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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% Cl, 2.1% [within the nonin-
feriority margin of 3.0%]). In low-risk patients, incidence of
MACEs was 2.0% (95% Cl, 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.
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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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Figure 1. HEART score for patients with chest pain.
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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/m?).

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
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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
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weeks, consisting of the following events: ST-segment
elevation myocardial infarction, non-ST-segment eleva-
tion myocardial infarction, unstable angina, percutane-
ous coronary intervention, coronary artery bypass graft-
ing, significant stenosis (>50%) treated conservatively,
or death due to any cause. To identify MACEs occur-
ring after discharge, all patients were contacted by
telephone, by e-mail, or via the patient's general prac-
titioner at 3 months. Any information indicative of a rel-
evant end point was further investigated by consulting
electronic hospital medical files and was subsequently
reviewed for final classification by 2 independent cardi-
ologists who were blinded to study period and HEART
score and who used the definitions in the European
guidelines (24, 26). In cases of disagreement, the case
was discussed in a consensus meeting with at least 3
participating cardiologists.

Use of Health Care Resources

The number and cause of initial admissions and the
number of early discharges from the emergency de-
partment (<4 hours after presentation) as well as read-
missions, recurrent emergency department visits, and
outpatient clinic visits within 3 months after the initial
presentation were recorded for all patients. The num-
ber and reason for general practitioner visits were col-
lected during the telephone call with the patient at 3
months.

We decided in advance to collect detailed data on
the use of diagnostic procedures in 5 of the 9 partici-
pating hospitals, which were chosen on the basis of
their differences in size and type (1 academic, 4 nonac-
ademic, 2 small, and 3 large) and their ability to provide
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high-quality data. The expected number of patients in
these hospitals was sufficient to investigate differences
in health-related quality of life and costs.

Quality of Life

Quality-of-life data were collected in patients from
the same 5 participating hospitals during usual and
HEART care, at baseline, and at 2-week and 3-month
follow-up using the EuroQol 5-Dimensional (EQ-5D)
questionnaire (22).

Direct Costs

Health care resource use was extracted from the
electronic hospital medical files from 5 participating
hospitals. Unit costs (in euros) were determined using
the available literature (27).

Statistical Analysis

The 6-week cumulative incidence of MACEs was
analyzed using generalized linear models. The bino-
mial distribution and the identity link were used to di-
rectly estimate absolute differences in MACE incidence
between HEART and usual care patients. The general-
ized estimating equation approach was used to take
clustering of MACEs within hospitals into account given
the stepped-wedge design (23, 28). Bootstrapping was
used to obtain Cls (29). The main model included type
of care (usual or HEART), steps (time periods) as a cat-
egorical variable, and hospitals as clusters. The differ-
ence in MACEs with a 1-sided 95% Cl was estimated in
order to evaluate noninferiority. The noninferiority mar-
gin was prespecified at 3.0%.

Figure 2. Study protocol for usual care versus HEART care.
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Figure 3. Study flow diagram.
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HEART = History, Electrocardiogram, Age, Risk factors, and initial Troponin.

In a sensitivity analysis, we further adjusted for the
following prognostic factors: age, sex, any cardiovascu-
lar history, and risk factors for cardiovascular disease.
Four prespecified subgroups were investigated to de-
termine whether the effect of HEART care on MACEs
differed: men versus women, older versus younger
than 75 years, diabetic versus nondiabetic patients,
and white versus other race. Appendix 1 (available at
Annals.org) provides information on changes in this
subgroup analysis. The same modeling approach was
applied for other binary outcomes to estimate absolute
differences in health care use. The generalized estimat-
ing equation models were performed using the XT and
XTGEE routines in Stata, version 13.1 (StataCorp), with
use of their bootstrap procedure to obtain robust esti-
mates of SEs. More details on the statistical analysis and
deviations from the protocol can be found in Appendix
2 (available at Annals.org).

Sample Size

We expected the incidence of MACEs to be similar
between HEART and usual care. Specifically, on the ba-
sis of clinical judgment and literature, the difference in
MACE incidence between HEART and usual care
should not exceed 3.0% (noninferiority margin) (13-17).
The proportion of MACEs expected during usual care
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was 17%, and the between-hospital variation in inci-
dence of MACEs was estimated at 16% to 18%. Based
on these numbers, a 1-sided « level of 5%, and a power
of 80%, the required total sample size for a stepped-
wedge design with 10 clusters was calculated as 6600
(22).

Cost-Effectiveness Analysis

Differences in health-related quality of life at base-
line, 2 weeks, and 3 months were assessed with the
EQ-5D questionnaire. Costs per patient were calcu-
lated according to Dutch guidelines for pharmacoeco-
nomic analyses (27). Bootstrapping (n = 2500) was
used to obtain 95% Cls around differences in quality-
of-life estimates and costs. A cost-effectiveness analysis
was performed; more detail is provided in Appendix 3
(available at Annals.org) and in our published study
protocol (22).

