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Background: A low (0–3) History, Electrocardiogram, Age, Risk factors and Troponin (HEART) score reliably iden-
tifies ED chest pain patients who are low risk for near-term major adverse cardiac events (MACE). To optimize
sensitivity, many clinicians employ a modified HEART score by repeating troponinmeasurements and excluding
patients with abnormal troponin values or ischemic electrocardiograms (ECGs). The residual MACE risk among
patients with otherwise non-low (≥4) modified HEART scores is thus likelymuch lower than with non-low orig-
inal HEART scores.
Objective: To explore residual 60-day MACE risks among patients with non-low modified HEART scores.
Methods: Secondary analysis of a retrospective cohort of ED patients presenting with chest pain to an integrated
healthcare system between 2013 and 2015. Patients with serial troponin measurements within 6 h of ED arrival
were considered for inclusion. Exclusions included an ischemic ECG, troponin values above the 99th percentile or
a lack of continuous health plan coverage through the 60-day follow-up period. MACEwas defined as a compos-
ite of myocardial infarction, cardiac arrest, cardiogenic shock or death.
Results: There were 22,976 study eligible patients encounters, 13,521 (59%) of which had non-low (≥4)modified
HEART scores. The observed 60-day MACE risk among non-low HEART score patients was 2.0% (95% CI 1.8–2.3).
When including all coronary revascularizations (MACE-R), the risk was 4.4% (95% CI 4.1–4.4).
Conclusion: Risk of near-termMACE among patients with non-lowmodifiedHEART scores (excluding thosewith
abnormal troponin or ischemic ECGs) appears to be much lower than in the original HEART score validation
studies.

© 2020 Elsevier Inc. All rights reserved.
1. Introduction

The History, Electrocardiogram, Age, Risk factors and Troponin
(HEART) score reliably identifies emergency department (ED) patients
with possible acute coronary syndromes (ACS) who are low-risk for
near-term major adverse cardiac events (MACE). However, when ap-
plied in its original form, patients with objective signs of myocardial is-
chemia and/or injury, specifically abnormal serum troponin levels or
CG, electrocardiogram; EHR,
iogram, Age, Risk factors and
; MACE, major adverse cardiac

dical Center, Department of
, USA.
ischemic electrocardiograms (ECGs), can still register low-risk HEART
scores (e.g. 3 or less) despite the strongly positive likelihood ratios for
ACS of these individual findings [1,2]. Accordingly, many centers cur-
rently employ modified criteria (modified HEART scores or the HEART
pathway) by classifying patients with ischemic-appearing ECGs (e.g.
new T-wave inversions or ST-depressions in contiguous leads) and/or
abnormal troponin values as high-risk [3,4]. Absent this high-risk subset
of differentiated patients, the residual near-termMACE risk usingmod-
ified HEART score criteria may be considerably lower than the six-week
MACE risks of up to 16.6% and 65% for moderate (i.e. 4 to 6 points) and
high (i.e. 7 ormore points) scores in the original HEART validation stud-
ies [5]. However,MACE risk estimates for this remainder of non-low risk
patients within modified HEART score classification schemes has not
been well documented since these patients are typically aggregated
alongside those with abnormal troponin results and ischemic ECGs in
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outcome reports. This report thus aims to provide 60-dayMACE risk es-
timates for this remainder of patients with non-low modified HEART
risk scores.

2. Methods

2.1. Study setting and population

We performed a secondary analysis of a retrospective cohort of ED
patients presenting with chest pain [6]. This study was approved by
the Kaiser Permanente Northern California (KPNC) Institutional Review
Board. The cohortwas drawn from the electronic health record (EHR) of
KPNC, an integrated healthcare system inclusive of 21 medical centers.
Cohort patients were health planmembers evaluated for chest pain be-
tween 2013 and 2015 at a KPNC ED with a serum troponin I measure-
ment. For the purpose of this report, only patients with serial serum
troponin I measurements obtained within 6 h of ED arrival were in-
cluded to improve the likelihood of clinical concern for ACS.

