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Abstract

Objective: We aimed to examine the role of the HEART (history, EKG, age, risk factors, and

troponin) score in the evaluation of six clinical outcomes among three groups of patients in the

emergency department (ED).

Methods: We performed a retrospective observational study among three ED patient groups

including White, Black, and Hispanic patients. ED providers used the HEART score to assess the

need for patient hospital admission and for emergent cardiac imaging tests (CITs). HEART scores

were measured using classification accuracy rates. Performance accuracies were measured in

terms of HEART score in relation to four clinical outcomes (positive findings of CITs, ED returns,

hospital readmissions, and 30-day major adverse cardiac events [MACE]).

Results: A high classification accuracy rate (87%) was found for use of the HEART score to

determine hospital admission. HEART scores showed moderate accuracy (area under the receiv-

er operating characteristic curve 0.66–0.78) in predicting results of emergent CITs, 30-day hos-

pital readmissions, and 30-day MACE outcomes.
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Conclusions: Providers adhered to use of the HEART score to determine hospital admission.

The HEART score may be associated with emergent CIT findings, 30-day hospital readmissions,

and 30-day MACE outcomes, with no differences among White, Black, and Hispanic patient

populations.
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Introduction

The HEART (history, EKG, age, risk fac-

tors, and troponin) score was initially devel-

oped to predict short-term major adverse

cardiac events (MACE) and has been

broadly used to risk-stratify patients with

undifferentiated chest pain in the emergen-

cy department (ED).1–3 A HEART score of

0 to 3 is assigned to patients with a low risk

of acute coronary symptoms. Use of the

HEART score provides ED physicians

with guidance on the safe disposition of

patients in the ED with chest pain.4 Low-

risk patients can be directly discharged

from the ED whereas non-low-risk patients

are recommended to be admitted to the

hospital for further evaluation and treat-

ment.5,6 In recent years, with extended

use, the HEART score has been reported

as able to predict other clinical outcomes.

When patients are admitted to the hospital,

the HEART scores had been used to deter-

mine the need to perform emergent cardiac

imaging tests (CITs).7 Previous studies have

found that patients with low HEART

scores tend to have negative emergent

CITs, thereby potentially avoiding CITs in

these patients,7,8 which could result in

shortened hospitalization. Low-risk

patients also tend to have fewer ED returns

and hospital readmissions; however, the
findings are controversial in the litera-
ture.9–11 Overall, the HEART score seems
to be associated with different clinical out-
comes during different phases of chest pain
management. However, these major clinical
outcomes have mainly been studied inde-
pendently among different patient popula-
tions in previous studies. Without
simultaneous comparisons in the same
patient population, usefulness of the
HEART score for ED providers and the
performance accuracy of using HEART cri-
teria to predict clinical outcomes remain
uncertain.

Apart from this, health care disparities
persist in clinical presentation, evaluation,
and outcomes among minorities who pre-
sent to the ED with chest pain suggestive
of acute coronary syndrome.12,13 The
study ED has a mixed patient population
including White, non-White non-Black
Hispanic/Latino (hereinafter referred to as
Hispanic/Latino), and African American.
In the current literature, non-White patients
were reported to have delays in seeking
care14 and Hispanic/Latino patients are
less likely to be triaged emergently.15

Under pressurized time constraints like
emergent care settings, minority patients
with chest pain might receive a less serious
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diagnosis.16 When hospitalized, these

patients often have more stress tests

ordered, among which most test results

are normal.13,17 After discharge, Hispanic/

Latino and African American patients with

chest pain have increased odds of multiple

ED returns.18 At present, we are uncertain

as to discrepancies in using HEART score

to predict different clinical outcomes

among different ED patient populations.

Using the HEART score could potentially

minimize health care disparities among dif-

ferent patient populations in the ED with

chest pain if it is proven that there are no

differences by patient group.
It is challenging to resolve the above

uncertainties simultaneously. Clinical prac-

tice patterns also differ among clinicians,

making it harder to determine associations

based on the results of previous studies.

Therefore, it is critical to examine the clin-

ical practice patterns of using the HEART

score in different ED patient populations

(such as to assess the need for hospital

admissions and CITs) and furthermore, to

determine the performance accuracy of

using the HEART score to predict different

clinical outcomes (such as CIT findings, ED

returns, hospital readmissions, and MACE)

in one study. With the use of electronic

health records (EHR) within the same

system, it is now feasible to follow the

entire care process of each patient longitu-

dinally, from ED disposition to hospital

admission, to ED/hospital discharge, and

finally to clinical follow-up or ED/hospital

revisits. Therefore, we aimed to 1) deter-

mine the role of the HEART score in

terms of six clinical outcomes including

ED disposition, need to perform emergent

CITs, emergent CIT results, short-term ED

returns, hospital readmissions, and short-

term (30-day) MACE outcomes; and 2)

compare any associations among different

ED patient populations.