Role of the Funding Source

A research grant was obtained from the Nether-
lands Organisation for Health Research and Develop-
ment as part of the Effectiveness Program. The study
sponsor had no role in the design of the study; collec-
tion, analysis, or interpretation of the data; writing of
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the report; or the decision to submit the manuscript for
publication.

RESULTS
Study Population

A total of 3666 patients met our inclusion criteria
and agreed to participate (Figure 3). Three patients
withdrew from the study within 6 weeks, and 15 (0.4%)
were lost to follow-up. A total of 3648 patients were
included in the analysis (1827 receiving usual care and
1821 receiving HEART care). The mean age of patients
was 62 years, and 54% were male (Table 1). A low
HEART score (0 to 3) was calculated in 715 (39%) pa-
tients, an intermediate score (4 to 6) was calculated in
861 (47%) patients, and a high score (7 to 10) was cal-
culated in 190 (11%) patients. The score was not calcu-
lated in 55 (3%) patients during the HEART care period.

Safety

The 6-week cumulative incidence of MACEs was
18.9% during HEART care and 22.2% during usual care.
The difference in MACE incidence (HEART care minus
usual care) after adjustment for time steps and cluster-
ing was —1.3%, with a 1-sided 95% upper confidence
limit of 2.1% (within the prespecified noninferiority mar-
gin of 3.0%) (Appendix Figure 3, available at Annals
.org). Adjustment for known prognostic factors did not
meaningfully change the estimate of treatment effect
(<10% change in odds ratio). None of the prespecified
subgroup analyses of women, elderly patients, and di-
abetic patients showed a statistically significantly differ-
ent effect of HEART care with respect to incidence of
MACEs (data not shown). The additional analysis com-
paring usual versus HEART care stratified by time pe-
riod did not indicate heterogeneity of the odds ratio
across time periods (Breslow-Day test P = 0.34) (Ap-
pendix Table 3, available at Annals.org).

Five (0.3%) deaths occurred during HEART care,
and 9 (0.5%) occurred during usual care. Further details
on MACE components are provided in Table 2. The
incidence of MACEs in low-risk patients was 2.0% (95%
Cl, 1.2% to 3.3%), with 1 death of unknown cause oc-
curring 4 weeks after initial presentation. This patient
presented with atypical symptoms and ECG, and 2 tro-
ponin measurements were normal; the HEART score
was calculated as 3 but should have been 4 because
the patient was older than 65 years and was known to
have had a stroke. Appendix Table 4 (available at
Annals.org) shows detailed information on MACEs in
low-risk patients. The non-MACE group consisted of
2900 (80%) patients, with a final diagnosis on initial pre-
sentation of stable angina in 231 patients, rhythm dis-
orders in 208 patients, heart failure in 37 patients, peri-
carditis in 58 patients, and nonspecific or noncardiac
chest pain in 2366 patients.

Use of Health Care Resources

No major differences between HEART care and
usual care were observed (Table 3). The proportion of
patients with early discharge from the emergency de-
partment (<4 hours) was slightly higher during HEART
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care (34.8% vs 30.9%, leading to a difference after ad-
justment for clustering and time steps of 0.7% [Cl,
—5.6% to 7.0%]). There was no difference in median
length of stay (4 hours) at the emergency department.
Among low-risk patients, 648 (91%) were discharged
from the emergency department after initial presenta-
tion, although 232 of these patients (36%) were dis-
charged only after prolonged observation. Of the 67
low-risk patients admitted to the hospital, 42 received a
final diagnosis of nonspecific chest pain, 18 received a
noncardiac diagnosis (such as cholangitis), and 7 were
diagnosed with cardiac ischemia. During HEART care,
outpatient clinic visits (both cardiology and other med-
ical specialties) increased (69.6% vs. 59.8%, leading to
a difference after adjustment for time steps and cluster-
ing of —0.9% [Cl, —11.3% to 9.5%]). In addition, a small
decrease in the proportion of patients who underwent
exercise stress ECG, nuclear imaging, and coronary an-

Table 1. Patient Characteristics at Baseline

Characteristic Usual Care  HEART Care
(n=1827) (n=1821)
Demographic
Male, n (%) 1005 (55) 975 (54)
Mean age (SD), y 62 (14) 62 (14)
Vital signs at presentation
Mean blood pressure (SD), mm Hg
Systolic 143 (24) 144 (24)
Diastolic 81(13) 81(13)
Mean heart rate (SD), beats/min 74 (17) 73 (15)
Killip class I, n (%) 1809 (99) 1796 (99)
Cardiac risk factors, n (%)
Diabetes mellitus 301 (16) 285 (16)
Obesity (body mass index >30 kg/m?) 253 (14) 327(18)
Hypercholesterolemia 683 (37) 585 (32)
Hypertension 926 (51) 879 (48)
Positive family history 599 (33) 651 (36)
Current smoking 444 (24) 452 (25)
History of cardiovascular disease, n (%) 670 (37) 596 (33)
Acute myocardial infarction 351(19) 288 (16)
Percutaneous coronary intervention 416 (23) 344 (19)
Coronary artery bypass grafting 162 (9) 131(7)
Cerebrovascular accident or transient 131(7) 101 (6)
ischemic attack
Peripheral artery disease 77 (4) 69 (4)
Laboratory results at presentation
Mean creatinine level (SD)
pmol/L 82 (31) 80 (33)
mg/dL 0.9 (0.4) 0.9 (0.4)
Medication at presentation, n (%)
Aspirin 671(37) 621 (34)
P2Y,, inhibitor (clopidogrel) 132(7) 109 (6)
Vitamin K antagonists (coumarin) 190 (10) 168 (9)
Other (dipyridamole, ticagrelor, and 84 (5) 69 (4)
direct oral anticoagulants)
HEART score, n (%)
0-3 (low risk) - 715(39)
4-6 (intermediate risk) - 861 (47)
7-10 (high risk) - 190 (11)
Missing - 55(3)

