-diagnose analysis is performed for primary 
and first secondary objectives. A ‘worst-case scenario’ 
analysis is also conducted for both of these objectives, 
considering all patients lost to follow-up as if they had 
experienced an MACE. Per-protocol analysis is performed 
for other secondary analyses.

Missing data
No imputation of missing data is planned. Monitoring 
and CRF are designed to minimise missing data. A patient 
is not excluded from analysis if a component of the HEAR 
or HEART score is missing, and its potential values do 
not change his or her risk category (ie, a patient with a 
HEAR score of 4 is already not in a low-risk category even 
if no troponin result is available to compute the HEART 
score). However, missing data are analysed to determine 
whether it is informative and whether it is likely to lead 
to potential selection or information bias. The potential 
impact of these biases will be discussed in the final paper.

Multiple testing
A hierarchical analysis of secondary outcome is conducted, 
so that no correction for multiple testing is required. This 
means than secondary outcomes are interpreted only if 
the main criterion and the preceding secondary objec-
tives (if any) reached statistical significance.

Sample size calculation
The sample size is estimated to provide an accurate esti-
mation of our primary outcome. We assume a maximal 
event rate of MACE at 1.5% of modern diagnostic strate-
gies. In an individually randomised study, 812 patients per 
randomisation arm would be required, considering equiv-
alent missed rates of MACE and a non-inferiority margin 
of 1.5% and a power of 80%. An increase by a factor of 
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1.11 is required due to the clustered design, considering 
the 10 centres and a 0.0014 intracentre correlation coef-
ficient, based on previous studies.30 Considering a 10% 
incidence rate of MACE diagnoses during first ED admis-
sion and a 5% rate of lost to follow-up, a total of 2080 
patients (1040 per arm) is required for the study across 
the 10 centres.31

ETHICS AND DISSEMINATION
Informed consent is obtained for all patients and an 
information letter is provided to all participants. As 
per regulations, signed consent is obtained for patients 
included in Belgium, and verbal consent for patients 
included in France. Participation to the study protocol 
is recorded in a medical chart. An institutional review 
board has approved the study (Comité de Protection 
des Personnes Ile de France II, no 2019-A02265-52) for 
all participating centres and authorisation was granted 
by the ethics committee of the participating hospital in 
Belgium (Comité d’éthique hôpital-facultaire Saint Luc, 
no 2020/16JUL/372). The results of the study will be 
published in peer-reviewed journals and will be presented 
in conferences.

DISCUSSION
To the best of our knowledge, this study is the first to 
implement a diagnostic strategy allowing to forgo blood 
tests in patients with chest pain. This study will fill the 
gap between recommendations and clinical practice. 
Guidelines recommends to timely perform a troponin 
test in all patients. Whereas in clinical practices, we 
noticed that one-fifth of patients do not have a single 
troponin measured. The question of very low-risk chest 
pain in patients is rarely studied. Indeed, most diagnostic 
studies use suspected ACS as main inclusion criteria, so 
that low-risk patients are omitted from those studies. 
It was however shown that low-risk patients, even when 
considered being ‘definitely not an ACS’ based on clin-
ical judgement and ECG, have a substantial risk of experi-
encing adverse outcomes.

This study will provide answers to a daily problem 
encountered by emergency physicians. In case of conclu-
sive results, it will enable emergency physicians to 
perform timely triage of patients with chest pain, where 
some are suspected to have an AMI and follow dedicated 
pathways to diagnose this life-threatening situation, and 
others where the hypothesis of an AMI is very unlikely 
and should be preferably investigated for an alternative 
diagnosis. The HEAR score is a very useful tool for emer-
gency physician. It is easy to learn and does not require a 
calculator to be computed.

The study provides a robust design, enabling to directly 
change current clinical practices. The clustered study 
design is chosen in order to diminish the risk of contam-
ination of the procedures as compared with individual 
randomisation or a cross-over design. The use of the 

HEAR-T strategy will popularise the validated HEART 
score, which is not used across participating centres 
and is likely to change current practices. The use of a 
comparison group is important to measure the impact 
of the strategy in clinical practice. The potential impact 
of the strategy was already assessed, but it was only esti-
mated from retrospective or observational studies. The 
acceptability from doctors working in the ED and patients 
remains to be demonstrated. The stepped-wedge design, 
as opposed to a classic cluster-randomised trial, allows 
to (1) assess the effect and acceptability of the interven-
tion across all centres; (2) reduce the period and centre 
effect; and (3) works well for crowded EDs. The stepped-
wedge design is a robust and widely accepted design for 
implementation of diagnostic strategies.32 33 It does not 
allow blinding, but as a matter of fact, blinding is not even 
possible for this kind of diagnostic study. Using MACE 
as a primary endpoint is a tried and tested outcome to 
benchmark ACS. The per-protocol analysis of the safety 
outcomes challenges the strategy beyond what would have 
happened in clinical practice. The stepped-wedge design 
provides confidence in the acceptability of the strategy 
from emergency physicians, and the randomised design 
enables direct comparison to current clinical practices.
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