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ABSTRACT

Background/aim In ED chest pain patients, a
0-hour/1-hour protocol based on high sensitivity cardiac
troponin T (hs-cTnT) tests combined with clinical risk
stratification in diagnosing acute coronary syndrome

is recommended. Two of the most promising risk
stratification tools are the History, ECG, Age, Risk Factors
and Troponin (HEART) and Emergency Department
Assessment of Chest Pain (EDAC) scores. Few studies
have assessed the diagnostic accuracy of the 0-hour/1-
hour hs-cTnT protocol when combined with HEART score,
and none with EDACS. In ED chest pain patients, we
aimed to evaluate the diagnostic accuracy of a 0-hour/1-
hour hs-cTnT protocol combined the HEART Pathway,

or the EDACS accelerated diagnostic pathway (EDACS-
ADP).

Methods This was a secondary analysis of data from a
prospective observational study enrolling 1167 ED chest
pain patients who visited the ED at Skane University
Hospital in Lund, Sweden in the period between February
2013 and April 2014. HEART and EDAC scores were
assessed together with hs-cTnT at 0 and 1 hour and
compared with HEART score alone. Sensitivity, specificity,
negative predictive value (NPV) and likelihood ratios
were evaluated. The primary outcome was major adverse
cardiac events (MACE) including unstable angina within
30 days. The secondary outcome was index visit acute
myocardial infarction (AMI).

Results A total of 939 patients were included in the
final analysis. When combined with 0-hour/1-hour
hs-cTnT testing, the HEART Pathway and EDACS-ADP
identified 49.8% and 49.6% of the patients for rule-out,
with NPVs for 30-day MACE of 99.8% and 99.1%,
compared with the HEART score alone that identified
53.4% of the patients for rule-out with NPV of 99.2%.
The NPV for index visit AMI were 100%, 99.8% and
99.2%, respectively.

Conclusion The combination of the HEART Pathway or
the EDACS-ADP with a 0-hour/1-hour hs-cTnT protocol
allows safe and early rule-out in a large proportion of ED
chest pain patients.

INTRODUCTION

Chest pain is a common reason for ED visits and
accounts for about 10% of all non-injury-related
visits in the EDs worldwide.! A primary goal in
the rapid assessment of chest pain patients is to

" Erik Johannesson,” Jakob Lundager Forberg,® Arash Mokhtari,*

What is already known on this subject

» In ED chest pain patients, the European
Society of Cardiology (ESC) recommends a
0-hour/1-hour high sensitivity cardiac troponin
T (hs-cTnT) protocol combined with clinical
risk stratification to rule-out acute coronary
syndrome. Several risk stratification tools such
as the History, ECG, Age, Risk Factors and
Troponin (HEART) and Emergency Department
Assessment of Chest Pain (EDAC) scores have
been presented, but the diagnostic accuracy
of these scores when combined with the ESC
0-hour/1-hour hs-cTnT protocol is unclear.

What this study adds

» Our results indicate that the combination of a
0-hour/1-hour hs-cTnT protocol with the HEART
Pathway or the EDACS-accelerated diagnostic
protocol allows safe and early rule-out in a
large proportion of ED chest pain patients.

exclude acute coronary syndrome (ACS; acute
myocardial infarction (AMI) or unstable angina
(UA)). Due to the fear of inadvertently discharging
a patient with ACS, a large portion of ED chest pain
patients undergo extensive testing to rule-out ACS.”
However, only a minority of these patients turn out
to have ACS,” why there is a need for strategies that
can rapidly identify low-risk patients suitable for
safe discharge.