Methods

Study design and setting

This was a retrospective single-center obser-
vational study. This study was approved by
the local Institutional Review Board with a
full waiver of the requirement for informed
consent (#1541042 approved on 16 January
2020 by UNTHSC regional IRB). The
study hospital is a publicly funded tertiary
referral center, a level one trauma center,
chest pain center, and a comprehensive
stroke center. The study hospital ED has
approximately 120,000 to 130,000 patient
visits per year and chest pain is one of the
most common problems in the study ED.
Our entire health care system, including
the ED, all outpatient clinics, and in-
patient services, uses the same EHR system.

Study participants

All patients aged 18 or older who presented
to the study ED with a chief complaint of
chest pain or chest pain equivalent from 1
January 2017 to 31 December 2019 were
enrolled. We screened all patients whose
HEART score had been calculated prospec-
tively (i.e., HEART scores calculated while
patient was initially evaluated in the ED).
Owing to potential changes in the patients’
condition during their hospital stay (in the
ED or observation unit, or hospitalization),
such changes could have resulted in multi-
ple HEART scores being reported. In this
study, as we focused on HEART score use
among ED patients with chest pain, only
HEART scores assessed by ED providers
and documented in the ED notes were
used in the data analysis. We excluded
patients who 1) left the ED against medical
advice (AMA), eloped, or left without being
seen (LWBS); 2) were directly transferred to
other facilities, immediately transferred to
the heart catheterization lab, or who died
in the ED; and 3) were clearly non-cardiac
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chest pain in the final diagnoses and did not

have troponin testing during their ED visit.

Additionally, we classified patients into

four groups: White, Hispanic/Latino (non-

White non-Black Hispanic/Latino), African

American, and other. Other included Asian,

Native American, Alaska Native, Hawaiian

and other Pacific Islander, and unknown.

Patients of other ethnicities were excluded

as there was a very small number of patients

(509 patients in total) classified as other

race/ethnicity in this study ED. We

retrieved patients’ EHR data from 1

January 2017 to 1 February 2020, including

all follow-up information after patients’

index ED visit for the given study period.

Data retrieval and validation

The study health care system has been using

an EHR system since 2012. Patient EHR

data were retrieved by two assistants from

the hospital’s Information Technology (IT)

department who were trained in data man-

agement. To validate the accuracy of data

retrieval, we randomly chose 20 patient

charts and manually reviewed individual

patient EHR data, to ensure that all

reported variables were included.

Subsequent validation was performed in

triplicate for 60 patients, and all variables

correctly matched the manual evaluation.

Study variables

The basic demographics of patients includ-

ed age, sex, and ethnicity. Patient clinical

variables included patient mode of arrival

to the ED, level of acuity, insurance type,

ED disposition, and total ED length of stay

in minutes. We reported patients’ level of

acuity using the emergency severity index

(ESI) as documented by triage nurses.

Patient mode of arrival included health

care assisted (ambulance, ground/air, or

hospital-based transportation), private (pri-

vate car or other private vehicle), and other

(including ambulatory, wheelchair, taxi,
and public transportation). Patient insur-
ance included hospital sponsored (e.g.,
study hospital-sponsored health insurance
plan for low-income individuals),
Medicare, Medicaid, patients with no insur-
ance coverage (self-insured), and other
(including different commercial insurance,
Tarrant County Jail, TRICARE, Cook
Children’s, other veterans insurance, and
workers’ compensation insurance).

Outcome measures

Six clinical outcomes were measured in this
study, including (1) ED disposition, (2)
need to perform emergent CITs, (3) emer-
gent CIT results, (4) short-term ED returns,
(5) short-term hospital readmissions, and
(6) short-term (30 day) MACE outcomes.
Further definitions of the six outcome
measures are given below.

1. ED disposition: Discharge dispositions
to outside of the hospital (e.g., home,
nursing facility) or to units within the
hospital. Patient disposition was
completely determined by individual
physicians.