HEART = History, Electrocardiogram, Age, Risk factors, and initial
Troponin.
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Table 2. Comparison of 6-Week Incidence of MACE and Its Components Between Usual Care and HEART Care*

Variable Usual Care HEART Care HEART HEART HEART HEART
(n =1827) (n=1821) Score 0-3 Score 4-6 Score 7-10 Score Missing
(n =715)t (n =861) (n =190) (n =55)
Patients with MACE 405 (22.2) 345(18.9) 14 (2.0) 175 (20.3) 140 (73.7) 16 (29.1)
MACE componentst
Death 9(0.5) 5(0.3) 1(0.1) 2(0.2) 2(1.1) 0(0)
Cardiovascular 6 1 0 0 1 0
Noncardiovascular 0 1 0 0 1 0
Unknown cause§ 3 3 1 2 0 0
Total cardiac ischemia 400 (21.9) 329(18.1) 10(1.4) 162(18.8) 143 (75.3) 14 (25.4)
Unstable angina 157 105 6 70 25 4
Non-ST-segment elevation myocardial infarction 214 211 4 91 107 9
ST-segment elevation myocardial infarction 29 13 0 1 11 1
Total significant stenosis 290(15.9) 247 (13.6) 10(1.4) 117 (13.6) 102(11.8) 16 (29.1)
Managed conservatively 39 41 1 27 13 0
Percutaneous coronary intervention 208 158 7 70 66 13
Coronary artery bypass grafting 43 48 2 20 23 3
Total MACEs 699 581 21 281 247 30

HEART = History, Electrocardiogram, Age, Risk factors, and initial Troponin; MACE = major adverse cardiac event.

* Values are numbers (percentages).

T For more information on these patients, see Appendix Table 4 (available at Annals.org).
1 Totals of MACE components exceed total MACEs because a patient can have >1 component.

§ Includes presumed acute cardiac death at home (no autopsy performed).

giography was observed during HEART care (Appendix
Table 5, available at Annals.org).

Quality of Life, Costs, and Cost-Effectiveness
Analysis

Quality-of-life scores on the EQ-5D at baseline, 2
weeks, and 3 months were 0.71, 0.73, and 0.77, respec-
tively, for HEART care and 0.70, 0.71, and 0.73 for usual
care (Appendix Table 6, available at Annals.org).
Health outcomes over the 3 months after initial presen-
tation, expressed as quality-adjusted life-years (QALYs)
per patient, were 0.17 for both HEART care and usual
care. The QALYs calculated using visual analogue scale
scores were lower, but the difference was similar (data
not shown). Mean direct health care costs per patient
were €3061 (Cl, €2623 to €3527) and €3258 (Cl, €2827
to €3762) for HEART and usual care, respectively (dif-
ference, —€197 [Cl, —€876 to €450]). With regard to
health outcomes as well as health care costs, HEART
care was superior to usual care (in health economic
terms, HEART care dominated usual care). However,
differences in health outcomes and costs were small,
with substantial uncertainty remaining. The probability
that HEART care dominated usual care was 71%, and
the probability that HEART care was cost-effective at a
willingness-to-pay threshold of €20 000 per QALY was
99% (Appendix Table 7, available at Annals.org).

Adherence

Nonadherence occurred in 313 of 1766 (18%) pa-
tients (291 of 715 [41%] low-risk patients and 22 of 190
[12%] high-risk patients) (Appendix Table 8, available
at Annals.org). Nonadherence in low-risk patients con-
sisted of prolonged observation or hospitalization after
presentation at the emergency department in 234 of
291 (80%) patients, a second troponin measurement in
170 of 291 (58%) patients, or stress bicycle testing in 52
of 291 (18%) patients. The reason for nonadherence
was not given for 161 (55%) low-risk patients and was
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given as intuition for 70 (24%) patients, an alternative
diagnosis being more probable for 33 (11%) patients,
and logistics for 27 (9%) patients.