2.2. Measurements and exclusions

HEART scoreswere calculated using a combination of demographics,
problem list diagnoses and text string searches of clinical notes and ECG
interpretations [6]. Details regarding electronic calculation of the mod-
ified HEART score are provided in the supplemental data (Appendix
A). Patients were excluded from this secondary analysis if they had ev-
idence of ischemia by ECG (as per the finalized interpretation by a car-
diologist in the EHR) or a serum troponin I value above the reference
99th percentile upper limit of normal (0.04 ng/ml, Access AccuTnI+3,
Beckman-Coulter, Brea, CA). We restricted these exclusion criteria to
the first 6 h following ED arrival so that patients with delayed objective
evidence of ACS during the initial evaluation would be counted in the
outcomes.

2.3. Outcomes

Clinical outcomes were determined from International Statistical
Classification of Diseases (ICD) codes in the first or second position,
0 (n=319) 1 (n=1404) 2 (n=3131) 3 (n=460
MI 0.0% 0.0% 0.1% 0.3%
MACE 0.0% 0.1% 0.2% 0.5%
MACE-R 0.0% 0.3% 0.4% 1.2%
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Fig. 1. Observed risks of 60-day outcomes among emergency department patients with possib
intervals for the point estimates listed in the table. Abbreviations: HEART=History, Electrocard
myocardial infarction, cardiac arrest, cardiogenic shock or death); MACE-R = MACE including
and mortality from a composite death database of internal health sys-
tem mortality statistics cross-referenced with state (California death
index) and federal (social security death index) data as previously re-
ported [6]. MACE was defined as a composite of myocardial infarction,
cardiac arrest, cardiogenic shock or all-cause mortality. Coronary revas-
cularizations (percutaneous or surgical) are reported as a composite
measure of MACE or revascularization (MACE-R). This distinction was
made due to a lack of differentiation between urgent and elective (or
non-target) coronary revascularizations in our dataset, with only the
former being typically considered a MACE. We also used a 60-day out-
come period as opposed to conventional 30-day or 6-week windows
in order to generatemore conservative risk estimates. All study patients
had continuous health plan membership during the 60-day follow-up
period allowing capture of diagnoses made both within and outside
(via reimbursement claims) the integrated healthcare system.
3. Results

149,441 patients with continuous health plan membership pre-
sented with chest pain and had a serum troponin measurement in a
KPNC ED during the study period, of which 8.0% had a 60-day MACE.
35,664 were excluded for having no troponin measured within 6 h of
ED arrival. Of the remaining 113,777 patients, 26,648 (23%) had serial
troponin I measurements within 6 h of ED arrival, of which 3672
(13.8%) had an abnormal serum troponin I level (N0.04 ng/ml) and
1617 (5.7%) had ischemic ECGs (not mutually exclusive), leaving
22,976 eligible study patients. The median age was 60.8 years, 55%
were female and 9455 (41%) had low (3 or less)modifiedHEART scores.
The median time between the first and last troponin I measurements
was 3.1 h (interquartile range 2.3 to 3.9 h).

Overall 60-day MACE and MACE-R rates among eligible study pa-
tients were 1.3% and 2.9%, respectively. Risks of myocardial infarction,
MACE and MACE-R by absolute modified HEART score are shown in
Fig. 1. When stratified into low, moderate and high risk scores, 60-day
risks of MACE and MACE-R were 0.3% (95% CI 0.2–0.5%) and 0.8% (95%
CI 0.6–1.0%) for low risk patients (score of 3 or less), 1.9% (95% CI
1.7–2.2%) and 4.1% (95% CI 3.8–4.5%) for moderate risk patents (score
of 4 to 6) and 3.2% (95% CI 2.2–4.5%) and 7.7% (95% CI 6.1–9.6%) for
1) 4 (n=5416) 5 (n=4658) 6 (n=2473) 7 (n=974)
0.6% 1.3% 2.2% 2.0%
1.1% 2.1% 3.3% 3.2%
2.6% 4.6% 6.8% 7.7%

EART score

le acute coronary syndromes by modified HEART scores. Error bars depict 95% confidence
iogram, Age, Risk factors and Troponin;MACE=Major Adverse Cardiac Event (defined as
percutaneous or surgical coronary revascularization; MI = myocardial infarction.