2. Need for emergent CITs: This outcome
is a binary variable (retrieved by an IT
person using procedure codes) that is
only applied to patients admitted to the
hospital when emergent CITs are per-
formed during the index hospitalization
for individual patients.

3. CIT results: The test result has two
values, positive and negative, derived
from the following CITs: a) cardiac
stress test to determine the risk of acute
coronary syndrome with acute cardiac
ischemia (i.e., wall motion abnormalities,
cardiac perfusion abnormalities, signifi-
cant EKG ischemic patterns during the
stress test, and others) where positive
results are often indicated as a moderate
to high risk; and/or b) reported heart
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catheterization interventions (such as
stent placement, high pressure balloon
angioplasty, balloon dilatation, throm-
bus extraction, regional medication per-
fusion, and others) or recommendation
for coronary artery bypass graft surgery
(CABG). Two individuals involved in
conducting the study, who received ade-
quate training on CIT result interpreta-
tion, independently reviewed CIT results
documented in the EHR. If discrepancies
occurred, a third person (the principal
investigator) reviewed the CIT findings
and made the final decision.

4. Short-term ED returns: A binary vari-
able that indicates whether the patient
had any ED revisits within 30 days
since the last ED or hospital discharge,
regardless of their complaints on ED
return.

5. Short-term hospital readmissions: A
binary variable that indicates whether
patients had any hospital admissions
within 30 days since their previous hos-
pital admission. The 30 days were calcu-
lated from the date of previous hospital
discharge to the date of hospital readmis-
sion, regardless of the diagnoses on hos-
pital admission.

6. Short-term MACE outcomes: A binary
variable used to indicate whether any
MACE occurred within 30 days of the
index ED/hospital discharge. MACE
refers to acute myocardial infarction
(AMI), coronary revascularization by
percutaneous coronary intervention
(PCI) with or without additional inter-
ventions, CABG, and all-cause mortali-
ty. We used the International
Classification of Disease Tenth
Revision (ICD-10) code to determine
AMI and procedure codes were used
for PCI/CABG determination.

Approximately 32% of the patients in
our data sample had no follow-up informa-
tion and because their 30-day MACE

outcomes were not observed, we manipulat-
ed the missing values in the following three
ways:

1. The relevant data of patients without
follow-up records were excluded from
the analysis for predicting MACE
outcomes.

2. All missing MACE outcome values were
indicated with a zero (0), (i.e., no major
cardiac adverse events). This could be
the best scenario because it indicates
that no MACE occurred among patients
that were not followed up.

3. Missing MACE outcome values were
imputed based on the distribution of
the outcome among patients during
follow-up, stratified by the three study
populations and the two heart risk
groups (i.e., low risk versus non-low
risk). This imputation assumed that the
likelihood of having MACE among non-
follow-up patients was similar to that
among follow-up patients in the same
population and heart risk group (see
Appendix for details).

Different methods for imputing the miss-
ing values allowed us to examine the
robustness of the prediction models.

Cardiac imaging tests (CITs)

CITs consisted of stress tests and heart
catheterizations in this study. All stress
tests and heart catheterization results were
reviewed by two independent reviewers
after they had completed training on how
to review the test reports.

Stress tests included exercise stress echo-
cardiography, dobutamine stress echocardi-
ography, pharmacologic nuclear Lexiscan
(regadenoson) examination, and nuclear
exercise stress testing with myocardial per-
fusion imaging. There are four possible
stress test results: 1) low risk of acute car-
diac ischemia, 2) moderate risk; 3) high risk;
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and 4) inconclusive (i.e., unable to complete
the test or unable to reach the ideal heart
rate). Positive stress test findings refer to
test results of moderate and high risk
(groups 2 and 3).

Heart catheterization tests have three
possible results: 1) normal with no treat-
ment or medical treatment with no inter-
vention; 2) interventions including stent
placement, high pressure balloon angioplas-
ty, dilatation, or thrombus retrieval; and 3)
no intervention but recommend consulta-
tion with cardiothoracic surgery for further
procedures (such as CABG or valve
replacement). Positive heart catheterization
findings refer to performing interventions
or a recommendation for CABG (groups
2 and 3).