DiscussioN

In this stepped-wedge, cluster randomized trial
comparing use of the HEART score versus usual care in
patients with chest pain, noninferiority for the safety
outcome (MACE) was demonstrated, with a difference
in incidence of —1.3% in favor of HEART care and a
1-sided 95% upper confidence limit of 2.1% (within the
noninferiority margin of 3.0%). Major adverse cardiac
events occurred in 2.0% (Cl, 1.2% to 3.3%) of low-risk
patients (HEART score of 0 to 3). Use of health care
resources was typically lower during HEART care, but
absolute differences were small, and no statistically sig-
nificant differences were found after adjustment for
clustering and time steps. The combination of equal
safety, small improvements in quality of life, and lower
costs resulted in a likelihood of 99% that HEART care
would be cost-effective. Extrapolation of the findings of
our cost-effectiveness analysis (including nonadher-
ence) suggests that HEART care could lead to annual
savings of €40 million in the Netherlands.

The findings on safety are consistent with several
previous studies of the HEART score, in which MACE
incidence in low-risk patients ranged from 0.6% to 1.7%
(13-21). False-negative rates of 1% or 2% have been
considered acceptable for clinicians assessing patients
with chest pain (30, 31). Advantages of the HEART
score are its simplicity (5 items) and the fact that it was
developed specifically for patients with chest pain pre-
senting at the emergency department. Furthermore, it
identifies the largest proportion (up to 40%) of patients
as low risk and eligible for early discharge from the
emergency department, with 99% (Cl, 97% to 100%)
sensitivity for acute coronary syndrome (15, 17-19, 32).
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Nonadherence occurred in 18% of our low-risk pa-
tients, which is similar to nonadherence rates found by
Mahler and colleagues (29% of low-risk patients in a
single-center randomized trial [33]).

This trial has several strengths. It was a high-impact
trial that included patients in a multicenter collabora-
tion with several types of hospitals, making our results
highly generalizable. Furthermore, this pragmatic trial
reflects the current real-life effect of implementation of
the HEART score, taking into account possible in-
tended and unintended effects of its use. In addition,
we had complete follow-up in almost all patients
(99.9%). Another strength of our study is its stepped-
wedge design (34). This enabled a within-hospital com-
parison of HEART care versus usual care, which may be
less confounded than a comparison between hospitals
in a standard, parallel, cluster randomized trial. We en-
sured that no HEART scores were calculated during
usual care. Finally, unstable angina and all revascular-
ization procedures were included in our definition of
MACE so as to capture all clinically relevant end points.
Excluding unstable angina and elective revasculariza-
tion would have decreased the incidence of MACEs in
low-risk patients from 2.0% to 1.0%.

Several limitations must be considered. First, inclu-
sion of patients during HEART care versus usual care

ORIGINAL RESEARCH

may have differed because we observed small differ-
ences in baseline characteristics between study peri-
ods. We saw small changes in estimates when taking
the effect of time steps into account, but further adjust-
ment for other known prognostic factors of MACEs did
not have an effect. Second, we did not reach the num-
ber of patients in our initial sample size calculations.
This was not due to early termination or interim ana-
lyses but to 2 external causes: withdrawal of 1 large
hospital 1 week before the start of the trial and the time
constraints of obtaining informed consent. Also, the
stepped-wedge design results in a fixed number and
length of steps, reducing flexibility to add clusters or
lengthen the inclusion period. Despite the lower num-
ber of inclusions, our study was still able to show non-
inferiority. In hindsight, the effect of within-cluster cor-
relation was overestimated, with a very low intraclass
correlation coefficient of 0.0055 (35, 36).

There are several possible reasons for the limited
effect on health care use we observed. First, physicians
calculated the score but did not always adhere to its
recommendation. Because this was a pragmatic trial as-
sessing a decision-support tool, deviating from the
score was part of the intervention. In particular, we ob-
served nonadherence of 41% in the low-risk group. A
possible explanation for this is the difficulty in changing

Table 3. Use of Health Care Resources Within 3 Months of Initial Presentation

Variable Usual Care HEART Care HEART HEART HEART HEART
(n = 1827) (n=1821) Score 0-3 Score 4-6 Score 7-10 Score Missing
(n=715) (n=861) (n =190) (n =55)
Initial presentation at ED
Not admitted, n (%) 1199 (66) 1263 (69) 648 (91) 556 (65) 29(15) 30 (55)
Prompt discharge (<4 h), n (%)* 564 (47) 633 (50) 416 (64) 190 (34) 9(31) 18 (60)
Prolonged observation in ED/chest 635 (53) 630 (50) 232 (36) 366 (66) 20 (69) 12 (40)

pain unit, n (%)

Median length of stay in ED (IQR), h:min  3:57 (2:30-5:57) 3:55(2:35-5:44) 3:16(2:21-4:43) 4:40 (2:56-6:20) 3:32(2:16-5:51) 2:57(2:17-5:11)