The initial assessment relies primarily on the
history, physical examination, the ECG and
repeated blood tests for cardiac troponins.® * With
high sensitivity cardiac troponin T (hs-cTn), shorter
blood sampling intervals are now possible. The
European Society of Cardiology recommends the
use of a 0-hour/1-hour hs-cTn protocol for ruling
out AML® According to this protocol patients with
an hs-cTnT <5ng/L at presentation (0hour) or a
0-hour hs-cTnT <12ng/L with a 1-hour change
<3ng/L are considered ‘ruled out’ with a high
negative predictive value (NPV). An important
caveat is however that a 0-hour hs-cTnT <5ng/L
should only be used for rule-out if the 0-hour
sample is measured >3 hours after chest pain onset.
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Studies indicate that the diagnostic accuracy of this approach can
be enhanced by adding clinical information such as the patient
history, ECG or a low Thrombolysis in Myocardial Infarction
(TIMI) score.*™®

Commonly used clinical risk scores in ED chest pain patients
include the HEART score (History, ECG, Age, Risk Factors
and Troponin) which uses the 0-hour troponin value only,’ the
HEART Pathway which combines a low HEART score with
negative serial troponins,” or EDACS-ADP (Emergency Depart-
ment Assessment for Chest Pain Score-Accelerated Diagnostic
Pathway) which combines a low EDACS score with a non-
ischaemic ECG and negative serial troponins.'® To our knowl-
edge, there are no studies that have evaluated the diagnostic
accuracy of EDACS-ADP when combined with 0-hour/1-hour
hs-cTnT, and only one have assessed the HEART Pathway when
including 0-hour/1-hour hs-cTnT.® It is thereby unclear whether
these combinations provide a safe and effective alternative in the
assessment of ED chest pain patients.

In the present study, our aim was to evaluate the diagnostic
accuracy of the HEART Pathway and EDACS-ADP when
combined with a 0-hour/1-hour hs-cTnT protocol, and to
compare with the original HEART score alone, for ruling out
major adverse cardiac events (MACE) within 30 days in ED chest
pain patients.

MATERIAL AND METHODS

Setting and study design

The present study was a secondary analysis of data collected in
a prospective observational study, the methods of which have
been described in detail in a previous publication.” We enrolled
consecutive chest pain patients from February 2013 to April
2014 during weekdays 09:00 to 21:00 that visited the ED of
Ské&ne University Hospital, Lund, Sweden, a tertiary care centre
with around 65000 ED visits annually. We included patients 18
years and older with a primary symptom of non-traumatic chest
pain consistent with ACS and with stable and relatively normal
vital signs (not needing immediate intervention), and where
hs-cTnT was ordered. Patients who did not speak Swedish or
English, or were unable to communicate due to for example,
dementia, were not enrolled in the study. Patients with ST-ele-
vation myocardial infarction (STEMI) were excluded from the
analysis. Patients with haemolysis in either the 0-hour or the
1-hour hs-cTnT sample were also excluded, as were those with
missing data precluding the calculation of the HEART score or
EDACS. Patients with ongoing chest pain were not excluded.

Patient and public involvement
No patient involved.

Data collection

Clinical data, blood samples and the ED physician’s assessment
of the patient history and the ECG were collected by research
assistants using a custom questionnaire. Each physician was
approached shortly after meeting the patient and assessed the
likelihood of ACS based on the patient history before receiving
blood sample results. Patient history was noted as highly, moder-
ately or slightly suspicious for ACS, in accordance with the
HEART score.

Lithium heparin tubes were used to collect blood samples for
hs-cTnT analysis and they were analysed with the Roche Cobas
€602 (Roche Diagnostics). The assay has a limit of blank of
3ng/L, a limit of detection of 5ng/L, a limit of quantification of
6ng/L and analytical range of 5-9999 ng/L with a coefficient of

variation <109 at the 99th percentile cut-off point of 14 ng/L."!
Further investigation and/or treatment were at the discretion of
the responsible physician, as in routine care.

Index tests

The HEART score consists of five elements—History, ECG,
Age, Risk Factors and Troponin (online supplemental appendix
table 1).° Each variable is given a score from 0 to 2 points,
resulting in a total maximum score of 10, with a score <4
considered as low risk. The HEART score is based on the
0-hour troponin value only. In the HEART Pathway,” however,
a HEART score <4 is combined with negative serial troponin
testing to identify low-risk patients (online supplemental
appendix table 2).

EDACS includes age, sex, risk factors and chest pain charac-
teristics, with variables scored individually (online supplemental
appendix table 3). According to the EDACS-ADR'® patients
with an EDACS score <16, a non-ischaemic ECG, and negative
serial troponins are considered low risk (online supplemental
appendix table 3).