Data analysis

The data analysis was focused on examin-
ing the role of the HEART score in specific
clinical outcomes among three ED patient
populations: White, Hispanic/Latino, and
African American. Descriptive analysis
was conducted including patient demo-
graphics and clinical information, as well
as the six clinical outcomes mentioned
above, among the three patient popula-
tions. The kappa statistic (jÞ was used to
determine the inter-rater variability of
reporting CIT results by independent
reviewers, with j> 0.8 indicating a high
consistency. The HEART score was used
as the single independent variable for deter-
mining associations with the six outcomes.
We used the classification accuracy rate to
determine provider adherence to use of the
HEART score for assessing the need for
hospital admission and performing CITs
once hospitalized. Rates more than 80%
indicate high levels of adherence by pro-
viders to the HEART score whereas an
accuracy rate of less than 50% indicates
low adherence. To evaluate the perfor-
mance accuracy of the HEART score in

predicting CIT results, 30-day ED returns,
hospital readmissions, and MACE, the sen-

sitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV)
were calculated for each patient group. A

HEART score of 0 to 3 indicated low risk,
and a score of 4 to 10 was considered non-

low risk. The area under the receiver oper-
ating characteristic curve (AUC) with its
95% confidence interval was used for

HEART score performance accuracy mea-
surement. AUCs of different clinical out-

comes among different patient populations
were compared using a nonparametric
approach, as addressed by DeLong et al.19

The Wilcoxon rank-sum test was used for
comparisons of nonparametric continuous
data (e.g., age, ED length of stay in

minutes). All categorical data were com-
pared using Pearson’s chi-squared test,

with p< 0.05 indicating statistical signifi-
cance. Data analysis was conducted using
Stata statistical software version 14.2

(Stata Corp, College Station, TX, USA).

Reporting guidelines

The reporting of this study conforms to the

STARD statement (STAndards for
Reporting Diagnostic accuracy studies).20

Results

Descriptive analysis

We prospectively calculated HEART scores

among 9763 patients with chest pain in the
study ED between 1 January 2017 to 31
December 2019; among them, 9419 patients

completed their ED care. In further screen-
ing, we excluded patients who were trans-

ferred directly to an emergent catherization
laboratory or other facility, patients who
died in the study ED, and those who

signed an AMA, eloped, or LWBS. Owing
to the focus of this study, we further exclud-
ed 11 patients with unknown race/ethnicity
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and 509 patients with other race/ethnicity,
as indicated in the methods section. A total
of 8899 patients were enrolled in the final
analysis (see Figure 1).

Table 1 shows the general characteristics
of the study patients. In our cohort,
Hispanic/Latino and African American
patients were slightly younger and had
more female patients compared with
White patients (age: p< 0.001; sex: p <
0.001). At ED triage, Hispanic/Latino and
African American patients were listed as
less urgent as compared with White patients

(ESI-3>ESI-2, p< 0.001). More Hispanic/
Latino patients had no health insurance
coverage (p< 0.001). Additionally, fewer
Hispanic/Latino and African American
patients were admitted to the hospital
from the ED (p< 0.001).

Classification accuracy analysis

The classification accuracy rate was mea-
sured on two clinical outcomes, hospital
admissions and performing CITs if hospital-
ized. Among patients with non-low-risk
HEART scores (4–10), we found no

difference in the rate of admission to the hos-
pital among Hispanic/Latinos in comparison
with White and African American patients
(Table 2). The classification accuracy rates
were all 87% regardless of patient popula-
tion, indicating high adherence of ED pro-
viders to using HEART score to assess
patient hospital admission. Among all
patients who were admitted to the hospital,
those with non-low-risk HEART scores were
more likely to have CITs performed during
hospitalization (p< 0.001, Table 2). Less than
5% of CITs were performed during the index
hospitalization among patients with low-risk
HEART scores, regardless of patient demo-
graphics. Low classification accuracy rates
for performing CITs were found among
White (41%), Hispanic/Latino (44%), and
African American (40%) patients, indicating
less reliance on HEART score to determine
the need for CITs.

Analysis of HEART score performance
accuracy

Four other clinical outcomes were mea-
sured in this study. Two independent

Figure 1. Study flow diagram
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assistants reviewed the CIT results, and the
kappa was high (j ¼ 0.88 on stress test
findings and j ¼ 0.91 on heart catheteriza-
tion findings), indicating a high inter-rater
agreement. A high sensitivity and NPV for
use of the HEART criteria in predicting
positive CIT findings were obtained,
regardless of patient population (patients
with low-risk HEART scores vs. non-low-
risk HEART scores, p< 0.01, Table 3).