Admitted to hospital, n (%) 628 (34) 558 (31) 67 (9) 305 (35) 161 (85) 25 (45)
Admitted to critical care unit/intensive 296 (47) 223 (40) 25(37) 104 (34) 81 (50) 13 (50)
care unit after ED, n (%)
Median length of stay (IQR), d 4 (2-6) 3(2-6) 2(2-3) 3(2-5) 4 (3-8) 4(2-7)
Total days, n 3365 3085 193 1521 1228 143
Days in critical care unit/intensive 1032 880 44 360 435 41
care unit
=1 recurrent visit to ED, n (%) 266 (15) 277 (15) 72 (10) 151 (18) 46 (24) 8(15)
Total visits, n 382 380 110 200 59 11
Final diagnosis of cardiac ischemia, n 80 79 11 49 18 1
=1 readmission, nonelective, n (%) 221(12) 193 (11) 49(10) 104 (12) 37(19) 3(5)
Total readmissions, n 296 261 59 145 51 6
Median length of stay (IQR), d 2 (0-6) 2 (0-6) 2 (0-4) 2 (0-7) 2(0-7) 2 (0-4)
=1 outpatient clinic visit, n (%) 1093 (60) 1267 (70) 381(53) 686 (80) 165 (87) 35 (64)
Total visits, n 2730 3203 848 1823 443 89
Cardiology 1505 1779 417 1034 267 61
Other specialty 1225 1424 431 789 176 28
=1 new visit to general practitioner 195(11) 213(12) 86(12) 102 (12) 18 (9) 7(13)

for cardiac reason, n (%)t

ED = emergency department; HEART = History, Electrocardiogram, Age, Risk factors, and initial Troponin; IQR = interquartile range. * Initial
work-up consisted of history, physical examination, first troponin measurement, and electrocardiography without further testing (e.g., second
troponin measurement or stress testing).

T Information was obtained via the 3-mo telephone call. Answers were missing for 367 (20%) patients in the usual care group and 378 (20%) in the
HEART care group because we were unable to contact 20% of all patients and hospital medical files do not record information on general
practitioner visits.
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behavior. In addition, there may have been concern
about the safety of the score. Studies showed rates of
misdiagnosis of up to 6% in patients with chest pain,
and the estimated incidence of unexpected sudden
death is 0.05% to 0.1% (5, 37). Accepting this inevitable
risk is becoming more difficult in our increasingly risk-
averse society and poses a dilemma for physicians and
patients, fueling the need for more testing and moni-
toring (38).

We conclude that the HEART score is an accurate
risk-stratification instrument and is safe to use when as-
sessing patients with chest pain in the emergency de-
partment. Hesitance to refrain from admission and test-
ing in patients with low scores could explain the small
effect on health care costs. Such barriers should be ad-
dressed for patient management to better adhere to
directive use of the HEART score.
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APPENDIX 1: DIFFERENCES IN OUTCOMES
BETWEEN STUDY PROTOCOL AND
CLINICALTRIALS.GOV

After publishing the study protocol in 2013, we
made several changes in outcomes and the statistical
analysis plan, including the following:

Use of health care resources: We included the vari-
ables “revisit at the ED” and “outpatient clinic visits” to
our list of outcomes measured for use of health care
resources to have a more complete view of use of
health care resources.

Quality of life and indirect costs: We did not in-
clude the Short Form-36 Health Survey and iMTA Pro-
ductivity Cost Questionnaire in the current cost-
effectiveness analysis.

Subgroup analysis: We could not perform the sub-
group analysis of ethnicity because too many values
were missing and the vast majority (>90%) of patients
were white. We changed the cutoff for older age to
older than 75 years instead of a median age of 62 years
as mentioned in our study protocol to address the dif-
ference in elderly and younger patients because we be-
lieve that age 62 years is still young.

APPENDIX 2: STATISTICAL ANALYSIS

The 6-week cumulative incidence of MACEs was
analyzed using generalized linear models. The bino-
mial distribution and the identity link were used to di-
rectly estimate absolute differences in MACE incidence
between HEART care and usual care patients. Because
a stepped-wedge design is a type of cluster trial, we
used the generalized estimating equation approach to
take clustering of MACEs within hospitals into account
using the exchangeable correlation structure (23, 28).
Generalized estimating equation models tend to un-
derestimate SEs if the number of clusters (9 in our case)
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is limited (29). Therefore, we used a stratified bootstrap
procedure (500 bootstraps) as implemented in Stata
procedure XTGEE to obtain Cls with better coverage
(29). The main model included type of care (usual or
HEART), steps (time periods) as a categorical variable,
and hospitals as clusters. The difference in MACE inci-
dence with a 1-sided 95% Cl was estimated in order to
evaluate noninferiority of this main safety outcome. The
noninferiority margin was prespecified at 3.0% (abso-
lute difference in MACE incidence between HEART and
usual care <3.0%). In a sensitivity analysis, we further
adjusted for the following known prognostic factors
that could be potential confounders: age, sex, any car-
diovascular history, and risk factors for cardiovascular
disease.