The index tests evaluated were (1) a HEART score <4 in
combination with a 0-hour hs-cTnT <5ng/L, or a 0O-hour
hs-cTnT <12ng/L with a 1-hour change <3ng/L (hereafter
referred to as the HEART O0-hour/1-hour Pathway), (2) an
EDACS score <16 combined with a non-ischaemic ECG and
0-hour/1-hour hs-cTnT as described above (hereafter called
EDACS 0-hour/1-hour ADP) and (3) an original HEART score
<4 (using only 0-hour hs-cTnT) for comparison.

Outcomes and adjudication process

The primary outcome was MACE within 30 days. MACE
was defined as an adjudicated diagnosis of AMI, UA, ventric-
ular arrhythmia requiring intervention, third-degree AV block,
cardiogenic shock, cardiac arrest or death of a cardiac or
unknown cause. The secondary outcome was index visit AMIL.
The final diagnosis of MACE within 30 days was decided by
two independent cardiologists based on all available clinical
data within 60 days from the index visit, such as blood samples,
ECG, echocardiography, stress test and coronary angiography.
In case of disagreement, a third cardiologist reviewed the patient
case. Adjudicators were unaware of the research question in the
present study and were blinded to the study questionnaire which
contained data for calculating HEART and EDACS, as well as
the 1-hour hs-cTnT result.

AMI was diagnosed based on the universal definition requiring
signs or symptoms of acute ischaemia in combination with a
significant increase and/or decrease in hs-cTnT with at least one
value above the 99th percentile.’ In case of late presentation to
the ED, patients with elevated hs-cTnT and no significant rise
or fall could still be diagnosed with AMI, if this was deemed to
be the most likely diagnosis. A UA diagnosis was made in the
setting of normal or only slightly elevated hs-cTnT levels (from
eg, heart or kidney failure) without a significant increase and/or
decrease'” and a history consistent with UA. This was defined as
new-onset angina of Canadian Cardiovascular Society class =3,
rest angina or crescendo angina and at least one of the following;:
coronary stenosis =70% on angiography, a positive stress test
if no angiography had been performed, or new ischaemic ECG
changes in patients who did not undergo a stress test or coronary
angiography.

F01; 3the remaining MACE outcomes, standard definitions were
used.
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Patients meeting
inclusion criteria
N=1167

Excluded patients (n=228)
- STEMI n=3

- Hemolysis in hs-cTnT sample n=31
- Missing data n=216

Patients included in
the final analysis
N=939

HEART Oh/1h
Pathway Rule-out
N=468

No 30-day
MACE
N=467

30-day MACE
N=1

Figure 1

EDACS 0Oh/1h- ADP

Rule-out
N=466
30-day MACE No 30-day
Nea MACE
N=462

Patient flow chart. ADP, accelerated diagnostic pathway; EDACS, Emergency Department Assessment of Chest Pain Score; HEART, History,

ECG, Age, Risk Factors and Troponin; STEMI - ST-elevation myocardial infarction, hs-CTnT, high sensitivity cardiactroponin T; MACE, major adverse

cardiac events.

Statistical analyses
We used mean and SD to describe continuous variables, and
proportions for categorical variables. For the primary and
secondary outcomes, sensitivity, specificity, NPV and likelihood
ratios (LR) and their corresponding 95% ClIs were calculated for
the index tests. The % test was used to compare differences in
proportions, and the Mann-Whitney test was used to compare
continuous variables.

We analysed the data with IBM SPSS V.26 (IBM) and MedCalc
statistical software V.14.8.1 (MedCalc Software bvba).

RESULTS

Patient characteristics

A total of 1167 patients were eligible and enrolled in the study.
As displayed in figure 1, 939 patients were included in the final
analysis, including 299 patients (32.1%) who presented to the
ED within 3 hours of chest pain onset. As shown in table 1, the
mean age of the included patients was 61 years, 55% were men,
and 20% had a history of MI. A total of 116 (12.4%) patients
had a MACE within 30 days. Most of these cases were index visit
AMI (n=75; 64.7%) or index visit UA (n=38; 32.8%).