In comparison with White and African
American patients, Hispanic/Latino
patients with low-risk HEART scores (0–
3) tended to have fewer 30-day ED returns

(p< 0.001 vs. White patients and p< 0.001
vs. African American patients). We showed
similar findings among Hispanic/Latino
patients with non-low-risk HEART scores
(p< 0.001). Interestingly, if a low-risk
HEART score (0–3) was used to predict
ED returns, poor accuracy was found (see
sensitivity, specificity, PPV, and NPV in
Table 3). In contrast, low-risk HEART
scores were better at predicting 30-day hos-
pital readmission, regardless of ED patient
population (p< 0.001 for patients with low-
risk HEART scores vs. non-low-risk
HEART scores with NPV> 90%, Table 3).

Table 1. Patients’ general characteristics

White Hispanic/Latino African American

Number of visits, n (%) 3405 (38) 2072 (23) 3422 (38)

Demographics

Age, years (median, IQR) 52 (43, 59) 48 (38, 57) 51 (41, 58)

Male sex, n (%) 1783 (52) 901 (43) 1626 (48)

Female sex, n (%) 1622 (48) 1170 (56) 1796 (52)

Sex unknown, n (%) 1 (0.1)

ED visits

Level of acuity, n (%)

ESI-1 6 (0.2) 11 (0.5) 8 (0.2)

ESI-2 1472 (43) 657 (32) 1224 (36)

ESI-3 1915 (56) 1401 (68) 2185 (64)

ESI-4 5 (0.2) 1 (0.1) 5 (0.2)

ESI-5 2 (0.1) 0 0

Unknown 5 (0.2) 2 (0.1) 0

Mode of ED arrival, n (%)

Health care assisted (air/ground ambulance) 1157 (34) 327 (16) 1012 (30)

Private vehicle 1848 (54) 1547 (75) 1953 (57)

Other 400 (12) 198 (10) 457 (13)

Type of insurance, n (%)

Hospital-sponsored insurance 881 (26) 436 (21) 781 (23)

Medicare 284 (8.3) 117 (5.7) 283 (8.3)

Medicaid 109 (3.2) 52 (2.5) 119 (3.5)

Self-insured 1000 (29) 890 (43) 885 (26)

Other 1131 (33) 577 (28) 1354 (40)

ED length of stay, minutes (median, IQR) 360 (240, 986) 340 (234, 807) 343 (234, 874)

ED disposition, n (%)

ED direct discharge 1746 (51) 1211 (58) 1866 (55)

Hospital admission 1659 (49) 861 (42) 1556 (45)

Patient follow-up, n (%) 2224 (65) 1072 (52) 2258 (66)

ED, emergency department; IQR, interquartile range; ESI, emergency severity index.
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Regarding short-term MACE outcomes,

MACE occurrences ranged from 0.2% to

1.2% in patients of different ethnicities

with chest pain. Consistently high NPV

was found, regardless of patient population

(Table 3). Additionally, MACE outcomes

were estimated under other assumptions:

1) no MACE occurring among patients

without follow-up; and 2) imputed MACE

outcomes among patients without follow-

up. Both assumptions showed no statistical-

ly significant differences among the three

patient populations studied, with consis-

tently high NPVs (Table 4). This indicates

that patients with low-risk HEART scores

had a lower risk of having short-term

MACE outcomes.
Table 5 shows the overall performance

accuracy of using HEART score to predict

the four clinical outcomes. We used the

AUC to determine the performance accura-

cy of HEART scores in predicting each out-

come, with comparisons among the three

ED patient populations. The findings

showed moderate accuracy in predicting

positive CIT findings, 30-day hospital read-

missions, and short-term MACE outcomes

(AUC> 0.65), and that the HEART score

was less valuable in predicting 30-day ED

returns (AUC< 0.6). However, no differen-

ces occurred among the different ED

patient populations with respect to using

HEART score to predict all four clinical

outcomes (p> 0.05). Similar findings

occurred when HEART score was used to

predict short-term MACE outcomes,

regardless of whether patients were missing

follow-up.