Four prespecified subgroups were investigated to
determine whether the effect of HEART care differed
with respect to MACE incidence: men versus women,
older versus younger than 75 years, diabetic versus
nondiabetic patients, and white versus other race. We
changed the cutoff for older age from 62 to 75 years to
better represent elderly patients. Furthermore, the race
subgroup was dropped because this information was
missing in 30% of patients and 98% of the remaining
patients were white. Subgroups were examined by per-
forming a formal test of interaction by adding the
subgroup-by-treatment interaction to the model. No
adjustment for multiple comparison was done because
of the limited number of subgroups and their prespeci-
fied nature.

The same modeling approach was applied for
other binary outcomes to estimate absolute differences
and 2-sided 95% Cls in the use of health care between
HEART and usual care: proportion of initially admitted
patients, proportion of patients with early discharge,
proportion of readmitted patients, proportion of pa-
tients with a revisit to the emergency department, pro-
portion of patients with 1 or more outpatient clinic vis-
its, and proportion of patients undergoing specific
diagnostic tests. The 95% Cl around the absolute risk
for MACEs in patients with a low HEART score was es-
timated using the method of Wilson. We also per-
formed a stratified analysis comparing the incidence of
MACEs between HEART versus usual care within each
time period. A formal test for homogeneity of the odds
ratio across time periods (Breslow-Day test) was per-
formed. Finally, we performed a stratified analysis com-
paring the incidence of MACEs between HEART versus
usual care, stratified by hospital and overall (Appendix
Table 9).

The generalized estimating equation models were
performed using the XT and XTGEE routines in Stata,
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version 13.1, with use of their bootstrap procedures to
obtain robust estimates of their SEs.

APPENDIX 3: COST-EFFECTIVENESS ANALYSIS

Detailed information on quality of life and costs
was collected in 5 of the 9 participating hospitals (2
academic and 3 general). The costs for health care re-
source use were calculated based on Dutch guidelines
and cost tables for the corresponding hospitals. Differ-
ent costs were used for the academic and general hos-
pitals, and costs were adjusted for inflation by using the
consumer price indices provided by Statistics Nether-
lands (39). For each participant in this study, the costs
were calculated based on the observed number and
type of health care resources used and the type of hos-
pital (academic or general). Data on resource use were
collected for each patient in the 5 participating hospi-
tals; no data were missing.

Quality of life was derived from the EQ-5D-3L ques-
tionnaire, a quality-of-life questionnaire consisting of 5
questions (dimensions) with 3 answers each, from
which quality-of-life scores (utility values) can be di-
rectly derived. More information is available at www.eu-
rogol.org. Quality-adjusted life-years were calculated
over a period of 3 months, based on the estimated
quality-of-life values at 0 weeks, 2 weeks, and 3 months.

For quality-of-life estimates (that is, utilities), some
follow-up data were missing, and multiple imputation
(with 10 imputed data sets) was therefore performed.
The MICE package in R, version 3.3.1 (R Foundation for
Statistical Computing), was used for multiple imputa-
tion (40). The imputation was based on patient charac-
teristics (such as age and sex), quality-of-life scores (the
answers to the EQ-5D questionnaires) recorded at each
follow-up, and the included hospital and the period in
which usual care was replaced by HEART care. The pro-
cess of imputation was repeated for each of the 2500
bootstrap samples. The average across the imputed
data sets was used to obtain Cls around the differences
in costs and quality-of-life estimates for HEART care
versus usual care. Differences in outcomes for the com-
plete cases and multiple imputations and their 95% Cls
are shown in Appendix Table 6.

Appendix Table 7 shows the probabilities that
HEART care versus usual care would improve health
outcomes, reduce costs, or both. Probabilities were cal-
culated by dividing the number of bootstrap samples
resulting in better or worse health outcomes and in
lower or higher costs for HEART care compared with
usual care by the total number of bootstrap samples
(n =2500).

Annals.org

Downloaded From: http://annals.or g/pdfaccess.ashx?url=/data/j our nals/aim/936240/ by a Vanderbilt University User on 06/22/2017


http://www.euroqol.org
http://www.euroqol.org
http://www.annals.org

Web-Only References

39. Centraal Bureau voor de Statistiek. Consumentenprijzen; prijsin-
dex 2006 = 100, 1996 - 2015 (Price indices Netherlands.) 11 Febru-
ary 2016. Accessed at http://statline.cbs.nl/Statweb/publication
/?DM=SLNL&PA=71311NED&D1=0&D2=0&D3=64,77,90,103,116,
129,142,155,168,181,194,219,232,245,258,|I&HDR=T&STB=G1,G2
&VW=T on 20 March 2017.

Appendix Figure 1. Instructions for physicians for
calculation of the HEART score in the emergency
department.

