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Learning Objectives

Review the incidence and etiologies of chest 
pain

Understand the clinical decision pathways for 
chest pain

Discuss the role of stress testing versus CT 
imaging
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What is new:
• HEART Score
• High sensitivity troponin
• Coronary CT Angiography
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clinicians remain uncertain about safety when using the
HEART score in daily practice because its effect has not
yet been evaluated.

Our aim was to determine whether use of the
HEART score results in reduced burden of care, hospi-
talizations, and health care costs but no increase in the
occurrence of adverse cardiac events.

METHODS
Study Design

The design of our prospective, stepped-wedge,
cluster randomized trial has been previously described
(22). This design combines elements of a standard par-
allel cluster randomized design (the intervention is ap-
plied in clusters) and a before–after design (each clus-
ter switches to the intervention) (23). All hospitals
(clusters) started with an initial period of usual care. At
intervals of 6 weeks (“steps”), each hospital switched in
a randomized order to use of the HEART score until all
hospitals had crossed over (Appendix Figure 2, avail-
able at Annals.org).

Study Population
Nine hospitals in the Netherlands participated,

none of which used the HEART score before the start of
the trial. All patients aged 18 years or older presenting
with chest pain at the emergency department or chest
pain unit between 1 July 2013 and 31 August 2014
were eligible. Exclusion criteria were evident ST-
segment elevation myocardial infarction, language bar-
rier, recurrent presentation, or inability or unwillingness

to give informed consent. Treating physicians informed
patients of the study's aim and obtained written con-
sent for the use of data and follow-up. The trial was
approved by the Institutional Review Board of Univer-
sity Medical Center Utrecht and subsequently by the
boards of the participating hospitals. Most hospitals
used a high-sensitivity troponin assay (Appendix Tables
1 and 2, available at Annals.org). None of the hospitals
switched the type of assay during the trial.

Usual Care Versus HEART Care
Usual care was defined as daily practice of an at-

tending physician to evaluate patients with chest pain.
In this period, physicians in the emergency department
assessed risk for acute coronary syndrome based on
standard history taking, physical examination, ECG, lab-
oratory tests, or chest radiography and using their clin-
ical expertise, intuition, and national or international
clinical guidelines that could include the calculation of
risk scores other than the HEART score (24). During
usual care, explicit instructions were given not to calcu-
late the HEART score.

“HEART care” consisted of routine initial work-up
plus formal calculation of the HEART score in all pa-
tients and linking the total HEART score to specific rec-
ommendations for further management (“directive use”
[25]). A HEART score that is based on a single baseline
troponin measurement has been validated. Therefore,
the recommendation for patients with a score of 3 or
less was reassurance and discharge without further di-
agnostic testing, including no second troponin mea-
surement. To avoid missed acute coronary syndromes
in patients with low HEART scores who were discharged
without a representative troponin measurement, a sec-
ond troponin test was performed the same or next day
while the patient was ambulatory. Hospitalization for
observation and investigation was recommended for
the intermediate-risk group (score of 4 to 6), and
prompt invasive treatment was recommended for the
high-risk group (score of 7 to 10). In accordance with
daily practice, in which physicians are able to pick up
specific clues in patients, physicians could overrule the
score's recommendation and, for example, admit a pa-
tient with a low score. Information about the reason for
overruling the recommendation was collected. Nonad-
herence was defined as admission and additional test-
ing (including a second troponin measurement) in low-
risk patients or no further diagnostic testing in high-risk
patients. We prepared our participating hospitals be-
fore inclusion with presentations during morning meet-
ings and face-to-face instruction of the residents,
nurses, and cardiologists. The hospital was informed
about the switch to HEART care 1 week in advance with
a meeting on case exercises, including calculation of
the HEART score.

Figure 2 shows the protocol for usual care versus
HEART care.