Discussion

We studied the role of the HEART score in

the association with clinical outcomes

among three ED patient populations and

found no statistical differences among

White, Hispanic/Latino, and African

American patients. We found high provider

adherence in using the HEART score to

admit patients to the hospital but less reli-

ance on the HEART score when assessing

Table 2. Comparison of classification accuracy rate using HEART score (0–3) to determine hospital
admission and cardiac imaging tests while hospitalized among emergency department patients

White Hispanic/Latino African American

Hospital admission

Low HEART score (0–3) (%) 55 (1889/3405) 66 (1374/2072) 60 (2070/3422)

Admission, n (%) 292 (15) 214 (16) 320 (15)

Discharge, n (%) 1597 (85) 1160 (84) 1750 (85)

Non-low HEART score (4–10) (%) 45 (1516/3405) 34 (698/2072) 40 (1352/3422)

Admission, n (%) 1367 (90) 647 (93) 1236 (91)

Discharge, n (%) 149 (10) 51 (7) 116 (9)

Classification accuracy rate (%) 87 (2964/3405) 87 (1807/2072) 87 (2986/3422)

Cardiac imaging tests

Low HEART Score (0–3) (%) 18 (292/1659) 25 (214/861) 21 (330/1556)

Performed, n (%) 65 (22) 57 (27) 72 (23)

Not performed, n (%) 227 (78) 157 (73) 248 (78)

Non-low HEART Score (4–10) (%) 82 (1367/1659) 75 (647/861) 79 (1236/1556)

Performed, n (%) 457 (33) 225 (35) 378 (31)

Not performed, n (%) 910 (67) 422 (65) 858 (69)

Classification accuracy rate (%) 41 (684/1659) 44 (382/861) 40 (626/1556)

HEART: history, EKG, age, risk factors, and troponin.
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the need to perform CITs while patients

were hospitalized. Comparisons of

HEART score performance accuracy

showed moderate accuracy in predicting

CIT results, short-term MACE outcomes,

and hospital 30-day readmissions, and

poor accuracy in the prediction of 30-day

ED returns. We performed these analyses to

validate the broader use of HEART scores.
The HEART score plays a very impor-

tant role throughout the entire course of

chest pain evaluation and management.

Based on the present analyses, we found

minimal health care disparities among

ethnic minorities when using the HEART

score in chest pain evaluation and manage-

ment. Our study adds empirical evidence

regarding the performance accuracy of

HEART scores in relation to different clin-

ical outcomes and comparing such out-

comes among different patient

populations, which has not been extensively

studied.
Six clinical outcomes have been com-

monly used, measured, and reported in pre-

vious chest pain studies.4,6,11 Our study not

only revealed findings similar to those

reported previously but also showed the

extended usefulness of the HEART score.

However, previous studies have neither

analyzed all clinical outcomes together nor

separated ED patients into different popu-

lations. This may be partially owing to rel-

atively unequal proportions of certain

Table 3. Comparison of performance accuracy of HEART criteria to predict clinical outcomes among
patient populations

White Hispanic/Latino African American

Predicting positive cardiac imaging findings

Low HEART score (0–3), n (%) 1 (0.1) 2 (0.2) 2 (0.1)

Non-low HEART score (4–10), n (%) 65 (4.3) 46 (6.6) 41 (3.0)

Sensitivity, % (95% CI) 98.5 (91.8, 100) 95.8 (85.7, 99.5) 95.3 (84.2, 99.4)

Specificity, % (95% CI) 56.5 (54.8, 58.2) 67.8 (65.7, 69.8) 61.2 (59.5, 62.8)

Positive predictive value, % (95% CI) 4.29 (3.32, 5.43) 6.59 (4.86, 8.69) 3.03 (2.18, 4.09)

Negative predictive value, % (95% CI) 99.9 (99.7, 100) 99.9 (99.9, 100) 99.9 (99.7, 100)

ED 30-day return

Low HEART score (0–3)

ED return, Yes, n (%) 485 (26) 172 (13) 445 (22)

Non-low HEART score (4–10)

ED return, Yes, n (%) 461 (30) 133 (19) 372 (28)

Sensitivity, % (95% CI) 48.7 (45.5, 52.0) 43.6 (38.0, 49.4) 45.5 (42.1, 49.0)

Specificity, % (95% CI) 57.1 (55.1, 59.1) 68.0 (65.8, 70.2) 62.4 (60.5, 64.2)

Positive predictive value, % (95% CI) 30.4 (28.1, 32.8) 19.1 (16.2, 22.2) 27.5 (25.1, 30.0)

Negative predictive value, % (95% CI) 74.3 (72.3, 76.3) 87.5 (85.6, 89.2) 78.5 (76.7, 80.3)

Hospital 30-day readmission

Low HEART score (0–3)

Readmission, Yes, n (%) 111 (5.9) 41 (3.0) 101 (4.9)

Non-low HEART score (4–10)

Readmission, Yes, n (%) 213 (14) 74 (11) 163 (12)

Sensitivity, % (95% CI) 65.7 (60.3, 70.9) 64.3 (54.9, 73.1) 61.7 (55.6, 67.6)