History (Anamnesis)
0 points:

40. van Buuren S, Groothuis-Oudshoorn K. Mice: multivariate impu- Slightly suspicious C*l':'t“tet’i“ic'a"a_"‘"es“c elements:
. . . . etrosternal pain
tation by chained equations in R. J Stat Softw. 2011;45:1-67. ) Pressure 3
doi:10.18637/jss.v045.i03 1 point: . Radiation to jaw, left shoulder, or arms
Moderately suspicious . .
Duration of 5 to 15 min
. Initiation by exercise, cold, or emotion
2 P?'"ts' . Perspiration, nausea, or vomiting
Highly suspicious Reaction on nitrates within minutes
Patient recognizes symptoms (previous symptoms)
ECG
0 points:
Normal ECG (Minnesota criteria)
1 point:
Nonspecific repolarization disturbance without significant ST-segment depression
LBBB
Typical changes suggesting LVH
Repolarization disorders suggesting use of digoxin
Unchanged, known repolarization disorders
2 points:
Significant ST-segment deviation (depression or elevation) without LBBB,
LVH, or digoxin
Age
0 points:
<45y
1 point:
45-65y
2 points:
265y
Risk factors
0 points:
No risk factors known, no history of atherosclerotic disease
1 point:
1 or 2 risk factors, no history of atherosclerotic disease
2 points:
23 risk factors OR history of atherosclerotic disease: myocardial infarction,
coronary revascularisation (PCl or CABG), CVA/TIA, peripheral arterial disease
Risk factors are defined as known or treated:
Hypertension
Hypercholesterolemia
Diabetes mellitus
Obesity (BMI >30 kg m?)
Smoking (current, or smoking cessation 0-3 mo ago)
Positive family history (mother, sister, father, or brother with
cardiovascular disease before age 65 y)
Troponin
0 points:
< normal limit (local assays and corresponding cutoffs can be used)
1 point:
1-3 x normal limit
2 points:
23 x normal limit
BMI = body mass index; CABG = coronary artery bypass grafting;
CVA = cerebrovascular accident; ECG = electrocardiogram; HEART =
History, ECG, Age, Risk factors, and initial Troponin; LBBB = left bun-
dle branch block; LVH = left ventricular hypertrophy; PCl = percuta-
neous coronary intervention; TIA = transient ischemic attack.
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Appendix Figure 2. Stepped-wedge design with the number of patients per hospital included in each study period of the

HEART-Impact trial.

Step 1
07/01/13

Step 2
08/12/13

Step 3
09/23/13

Step 4
11/04/13

Step 5
12/16/13

Step 6
01/27/14

Step 7
Date of switch 03/10/14
Cluster

1 39

W 0 N o6 BT A W N

Usual care

_ HEART care

Step 8
04/21/14

Step 9
06/02/14

Step 10
07/14/14

Total

428
249
567
459
372
413
463
498
199
3648

HEART = History, Electrocardiogram, Age, Risk factors, and initial Troponin.

Appendix Table 1. Characteristics of Participating

Hospitals

Hospital Type Beds, n Revascularization
Options in Own
Hospital

1 Peripheral 505* No

2 Peripheral 262* No

3 Academic 733 PCl and CABG

4 Peripheral 1230t PCI

5 Academic 1042t PCl and CABG

6 Peripheral 1102 PCl and CABG

7 Peripheral 550t PCl and CABG

8 Peripheral 378t No

9 Peripheral 255 No

CABG = coronary artery bypass grafting; PCl = percutaneous coronary
intervention.

*In 2012.

T1n 2013.

Appendix Table 2. Characteristics of Troponin Kits and Cutoffs Used in Hospitals

Hospital Type of Assay Type of Troponin Analyzer Cutoff Value, ng/L
1 Conventional | Siemens Dimension Vista 45

2 Conventional | Beckman Coulter Dx| 40

3 High-sensitivity T Roche modular 14

4 High-sensitivity T Roche Cobas 10

5 Conventional | Beckman Coulter DxI 60

6 High-sensitivity T Roche Cobas 14

7 High-sensitivity T Roche Cobas 30 + delta >8

8 High-sensitivity T Roche modular 50

9 High-sensitivity T Roche Cobas 14
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Appendix Figure 3. Absolute differences in risk for
MACEs associated with HEART care minus usual care to
assess noninferiority for this safety outcome, for the
overall effect (top) and the effect per hospital (bottom).

Overall Effect

Noninferiorityf
margin

1-sided 95% CI

Point estimate

I I I I I I
-4 -3 -2 -1 0 1 2

Absolute Risk Difference in MACE, %
HEART care better Usual care better

I
3

Effect per Hospital

Hospital

W NONO B WN =

| B B R — T T T T T
24 20 16 -12 -8 -4 0 4 8 12 16 20 24

Absolute Risk Difference in MACE, %
HEART care better Usual care better

HEART = History, Electrocardiogram, Age, Risk factors, and initial Tro-
ponin; MACE = major adverse cardiac event.