Image of Fig. 1


2760.e7D.G. Mark et al. / American Journal of Emergency Medicine 38 (2020) 2760.e5–2760.e8
high risk patients (score of 7). Grouping of outcomes by low (0–3) ver-
sus non-low (≥ 4) modified HEART score is shown in Table 1. Of note,
the median time to coronary revascularization absent MACE was
2 days (interquartile range 1 to 13 days), with 59% of these events oc-
curring within 3 days.

When comparing electronically calculatedmodifiedHEART scores to
manual chart abstraction of 450 charts performed by six clinicians, per-
cent agreement and unweighted kappa values were 93.1% and 0.92 for
the total modified HEART score and ranged between 94.4% and 99.1%,
and 0.77 to 0.96 for individual variables, respectively (Appendix A).
4. Discussion

We conclude that when applying a modified HEART score, the ob-
served risks of MACE among patients with moderate to high scores are
much lower than in the original HEART validation studies. This observa-
tion remained truewhen including patientswho underwent coronary re-
vascularization for any reason, yielding a MACE-R risk of 4.4% among
patients with non-low risk scores. Our findings are consistent with a con-
temporaneous U.S. cohort study from an associated but separate inte-
grated health care system [7]. After excluding patients with an ED
diagnosis of acute myocardial infarction, Sharp et al. found a similar
range of 6-week MACE-R risks (2.4% for moderate and 8.7% for high
HEART scores). Likewise in the prospective multicenter implementation
study of the HEART pathway by Mahler et al., after excluding events oc-
curring during the index hospitalization, the post-implementation 30-
day MACE-R risk was 2.6% among patients with non-low risk scores [3].
Our findings are novel in that we placed a finite time for risk adjudication
at 6 h from ED arrival and excluded patients with abnormal serum tropo-
nins or ischemic ECGs from the non-low risk subgroup, thus arguably bet-
ter representing the common clinical conundrum: ED chest pain patients
without objective evidence of ACS but in need of a disposition decision.

It is furthermore arguable that we are overestimating the risk of
emergent and/or related adverse outcomes, particularly among non-
low risk patients, for two reasons. First, a considerable proportion
(roughly 40%) of observed MACE in both this and the study by Mahler
et al. were due to all-cause mortality absent myocardial infarction,
which lessens the likelihood that ACS was causal. Second, while coro-
nary revascularizations occurred in over twice as many patients absent
MACE as compared to patients with MACE, over 40% of these occurred
beyond 3 days from the index visit, raising the possibility that these
Table 1
Utilization and outcomes among emergency department patients with possible acute cor-
onary syndromes using amodifiedHEART score criteria (e.g. normal range troponin levels
within six hours of presentation and no evidence of ischemia on electrocardiography),
stratified by low (0–3) and non-low (4–7) risk scores. Objective cardiac testing includes
electrocardiographic stress testing,myocardial perfusion imaging, computed tomographic
coronary angiography and coronary catheterization. 95% confidence intervals are reported
in parenthesis

Modified HEART score Low (0–3) Non-low (4–7)

Number of patients 9455 13,521
Index visit hospital admission (%) 2.0 9.4
Objective cardiac testing within 30 days (%) 40.6 44.6
60-day outcomes (%)

Myocardial infarction 0.2 (0.1–0.3) 1.2 (1.1–1.4)
Cardiac arrest 0.01 (0–0.06) 0.1 (0.1–0.2)
Cardiogenic shock 0.01 (0–0.06) 0.1 (0–0.1)
Death 0.2 (0.1–0.3) 0.8 (0.7–1.0)
Percutaneous coronary revascularization 0.4 (0.3–0.6) 2.7 (2.4–3.0)
Coronary artery bypass graft surgery 0.1 (0.1–0.2) 0.5 (0.4–0.6)
MACE 0.3 (0.2–0.5) 2.0 (1.8–2.3)
MACE-R 0.8 (0.6–1.0) 4.4 (4.1–4.4)