HEART score was <4 in 501 patients (53.4%), EDACS was
<16 in 570 patients (60.7%), and 93.3% had a non-ischaemic
ECG. Of all patients, 29.7% had a 0-hour hs-cTnT <5 ng/L, and
66.19% had a 0-hour hs-cTnT <12 ng/L with a 1-hour change of
<3ng/L.

Main results
The diagnostic accuracies of the algorithms are presented in
table 2.

The HEART 0-hour/1-hour Pathway identified 468 patients
(49.8%) as low risk with an NPV of 99.8% (98.5% to 100.0%),
a sensitivity of 99.1%, (95.3% to 99.9%) and an LR— of 0.02
(0.00 to 0.11) for 30-day MACE. This approach missed only one

patient with UA. NPV for index visit AMI was thereby 100%
(99.2% to 100%) and the sensitivity 100% (95.2% to 100.0%).

The EDACS 0-hour/1-hour ADP identified 466 patients (49.6%)
as low risk with an NPV of 99.1% (97.8% to 99.7%), a sensitivity
of 96.7% (91.4% to 99.1%) and an LR— of 0.06 (0.02 to 0.16),
missing four patients with a MACE within 30 days (one AMI, three
UA). The NPV for index visit AMI was thereby 99.8% (98.5% to
100.0%) with a sensitivity of 98.7% (92.8% to 100.0%).

The original HEART score identified 501 patients (53.49%0) as low
risk with an NPV of 98.8% (97.4 to 99.5), a sensitivity of 94.8%
(89.1 to 98.1) and LR— of 0.09 (0.04 to 0.19) for 30-day MACE,
missing six patients (four MI, one UA, one cardiac arrest). For index
visit AMI only, the HEART score had an NPV of 99.2% (98.0 to
99.7) and a sensitivity of 94.7% (86.9 to 98.5).

We also compared the performance of the HEART score or the
EDACS-ADP combined with a single hs-cTnT <5ng/L in patients
presenting <3 hours versus >3 hours after chest pain onset (online
supplemental appendix table 5). There were no significant differ-
ences in diagnostic performance between the two groups.

DISCUSSION

In this secondary analysis of a prospective observational study,
we evaluated the diagnostic accuracy of the HEART score,
the HEART Pathway and EDACS-ADP when combined with a
0-hour/1-hour hs-cTnT protocol for ruling out MACE within 30
days among ED chest pain patients. All three strategies identified
a large proportion (half) of the patients as low risk with an NPV
for 30-day MACE above 98%. They thereby identified patients
with an AMI or UA risk below the suggested 2% test threshold
where patients are more likely to be harmed than benefit from
further testing.'* Both the HEART 0-hour/1-hour Pathway and
the EDACS 0-hour/1-hour ADP also had an NPV of =99.5% for
index visit AMI, which is a threshold commonly used to define
what is acceptable for a chest pain rule-out strategy.”* However,
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Table 1 Patient characteristics
All patients HEART score <3  HEART 0-hour/1-hour Pathway rule-out EDACS 0-hour/1-hour ADP rule-
n=939 n=501 n=468 out n=466
General information
Age, years mean, SD 60.6 (17.4) 50.3 (15.5) 49.5 (15.1) 50.0 (15.4)
Gender, male 514 (54.7%) 251 (50.1%) 229 (48.9%) 195 (41.8%)
Avrrival by ambulance 386 (41.1%) 134 (26.7%) 119 (25.4%) 124 (26.6%)
History of
Myocardial infarction 188 (20.0%) 14 (2.8%) 14 (3.0%) 29 (6.2%)
Stable angina 197 (21.0%) 17 (3.4%) 14 (3.0%) 26 (5.6%)
CABG 81 (8.6%) 1(0.2%) 1(0.2%) 3(0.6%)
PCI 164 (17.5%) 18 (3.6%) 18 (3.8%) 27 (5.8%)
Diabetes mellitus type 1 or 2 134 (14.3%) 17 (3.4%) 16 (3.4%) 29 (6.2%)
Hypertension 415 (44.2%) 96 (19.2%) 82 (17.5%) 108 (23.2%)
Stroke/TIA 85 (9.1%) 2 (0.4%) 2 (0.4%) 13 (2.8%)
Other risk factors
Current smoker 122 (13.0%) 73 (14.6%) 68 (14.5%) 71 (15.2%)
Family history of CAD* 226 (24.1%) 117 (23.4%) 114 (24.4%) 127 (27.3%)
BMI, mean, SD 27.0(7.5) 26.3 (6.3) 26.3 (6.4) 26.6 (6.6)
Current medications
Aspirin/ADP inhibitor 274 (29.2%) 46 (9.2%) 41 (8.8%) 65 (13.9%)
ACE/ARB blocker 295 (31.4%) 57 (11.4%) 49 (10.5%) 69 (14.8%)
Beta blocker 288 (30.7%) 59 (11.8%) 50 (10.7%) 69 (14.8%)
Nitrates 219 (23.3%) 28 (5.6%) 27 (5.8%) 44 (9.4%)
Statins 279 (29.7%) 38 (7.6%) 35 (7.5%) 69 (14.8%)
Clinical findings
Mean systolic BP, mm Hg (SD) 145 (24.2) 141 (21.5) 140 (20.6) 141 (21.8)
Mean diastolic BP, mm Hg (SD) 85 (14.1) 85 (13.9) 85 (13.5) 86 (13.4)
ECG showing signs of acute ischaemia 63 (6.7%) 3(0.6%) 3(0.6%) 0
MACE within 30 days
Final diagnosis of index visit myocardial infarction 75 (8.0%) 4(0.8%) 0 1(0.2%)
Total MACE (including unstable angina) 116 (12.4%) 6(1.2%) 1 (0.2%) 4(0.9%)
All cause death within 30 days 4(0.4%) 1(0.2%) 0 0