Appendix Table 3. Observed Incidence of MACE Comparing Usual Care With HEART Care, Stratified by Step (Time Period)*

Variable Usual Care HEART Care All Patients
MACE, n Total, n Proportion MACE, n Total, n Proportion MACE, n Total, n Proportion
Time period
1 98 403 0.243 - - - 98 403 0.243
2 88 392 0.224 18 69 0.261 106 461 0.230
3 75 285 0.263 13 89 0.146 88 374 0.235
4 35 158 0.222 20 110 0.182 55 268 0.205
5 19 145 0.131 19 146 0.130 38 291 0.131
6 44 195 0.226 44 223 0.197 88 418 0.211
7 28 162 0.173 62 291 0.213 90 453 0.199
8 16 74 0.216 46 242 0.190 62 316 0.196
9 4 13 0.308 67 343 0.195 71 356 0.199
10 - - - 56 308 0.182 56 308 0.182
All patients 407 1827 0.223 345 1821 0.189 752 3648 0.206

HEART = History, Electrocardiogram, Age, Risk factors, and initial Troponin; MACE = major adverse cardiac event.
* A formal test of homogeneity of the odds ratio across time periods did not indicate heterogeneity (Breslow-Day test P = 0.34).
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Appendix Table 5. Use of Diagnostic Procedures Within 3 Months of Presentation at the Emergency Department*

Variable Usual Care HEART Care HEART HEART HEART HEART
(n=1176) (n = 804) Score 0-3 Score 4-6 Score 7-10 Score Missing
(n = 346) (n=361) (n = 65) (n=32)
Patients with =1 of the tests mentioned in this table 765 (65) 461 (57) 137 (40) 250 (69) 56 (86) 18 (56)
Total diagnostic tests 1565 940 228 541 136 35
Tests within the first 2 d 582 (37) 347 (37) 49 (21) 216 (40) 65 (48) 17 (49)
Stress bicycle electrocardiography testingt 465 (40) 300 (37) 96 (28) 175 (48) 18(28) 11(34)
Echocardiography (transthoracic) 410 (35) 243 (30) 50 (15) 142 (39) 43 (66) 8 (25)
Nuclear imaging 198 (17) 89 (11) 24(7) 56 (16) 8(12) 1(0)
CT scan or CT angiography (excluding pulmonary 87 (7) 47 (6) 16 (5) 27 (7) 3(5) 1(0)
embolism)
Coronary CT angiography 40 (3) 26 (3) 14 (4) 10 (3) 0(0) 2(1)
Cardiac magnetic resonance imaging 19 (2) 16 (2) 6(2) 10 (3) 0(0) 0(0)
Coronary angiography 346 (29) 219(27) 22 (6) 121 (34) 64 (98) 12 (38)
Normal coronary arteries 41 19 4 13 2 0
Nonsignificant stenosis 101 69 13 39 14 3
Significant stenosis conservatively treated 28 15 0 12 3 0
Significant stenosis invasively treated 176 116 5 57 45 9

CT = computed tomography; HEART = History, Electrocardiogram, Age, Risk factors, and initial Troponin.

* Data based on patients from the 5 hospitals participating in the cost-effectiveness analysis. Values are numbers (percentages).
T Divided by the total number of patients in the study period (465/1176).
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Probabili
0.710

Appendix Table 7. Four Main Categories of
Cost-Effectiveness Results for HEART Care and Their
Associated Probabilities

HEART Care Compared With Usual Care

Better health outcomes and cheaper

0.284

Better health outcomes and more expensive
Worse health outcomes and cheaper

0.003
0.004

Worse health outcomes and more expensive

HEART
Troponin

History, Electrocardiogram, Age, Risk factors, and initial
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Appendix Table 9. Observed Incidence of MACE by the 2 Study Periods (Usual Care and HEART Care), Stratified by Hospital

and Overall
Variable Usual Care HEART Care All Patients
MACE, n Total, n Proportion MACE, n Total, n Proportion MACE, n Total, n Proportion

Hospital

1 5 39 0.128 76 389 0.195 81 428 0.189

2 8 52 0.154 28 197 0.142 36 249 0.145

3 67 224 0.299 77 343 0.224 144 567 0.254

4 44 215 0.205 38 244 0.156 82 459 0.179

5 40 183 0.219 39 189 0.206 79 372 0.212

6 58 283 0.205 24 130 0.185 82 413 0.199

7 72 324 0.222 24 139 0.173 96 463 0.207

8 81 337 0.240 36 161 0.224 117 498 0.235

9 32 170 0.188 3 29 0.103 35 199 0.176
All patients 407 1827 0.223 345 1821 0.189 752 3648 0.206

HEART = History, Electrocardiogram, Age, Risk factors, and initial Troponin; MACE = major adverse cardiac event.
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CorrectioN: Errect oF UsiNG THE HEART ScoRre IN
PaTieNTs WiTH CHEST PAIN IN THE EMERGENCY DEPARTMENT

The following sentence in a recent article (1) contains an
error: The proportion of patients with early discharge from the
emergency department (<4 hours) was slightly higher during
HEART care (34.4% vs. 30.6%, leading to a difference after
adjustment for clustering and time steps of 0.7% [Cl,-5.6% to
7.0%]). The "34.4% vs 30.6%" should be “34.8% vs 30.9%".

This has been corrected in the online version.
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