Abbreviations: HEART = History, Electrocardiogram, Age, Risk factors and Troponin;
MACE = Major Adverse Cardiac Event (defined as myocardial infarction, cardiac arrest,
cardiogenic shock or death); MACE-R=MACE including percutaneous coronary revascu-
larization or coronary artery bypass graft surgery.
revascularizations were performed electively for stable angina as op-
posed to unstable angina/ACS. If we theoretically assume that half of
these event subsets (i.e. 20% of MACE and 20% additional revasculariza-
tions) were not associated with ACS, then considering a patient with a
modified HEART score of 4, in whom the estimated MACE and MACE-
R risks are 1.1% and 2.6% in this study, a better approximation of the tra-
ditional MACE risk definition (which only includes cardiovascular
deaths and urgent coronary revascularizations) may be 2%. Thus, if ap-
plying a 1 to 2% acceptable “miss” rate following chest pain evaluations,
as recently proposed by the American College of Emergency Physicians,
only patients with modified HEART scores of 5 or greater might rou-
tinely warrant further diagnostic investigation [8].

Limitations of this report include the study setting of an integrated
health care system, which attenuates generalizability. The retrospective
derivation of HEART scores is also a potential limitation, though the ob-
served trend and relative change in risks between absolute scores are
consistent with prospective data. It is also worth noting that the largest
prospective interrater reliability study of the history and ECG interpre-
tation portions of HEART score components found onlymoderate agree-
ment (weighted kappas of 0.52 and 0.46, respectively) [9]. This is
particularly relevant to ECG interpretations in this study, which were
derived from finalized overreads by cardiologists andmay not represent
real-time ED physician interpretations. However, prior studies have
found negligible rates of missed ECG evidence of ischemia by ED physi-
cians which were subsequently identified through this quality assur-
ance process [10]. Finally, this study was limited to patients
presenting with chest pain, preventing extrapolation to patients with
atypical anginal equivalents such as isolated dyspnea. Accordingly, fur-
ther study concerning observed MACE rates for patients with non-low
modified HEART scores is warranted in a variety of settings and popula-
tions with possible ACS, including in the context of newer generation
troponin assays. Such data will provide more accurate risk estimates
to both clinicians and patients in the course of medical decisionmaking,
potentially raising the modified HEART risk score limit for which expe-
dited discharge is a mutually acceptable disposition.
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Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
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References

[1] Fanaroff AC, Rymer JA, Goldstein SA, Simel DL, Newby LK. Does this patient with
chest pain have acute coronary syndrome?: the rational clinical examination sys-
tematic review. Jama. 2015;314(18):1955–65 Epub 2015/11/10 . https://doi.
org/10.1001/jama.2015.12735. [PubMed PMID: 26547467].

[2] Backus BE, Six AJ, Kelder JC, Mast TP, van den Akker F, Mast EG, et al. Chest pain in
the emergency room: a multicenter validation of the HEART score. Crit Pathw
Cardiol. 2010;9(3):164–9 Epub 2010/08/31 . https://doi.org/10.1097/HPC.0b013
e3181ec36d8. [PubMed PMID: 20802272].

[3] Mahler SA, Lenoir KM, Wells BJ, Burke GL, Duncan PW, Case LD, et al. Safely identi-
fying emergency department patients with acute chest pain for early discharge. Cir-
culation. 2018;138(22):2456–68 Epub 2018/12/21 . https://doi.org/10.1161/
CIRCULATIONAHA.118.036528. PubMed PMID: 30571347; PubMed Central PMCID:
PMCPMC6309794.

[4] Teressa G, Bhasin V, Noack P, Poon M. Comparing the modified history, electrocar-
diogram, age, risk factors, and troponin score and coronary artery disease consor-
tium model for predicting obstructive coronary artery disease and cardiovascular
events in patients with acute chest pain. Crit Pathw Cardiol. 2019;18(3):125–9
Epub 2019/07/28 . https://doi.org/10.1097/HPC.0000000000000184. [PubMed
PMID: 31348071].
[5] Backus BE, Six AJ, Kelder JC, Bosschaert MA, Mast EG, Mosterd A, et al. A prospective
validation of the HEART score for chest pain patients at the emergency department.
Int J Cardiol. 2013;168(3):2153–8 Epub 2013/03/08 . https://doi.org/10.1016/j.
ijcard.2013.01.255. [PubMed PMID: 23465250].