Specificity, % (95% CI) 57.7 (55.9, 59.5) 68.1 (66.0, 70.2) 62.3 (60.6, 64.0)

Positive predictive value, % (95% CI) 14.1 (12.3, 15.9) 10.6 (8.4, 13.1) 12.1 (10.4, 13.9)

Negative predictive value, % (95% CI) 94.1 (93.0, 95.1) 97.0 (96.0, 97.9) 95.1 (94.1, 96.0)

HEART: history, EKG, age, risk factors, and troponin; ED, emergency department; CI, confidence interval.
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patient populations in past studies.4,21

Fortunately, our study ED has relatively

equal proportions of different patient

groups (e.g., White, Hispanic/Latino, and

African American) and all our study

patients were managed by the same group

of ED providers, resulting in less bias. The

present study results could further imply

improved equity with use of the HEART

score criteria in different ED patient

populations.
Providers relied less on the HEART

score when determining the need to perform

CITs for patients admitted to the hospital.

This could be partly owing to different

chest pain management strategies among

health care providers. When patients are

admitted to the hospital, patient care is

transferred to in-hospital service groups

(either hospitalists or internal medicine

physicians), among whom the HEART

score might not be frequently used.

Additionally, in-hospital services might pri-

oritize the completion of chest pain man-

agement instead of assessing the need for

emergent CITs in admitted patients. Some

patients may have poor compliance with

regard to outpatient clinic follow-up, there-

by rendering clinicians unable to perform

outpatient CIT evaluations.22 Similarly,

the HEART score may have less power

to predict 30-day ED returns among

our study cohort because many risks

could affect patient short-term ED returns

such as no insurance coverage, poor educa-

tion, less income, and homelessness.23–26

The present study cohort might have

high psychosocial risk, which could poten-

tially prevent accurate prediction of ED

returns. Our findings emphasize that the

Table 4. Comparison of performance accuracy using HEART criteria to predict MACE outcomes under
three scenarios in emergency department patients

White Hispanic/Latino African American

Excluding patients with no follow-up (n¼ 5554)

Low HEART score (0–3), n (%) 14 (1.2) 5 (0.8) 5 (0.2)

Non-low HEART score (4–10), n (%) 38 (3.6) 11 (2.5) 21 (1.6)

Sensitivity, % (95% CI) 73.1 (59.0, 84.4) 68.8 (41.3, 89.0) 80.8 (60.6, 93.4)

Specificity, % (95% CI) 52.9 (50.8, 55.1) 59.5 (56.4, 62.4) 57.8 (55.7, 59.9)

Positive predictive value, % (95% CI) 3.58 (2.55, 4.89) 2.51 (1.26, 4.44) 2.18 (1.35, 3.31)

Negative predictive value, % (95% CI) 98.8 (98.0, 99.3) 99.2 (98.2, 99.7) 99.6 (99.1, 99.9)

Assuming patients without follow-up had no MACE (n¼ 8899)

Low HEART score (0–3), n (%) 14 (0.7) 5 (0.4) 5 (0.2)

Non-low HEART score (4–10), n (%) 38 (2.5) 11 (1.6) 21 (1.6)

Sensitivity, % (95% CI) 73.1 (59.0, 84.4) 68.8 (41.3, 89.0) 80.8 (60.6, 93.4)

Specificity, % (95% CI) 55.9 (54.2, 57.6) 66.6 (64.5, 68.6) 60.8 (59.1, 62.5)

Positive predictive value, % (95% CI) 2.51 (1.78, 3.42) 1.58 (0.79, 2.80) 1.55 (0.96, 2.36)

Negative predictive value, % (95% CI) 99.3 (98.8, 99.6) 99.6 (99.2, 99.9) 99.8 (99.4, 99.9)

Imputed MACE outcomes among patients without follow-up (n¼ 8899)

Low HEART score (0–3), n (%) 21 (1.1) 10 (0.7) 5 (0.2)

Non-low HEART score (4–10), n (%) 55 (3.6) 16 (2.3) 21 (1.6)

Sensitivity, % (95% CI) 72.4 (60.9, 82.0) 61.5 (41.3, 89.0) 79.5 (63.5, 90.7)

Specificity, % (95% CI) 56.1 (54.4, 57.8) 66.7 (64.6, 68.7) 61.0 (59.3, 62.6)

Positive predictive value, % (95% CI) 3.63 (2.74, 4.70) 2.29 (1.32, 3.70) 2.29 (1.56, 3.24)