Values are mean (SD) or n (%).

*Defined as close relative with AMI, angina or cardiac death before the age of 55 years.

ACS, acute coronary syndrome; ADP, accelerated diagnostic protocol; ADP inhibitor, adenosine diphosphate receptor inhibitor; ARB blocker, angiotensin Il receptor blocker; CABG,
coronary artery bypass graft; MACE, major adverse cardiovascular events; PCl, percutaneous coronary intervention; TIA, transitory ischaemic attack.

the HEART score had an NPV for index visit AMI of 99.2%.
As the average ED ACS prevalence is 13%-149%,'¢ and as all
strategies had LRs of 0.02-0.09, a low miss rate should be attain-
able in most settings, since even with a higher pretest probability,
such low LRs would result in a low post-test probability.
Although the HEART O0-hour/1-hour Pathway seemed to
miss fewer patients with 30-day MACE than the EDACS

0-hour/1-hour ADDP, this difference was not statistically signifi-
cant and hence might be due to chance alone. It should be noted
however, that only the HEART 0-hour/1-hour Pathway had both
a sensitivity >99%and an NPV of =99.5% for both 30-day
MACE and AMI.

Previous studies of the HEART Pathway have primarily used
0-hour and 3-hour troponin testing and not high sensitivity Tn

Table 2 Diagnostic accuracy of the algorithms for ruling out 30-day MACE

Sensitivity % Specificity % NPV LR-
(95%Cl) (95% ClI) (95%Cl) (95%Cl)
30-day MACE
HEART score 94.8 (89.1 t0 98.1) 60.2 (56.7 to 63.5) 98.8 (97.4 10 99.5) 0.09 (0.04 t0 0.19)

HEART 0-hour/1-hour Pathway
EDACS 0-hour/1-hour ADP

99.1 (95.3 t0 99.9)
96.7 (91.4 t0 99.1)

Index visit MI
HEART score 94.7 (86.9 to 98.5)
HEART 0-hour/1-hour Pathway 100.0 (95.2 to 100.0)
EDACS 0-hour/1-hour-ADP 98.7 (92.8 to 100.0)

56.7 (53.3 t0 60.2)
56.1 (52.7 to 59.6)

99.8 (98.5 to 100.0)
99.1(97.8 0 99.7)

0.02 (0.00 to 0.11)
0.06 (0.02 to 0.16)

57.5 (54.2 10 60.9) 99.2 (98.0 t0 99.7) 0.09 (0.04 to 0.24)
54.2 (50.8 to 57.5) 100.0 (99.2 to 100) 0.00 (0-NaN)
53.8 (50.4 t0 57.2) 99.8 (98.5 to 100.0) 0.02 (0.00 to 0.17)