[6] Mark DG, Huang J, Chettipally U, KeneMV, AndersonML, Hess EP, et al. Performance
of coronary risk scores among patients with chest pain in the emergency depart-
ment. J Am Coll Cardiol. 2018;71(6):606–16. https://doi.org/10.1016/j.jacc.2017.11.
064 PubMed PMID: 29420956.

[7] Sharp AL, Wu YL, Shen E, Redberg R, Lee MS, Ferencik M, et al. The HEART score for
suspected acute coronary syndrome in U.S. emergency departments. J Am Coll
Cardiol. 2018;72(15):1875–7 Epub 2018/10/06 . https://doi.org/10.1016/j.jacc.201
8.07.059. [PubMed PMID: 30286933; PubMed Central PMCID: PMCPMC6237086].

[8] American College of Emergency Physicians Clinical Policies Subcommittee on
Suspected Non STEACS, Tomaszewski CA, Nestler D, Shah KH, Sudhir A, Brown
MD. Clinical policy: critical issues in the evaluation and management of emergency
department patients with suspected non-ST-elevation acute coronary syndromes.
Ann Emerg Med. 2018;72(5):e65-106 Epub 2018/10/22 . https://doi.org/10.1016/j.
annemergmed.2018.07.045. [PubMed PMID: 30342745].

[9] Gershon CA, Yagapen AN, Lin A, Yanez D, Sun BC. Inter-rater reliability of the HEART
score. Academic emergency medicine: official journal of the Society for Academic
Emergency Medicine. 2019;26(5):552–5 Epub 2018/11/15 . https://doi.
org/10.1111/acem.13665. [PubMed PMID: 30428149; PubMed Central PMCID:
PMCPMC6517079].

[10] Proano L, Sucov A,Woolard R. Cardiology electrocardiogram overreads rarely influence
patient care outcome. Am J Emerg Med. 2014;32(11):1311–4 Epub 2014/09/10 .
https://doi.org/10.1016/j.ajem.2014.07.041. [PubMed PMID: 25200503].

https://doi.org/10.1016/j.ajem.2020.05.081
https://doi.org/10.1016/j.ajem.2020.05.081
https://doi.org/10.1001/jama.2015.12735
https://doi.org/10.1001/jama.2015.12735
https://doi.org/10.1097/HPC.0b013e3181ec36d8
https://doi.org/10.1097/HPC.0b013e3181ec36d8
https://doi.org/10.1161/CIRCULATIONAHA.118.036528
https://doi.org/10.1161/CIRCULATIONAHA.118.036528
https://doi.org/10.1097/HPC.0000000000000184
https://doi.org/10.1016/j.ijcard.2013.01.255
https://doi.org/10.1016/j.ijcard.2013.01.255
https://doi.org/10.1016/j.jacc.2017.11.064
https://doi.org/10.1016/j.jacc.2017.11.064
https://doi.org/10.1016/j.jacc.2018.07.059
https://doi.org/10.1016/j.jacc.2018.07.059
https://doi.org/10.1016/j.annemergmed.2018.07.045
https://doi.org/10.1016/j.annemergmed.2018.07.045
https://doi.org/10.1111/acem.13665
https://doi.org/10.1111/acem.13665
https://doi.org/10.1016/j.ajem.2014.07.041

	60-�day major adverse cardiac events in emergency department patients with non-�low modified HEART scores
	1. Introduction
	2. Methods
	2.1. Study setting and population
	2.2. Measurements and exclusions
	2.3. Outcomes

	3. Results
	4. Discussion
	Presentations
	Financial support
	Funding
	CRediT authorship contribution statement
	Declaration of competing interest
	Appendix A. Supplementary data
	References