Negative predictive value, % (95% CI) 98.9 (98.3, 99.3) 99.3 (98.7, 99.7) 99.6 (99.2, 99.8)

HEART: history, EKG, age, risk factors, and troponin; CI, confidence interval; MACE, major adverse cardiac events.
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HEART score may be suitable for only cer-

tain clinical outcomes.
As for health care disparities among

ethnic groups, our findings are consistent
with previous reports.13,15 Hispanic/Latino

patients with chest pain who attended the

ED tended to be younger, most were female
patients, and these patients were triaged less

urgently than other ethnic groups, resulting
in fewer hospital admissions. This might be

owing to more atypical clinical presenta-
tions among certain patient populations,

which could affect triage classification and

subsequent hospital admission.12,27,28

Previous reports show that during hospital-

ization, more Hispanic/Latino patients with
chest pain undergo cardiac stress tests, with

fewer abnormal findings.13,29 These factors

could also partially explain the relatively
lower sensitivity and specificity of predic-

tion using HEART score criteria among
Hispanic/Latino patients. Although health

care disparities exist among different ED

populations, these do not affect the overall
performance accuracy of the HEART score

with respect to different clinical outcomes.
Our findings indicate that the HEART

score is suitable for use among general ED
patient populations.

Limitations

Our study has several limitations. First, this

was a single center retrospective analysis.

Although all the data were retrieved from

the EHR system and were entered prospec-

tively, incomplete, inaccurate, or lost data

could not be completely avoided. Second,

we only enrolled patients whose HEART

scores were calculated prospectively, which

could further lead to patient selection bias.

Third, in our study population, over 30%

of patients had no follow up information;

therefore, we imputed MACE outcome

data and analyzed the study data under

three conditions (see Table 4, and

Appendix). Fourth, HEART scores were

calculated by individual ED providers; var-

iability could be present among ED pro-

viders, especially regarding some

subjective elements like patient history and

EKG interpretation. The acuity of patients

with chest pain might vary among groups

(e.g., more White patients than Hispanic/

Latino patients had ESI-2) and could be

affected by the mode of arrival to the ED

(e.g., more White than Hispanic/Latino

patients arrived via health care assisted

transportation). Patients not arriving via

Table 5. Comparison of performance accuracy using HEART score to predict clinical outcomes among
emergency department patients

Using HEART score to predict:

White

AUC (95% CI)

Hispanic/Latino

AUC (95% CI)

African American

AUC (95% CI) p value

Positive cardiac imaging tests

when admitted

0.73 (0.67, 0.80) 0.72 (0.65, 0.79) 0.73 (0.65, 0.81) 0.96

30-day ED returns 0.56 (0.54, 0.58) 0.60 (0.57, 0.63) 0.56 (0.53, 0.58) 0.08

30-day hospital readmission 0.66 (0.63, 0.69) 0.71 (0.67, 0.76) 0.68 (0.65, 0.71) 0.14

Short-term MACE (only in

patients with follow-up)

0.68 (0.61, 0.75) 0.69 (0.57, 0.81) 0.76 (0.69, 0.84) 0.28

Short-term MACE (assuming

follow-up with no MACE)

0.70 (0.64, 0.77) 0.74 (0.63, 0.85) 0.78 (0.71, 0.85) 0.26

Short-term MACE (follow-up

with imputed MACE)

0.67 (0.61, 0.73) 0.64 (0.52, 0.76) 0.71 (0.64, 0.79) 0.52

HEART: history, EKG, age, risk factors, and troponin; MACE, major adverse cardiac events, AUC, area under the receiver

operating characteristic curve; CI, confidence interval.
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health care assisted transportation may

have had lower (or higher) acuity and may

have waited longer before being evaluated

from ED providers. Because we only mea-

sured the ED HEART score without inves-

tigating dynamic HEART score changes

during patients’ ED stay, inaccuracies may

have occurred among patients with a pro-

longed waiting time. Therefore, a multi-

center prospective study is warranted to

further validate the findings of this study.

Conclusion

In patients with chest pain who were eval-

uated in the ED, providers adhered to the

HEART score to determine hospital admis-

sions but had less reliance on the HEART

score to determine the need to perform

CITs. The HEART score may be associated

with certain clinical outcomes, including

positive emergent CIT findings, 30-day hos-

pital readmission, and 30-day MACE out-

comes, with no differences among White,

Hispanic/Latino, and African American

patient populations.
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