ADP, accelerated diagnostic protocol; EDACS, Emergency Department Assessment of Chest Pain Score; HEART, History, ECG, Age, Risk Factors and Troponin; LR—, negative

likelihood ratio; MACE, major adverse cardiac events; NPV, negative predictive value.
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assays.” In a recent meta-analysis this approach was shown to
have an NPV of 99.2% and the authors stated that using hs-cTn
could be beneficial.'”” Our results suggest that the HEART
Pathway can be safely combined with hs-cTn 0-hour/1-hour
testing, potentially enabling faster rule-out. Our use of hs-cTnT
also seemed to increase the NPV of the original HEART score,
which has an NPV of only 97%-98% for MACE'® with previous
generation Tn assays. Our results are also in line with a meta-
analysis reporting that the original HEART score combined with
hs-cTnT had an NPV for 30-day MACE of 98.8% and an LR—
of 0.09."

The EDACS-ADP has previously been evaluated in studies
using 0-hour and 2-hour troponin testing'® and shown to be able
to safely rule-out 30-day MACE. Our study is the first to evaluate
the EDACS-ADP using hs-cTnT and 0-hour/1-hour testing, and
it confirms and extends previous findings that EDACS-ADP can
safely rule-out adverse cardiac events in ED chest pain patients.

Asopposed to our 0-hour/1-hour hs-cTnT protocol, Greenslade
et al" studied the diagnostic accuracy of the HEART Pathway
and EDACS when combined with 0-hour/2-hour hs-cTnl testing,
and their results were quite similar to ours. A HEART score <4
with 0-hour and 2-hour hs-cTnl <18 ng/L identified the same
proportion of patients for rule-out (49.8%) as in our study, with
an NPV for 30-day AMI of 99.8%. An EDACS score <16, non-
ischaemic ECG and 0-hour/2-hour hs-cTnl <18 ng/L identified
a slightly larger proportion of patients as low risk (62.5% vs
our 49.6%), with a sensitivity of 92.1% and NPV of 99.8% in
comparison to our EDACS 0-hour/1-hour ADP where the sensi-
tivity was 98.7% and NPV 99.8%.

The use of 0-hour/1-hour hs-cTnT testing alone has been
shown to be able to safely rule-out AML, but not 30-day MACE
including UA.”* This indicates that 0-hour/1-hour testing should
be combined with some form of clinical assessment. We found
that the risk of MACE including UA was very low in patients
assessed as low risk by all three strategies, which probably makes
further testing (with eg, imaging or stress tests) for ACS unneces-
sary. This confirms previous findings with the HEART Pathway,”
but is a novel finding with EDACS-ADP. Several other risk scores
for chest pain evaluation such as the Vancouver chest pain score
have also been evaluated for an outcome including UA,*' and
have identified <25% of patients for rule-out with varying miss
rates.”! In a previous study, we found that a combination algo-
rithm including patient history, ECG and 0-hour/1-hour hs-cTnT
safely ruled out 30-day MACE including UA in 60% of ED chest
pain patients.” A potential disadvantage with both this algorithm
and the HEART score is that they incorporate a subjective history
assessment, which might make some clinicians reluctant to use
them. Both the HEART score and ED physicians’ assessment of
chest pain history have been shown to have kappa values of only
>0.6 for interobserver agreement.” Although this is classified as
‘good’, it implies assessment variation between physicians which
could affect how patients are risk stratified.

The UK National Institute for Health and Care Excellence
(NICE) guidelines recommend that scores like HEART and
EDACS can be used for rule-out together with a single hs-cTnT
<5 ng/L,** regardless of the time of chest pain onset. Although
based on a limited number of events, the similar diagnostic accu-
racy in patients presenting <3 hours versus >3 hours after chest
pain onset support that a single hs-cTnT <5 ng/L together with
the HEART score or the EDACS-ADP can be used for rule-out
both in early and later presenters. These results are also in line
with the findings of the LoDED trial.*®

Our study adds to the growing body of literature supporting
the safety of the HEART Pathway and EDACS-ADP’ 1017 18 24

More importantly, it shows that these strategies can be combined
with guideline-recommended 0-hour/1-hour hs-cTnT testing,
potentially enabling faster patient disposition. Our data also
suggest that if the original HEART score is used, this should
incorporate hs-cTnT to lower MACE miss rates.