End Points
Primary Outcome

The primary outcome was safety, defined as occur-
rence of major adverse cardiac events (MACEs) within 6

Figure 1. HEART score for patients with chest pain.
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Highly suspicious

Moderately suspicious

Slightly suspicious

History
(anamnesis)

Significant ST-segment deviation

Nonspecific repolarization
disturbance/LBBB/PM

Normal

ECG

Age !65 y

"45 y

Normal limit or lower

!3 risk factors or history of
atherosclerotic disease

45–65 y

Risk factors*

1 or 2 risk factors

No known risk factors

Troponin !3 ! normal limit

1–3 ! normal limit

ECG = electrocardiogram; HEART = History, ECG, Age, Risk factors,
and initial Troponin; LBBB = left bundle branch block; PM = pacemaker.
* Hypercholesterolemia, hypertension, diabetes mellitus, cigarette smok-
ing, family history of atherosclerotic disease, and obesity (body mass in-
dex >30 kg/m2).
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Background: The HEART (History, Electrocardiogram, Age, Risk
factors, and initial Troponin) score is an easy-to-apply instrument
to stratify patients with chest pain according to their short-term
risk for major adverse cardiac events (MACEs), but its effect on
daily practice is unknown.

Objective: To measure the effect of use of the HEART score on
patient outcomes and use of health care resources.

Design: Stepped-wedge, cluster randomized trial. (Clinical
Trials.gov: NCT01756846)

Setting: Emergency departments in 9 Dutch hospitals.

Patients: Unselected patients with chest pain presenting at
emergency departments in 2013 and 2014.

Intervention: All hospitals started with usual care. Every 6
weeks, 1 hospital was randomly assigned to switch to “HEART
care,” during which physicians calculated the HEART score to
guide patient management.

Measurements: For safety, a noninferiority margin of a 3.0%
absolute increase in MACEs within 6 weeks was set. Other out-
comes included use of health care resources, quality of life, and
cost-effectiveness.

Results: A total of 3648 patients were included (1827 receiving
usual care and 1821 receiving HEART care). Six-week incidence
of MACEs during HEART care was 1.3% lower than during usual
care (upper limit of the 1-sided 95% CI, 2.1% [within the nonin-
feriority margin of 3.0%]). In low-risk patients, incidence of
MACEs was 2.0% (95% CI, 1.2% to 3.3%). No statistically signifi-
cant differences in early discharge, readmissions, recurrent
emergency department visits, outpatient visits, or visits to gen-
eral practitioners were observed.

Limitation: Physicians were hesitant to refrain from admission
and diagnostic tests in patients classified as low risk by the
HEART score.

Conclusion: Using the HEART score during initial assessment of
patients with chest pain is safe, but the effect on health care
resources is limited, possibly due to nonadherence to manage-
ment recommendations.

Primary Funding Source: Netherlands Organisation for Health
Research and Development.
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Only 20% of patients with chest pain have an acute
coronary syndrome that requires prompt admis-

sion and treatment. In the remaining 80%, the under-
lying condition is noncardiac and is usually not life-
threatening (1). These patients might be discharged
from the emergency department and managed further
in an outpatient setting. However, approximately 50%
of patients with an acute coronary syndrome do not
have classic symptoms, and coronary angiography, the
reference standard for investigation, is costly and car-
ries a risk for complications (2). Current management in
most Western countries is conservative, with two thirds
of patients being admitted and receiving additional
testing, which puts a large burden on health care re-
sources and also carries the risk for overdiagnosis and
overtreatment (3). Nevertheless, reports indicate that
approximately 2% to 6% of patients with an acute cor-
onary syndrome are still being missed in current prac-
tice (4, 5).

International guidelines advise the use of risk-
stratifying instruments in patients with chest pain be-

cause they are superior to clinical assessment alone
and their potential effect on patient outcomes (such as
safety and length of stay) has been demonstrated (6–
12). The HEART score is based on 5 key elements in the
initial work-up of patients with chest pain: History, Elec-
trocardiogram (ECG), Age, Risk factors, and Troponin
(Figure 1, and Appendix Figure 1, available at Annals
.org) (13). In contrast to other risk scores for chest pain,
the HEART score was developed on the basis of clinical
experience alone. It provides the physician with a for-
mal recommendation for admission, observation, or
discharge in individual patients. The HEART score has
shown promising results in external validation studies
in various countries and hospital settings (14–21). Still,
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