LIMITATIONS

We performed a single centre study which limits the general-
isability of our findings. However, our AMI/MACE prevalence
was similar to that in previous studies on ED chest pain patients,”
and to the reported average ED prevalence.'® Furthermore, all
strategies had an LR— <0.1 for 30-day MACE, lowering the
risk significantly and allowing safe use of the algorithms even in
settings with a higher AMI/MACE prevalence.

We included patients only during the day and not during
the night or weekends, but we have previously shown that the
patient population during nights and weekends is similar to
the included patients with regard to age, sex and prevalence of
AML.” Studies with 24 hours patient inclusion at our ED* show
similar prevalence for AMI and UA, which indicates that the
population in the present study was representative of all our ED
chest pain patients.

We excluded patients with missing data, which might cause
selection bias. However, since the baseline characteristics
between included and excluded patients were similar (online
supplemental appendix table 4), the risk for such bias is prob-
ably small.

In our comparison between patients presenting <3 hours
versus >3 hours after chest pain onset, there was no statistical
difference in the diagnostic accuracy of the algorithms (online
supplemental appendix table 5). However, this was a post-hoc
analysis and CIs were wide and these results should therefore
only be seen as hypothesis generating.

In contrast to previous studies on EDACS, patients with
ongoing chest pain or symptoms compatible with crescendo
angina were not excluded, and this might have affected the
results of the EDACS-ADP.

One could argue whether UA should be included in a
MACE outcome. We however believe this is motivated since it
is common,'? carries a significant risk of cardiac events'? and
changes management.” We also believe that since treatment for
UA may prevent other adverse events such as AMI and death,
leaving out UA in the outcome may introduce bias in an observa-
tional study such as ours.

This was a secondary analysis of data from a prospective
observational study, and definitive conclusions regarding clinical
safety are therefore not possible. However, one large before and
after implementation study has suggested that risk scores such
as EDACS are effective strategies for chest pain assessment and
that their use can safely increase early discharges.'’ Before clin-
ical implementation, our results should however be validated in
other settings, preferably in prospective multicenter studies.

CONCLUSION

The present results indicate that the combination of the HEART
Pathway or the EDACS-ADP with a 0-hour/1-hour hs-cTnT
protocol allows safe and early rule-out in a large proportion of
ED chest pain patients. In our cohort, the original HEART score
had a slightly poorer diagnostic accuracy. Prospective implemen-
tation studies analysing the effectiveness of these two algorithms
in routine care are warranted.
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HEART Score
History Highly suspicious

Moderately suspicious

Slightly or nonsuspicious 0
ECG Acute ischemia

LBBB, RBBB, LVH, PM

No signs of acute ischemia 0
Age > 65 years

45 — 65 years

<45 years 0
Risk factors > 3 risk factors, or history of atherosclerotic 2

disease

1 or 2 risk factors

No risk factors known

Troponin > 42 ng/L 2
15-42 ng/L 1
<14 ng/L

RULE-OUT REQUIRES:

HEART Score <3 points

Appendix, Table 1. HEART Score

Risk factors= Diabetes mellitus, current or recent (<30 days) smoker,
hypertension, hypercholesterolemia, and family history of coronary artery disease.
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HEART Score

History Highly suspicious 2
Moderately suspicious
Slightly or nonsuspicious

ECG Acute ischemia 2
LBBB, RBBB, LVH, PM
No signs of acute ischemia 0
Age > 65 years 2
45 - 65 years
<45 years 0
Risk factors > 3 risk factors, or history of 2
atherosclerotic disease
1 or 2 risk factors 1
No risk factors known 0
Troponin > 42 ng/L 2
15-42 ng/L
<14 ng/L 0

HEART Oh/1h PATHWAY RULE-OUT REQUIRES:

HEART Score <3 points
AND

Oh hs-cTnT < 5 ng/L,
OR

Oh hs-cTnT < 12 ng/L with a 1h increase < 3ng/ L

Appendix, Table 2. HEART Pathway

Risk factors= Diabetes mellitus, current or recent (<30 days) smoker,
hypertension, hypercholesterolemia, and family history of coronary artery disease.
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EDAC Score
Male sex
+6

Age
18-45 +2
46-50 +4
51-55 +6
56-60 +8
61-65 +10
66-70 +12
71-75 +14
76-80 +16
81-86 +18
86+ +20

Aged 18-50 years and either
known coronary artery disease'

+4
or
> 3 risk factorst
Symptoms and signs

Diaphoresis +3
Radiates to arm or shoulder +5
Pain worsened with inspiration -4
Pain is reproduced by palpation -6

EDACS Oh/1h-ADP RULE-OUT REQUIRES:

EDACS < 16 points

AND

No sign of acute ischemia on the ECG
AND

Oh hs-cTnT < 5 ng/L,

OR

Oh hs-cTnT <12 ng/L with a 1h increase < 3ng/L
Appendix, Table 3. EDACS

EDACS= Emergency Department Assessment of Chest pain Score, ADP= Accelerated Diagnostic

Nilsson T, et al. Emerg Med J 2021;0:1-6. doi: 10.1136/emermed-2020-210833



BMJ Publishing Group Limited (BMJ) disclaims al liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Emerg Med J

Protocol, hs-cTnT= high-sensitivity troponin T, ECG= electrocardiography.

|| Coronary artery disease (CAD) defined as previous acute myocardial infarction, coronary artery bypass graft
or percutaneous coronary intervention. ¥Risk factors = family history of premature CAD, dyslipidemia, diabetes,
hypertension, and current smoker.
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Patients Patients

included n=939 | excluded n=228 p-value
General information
Age, years mean, SD 60.6 (17.4) 60.4 (18.4) 0.91
Male sex 514 (54.7%) 124 (54.4%) 0.92
History of
Previous myocardial infarction 188 (20.0%) 46 (20.2%) 0.96
Previous angina 197 (21.0%) 42 (18.4%) 0.39
Previous revascularisation — CABG 81 (8.6%) 20 (8.8%) 0.94
Previous revascularization — PCl 164 (17.5%) 38 (16.7%) 0.78
Diabetes mellitus type 1 or 2 134 (14.3%) 28 (12.3%) 0.44
Hypertension 415 (44.2%) 91 (39.9%) 0.24

Appendix, Table 4. Comparison between included and excluded

patients

*Values are mean (SD) or n (%).

SD - standard deviation, CABG- coronary artery bypass graft, PCI- percutaneous coronary intervention, ADP
inhibitor- Adenosine diphosphate receptor inhibitor, ACE/ARB blocker- Angiotensin=converting enzyme
inhibitor/ Angiotensin Il receptor blocker, ECG- electrocardiogram, ACS- acute coronary syndrome, MACE-

major adverse cardiac event
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Sensitivity % NPV %
(95% CI) (95% CI)

Early presenters (<3h)

HEART score <3 and Oh hs- | 100.0 (92.0-100.0) 100.0 (95.6-100.0)

cTnT <5 ng/L, n= 83

EDACS<16 and non- 97.7 (88.0-99.9) 98.7 (91.6-99.8)

ischemic ECG and Oh hs-

cTnT <5 ng/L, n=77

Late presenters (>3h)

HEART score <3 and Oh hs- | 100.0 (94.9-100.0) 100.0 (97.9-100.0)
c¢TnT <5 ng/L, n=178

EDACS<16 and non- 97.6 (91.7-99.7) 98.9 (95.9-99.7)
ischemic ECG and Oh hs-

cTnT <5 ng/L, n= 174

Appendix, Table 5 Performance of the HEART score and the EDACS-
ADP combined with a Oh hs-cTnT <5 ng/L for ruling out 30-day MACE
in patients presenting early (<3h) vs late (>3h).

*Values are presented as proportions with 95% confidence intervals. 932 included patients, data on chest pain
onset missing in seven.

EDACS= Emergency Department Assessment of Chest pain Score
ADP= Accelerated Diagnostic Protocol

hs-cTnT=troponin T

MACE — major adverse cardiac events

Cl — confidence interval

NPV=negative predictive value
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