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Abstract
Background: Despite negative troponins and nonischemic electrocardiograms (ECGs), 
patients at moderate risk for acute coronary syndrome (ACS) are frequently admitted. 
The objective of this study was to describe the major adverse cardiac event (MACE) 
rate in moderate- risk patients and how it differs based on history of coronary artery 
disease (CAD).
Methods: A secondary analysis of the HEART Pathway implementation study was 
conducted. This prospective interrupted time- series study accrued adults with pos-
sible ACS from three sites (November 2013– January 2016). This analysis excluded 
low- risk patients determined by emergency providers' HEART Pathway assessments. 
Non– low- risk patients were further classified as high risk, based on elevated troponin 
measures or ischemic ECG findings or as moderate risk, based on HEAR score ≥ 4, 
negative troponin measures, and a nonischemic ECG. Moderate- risk patients were 
then stratified by the presence or absence of prior CAD (MI, revascularization, or 
≥70% coronary stenosis). MACE (death, myocardial infarction, or revascularization) 
at 30 days was determined from health records, insurance claims, and death index 
data. MACE rates were compared among groups using a chi- square test and likelihood 
ratios (LRs) were calculated.
Results: Among 4,550 patients with HEART Pathway assessments, 24.8% 
(1,130/4,550) were high risk and 37.7% (1715/4550) were moderate risk. MACE at 
30 days occurred in 3.1% (53/1,715; 95% confidence interval [CI] = 2.3% to 4.0%) 
of moderate- risk patients. Among moderate- risk patients, MACE occurred in 7.1% 
(36/508, 95% CI = 5.1% to 9.8%) of patients with known CAD versus 1.4% (17/1,207, 
95% CI = 0.9% to 2.3%) in patients without known prior CAD (p < 0.0001). The nega-
tive LR for 30- day MACE among moderate- risk patients without prior CAD was 0.08 
(95% CI = 0.05 to 0.12).
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INTRODUC TION

Patients presenting to the emergency department (ED) with acute 
chest pain are challenging for emergency providers.1– 8 Chest pain 
evaluations are high stakes, because a missed diagnosis of acute cor-
onary syndrome (ACS) can lead to poor patient outcomes and medi-
colegal consequences.9 In addition, overly conservative approaches 
of admitting and testing patients with chest pain can lead to ED and 
hospital crowding.10,11 To address this diagnostic dilemma, recent 
multidisciplinary efforts have developed guidelines, best practices, 
and diagnostic pathways to improve care for patients with chest 
pain.12– 16 These efforts have transformed the care of patients with 
acute chest pain in the ED setting. Ten years ago, standard practice 
was to admit and stress test virtually all adult patients with chest 
pain, which was inefficient and costly.17– 19 Now, the standard of care 
is based on validated diagnostic pathways that safely identify pa-
tients who can be sent home without objective cardiac testing (OCT; 
stress testing, coronary computed tomography angiography, or in-
vasive coronary angiography).12– 14,20– 22 For example, the History, 
Electrocardiogram (ECG), Age, Risk factors, and Troponin (HEART) 
Pathway is a well- validated accelerated diagnostic protocol (ADP) 
that has been successfully implemented and has demonstrated safe 
reductions in health care utilization outcomes, such as hospitaliza-
tions, length of stay, and OCT.12,13,23

While the application of the HEART Pathway has reduced un-
needed testing and hospitalizations among low- risk chest pain pa-
tients, only 35% to 45% of patients with chest pain are determined 
to be low risk (<1% risk of 30- day death, myocardial infarction [MI], 
or coronary revascularization).12,13,23 Most of the remaining non– 
low- risk patients (55%– 65% of patients with chest pain) are admit-
ted or observed for OCT.12,13 However, <10% of these patients are 
ultimately diagnosed with ACS, the majority of which are high- risk 
patients who are rapidly diagnosed with ACS in the ED based on 
elevated initial troponin measurements or ischemic ECG changes. 
Among moderate- risk patients with elevated risk scores, but with-
out elevated troponin measures or ischemic ECG changes, multiple 
recent studies have questioned the utility of routine OCT.24– 27 The 
yield of OCT in this moderate- risk population is low and leads to in-
creased downstream invasive angiography and percutaneous coro-
nary intervention, which has no clear mortality benefit over medical 
management.28– 30

Despite low diagnostic yield of routine OCT, it remains difficult 
for emergency providers to discharge moderate- risk patients with-
out this testing. Patients at moderate risk are thought to have ad-
verse cardiac event rates that exceed 2%, which has been suggested 

as the threshold for OCT.31,32 However, recent prospective data ex-
amining actual 30- day major adverse cardiac events (MACEs: death, 
MI, or coronary revascularization) rate among moderate- risk pa-
tients is lacking. This analysis examined the MACE rate among non– 
low- risk patients and evaluated whether rates differed based on key 
clinical variables, such as ECG changes or initial troponin measures 
and prior coronary artery disease (CAD; prior MI, stents, coronary 
artery bypass surgery, or coronary stenosis ≥ 70% on catheteriza-
tion). These data will explore whether non– low- risk patients can be 
further risk stratified to identify a larger population of patients that 
could safely be discharged from the ED without OCT. The objective 
of this study was to describe the MACE rate in moderate- risk pa-
tients and how it differs based on history of CAD. We hypothesize 
that moderate- risk patients (HEAR score ≥ 4, nonischemic ECG, and 
negative initial troponin measures) with no prior CAD will have 30- 
day MACE rates below the 2% testing threshold for OCT.

METHODS

Study design and oversight

A preplanned subgroup analysis of non– low- risk patients in the 
HEART Pathway Implementation Study was conducted. A waiver 
of informed consent was used to prospectively accrue participants 
from November 2013 to January 2016. This study was registered 
with Clini calTr ials.gov (NCT02056964) and was institutional review 
board approved. Methods of the HEART Pathway Implementation 
Study, a prospective pre- post interrupted time series, have been 
previously published.12,33

Study setting and population

This study took place at three hospitals in North Carolina: Wake 
Forest Baptist Medical Center (WFBMC), with approximately 
114,000 ED visits annually; Davie Medical Center (DMC), with 
12,000 annual ED visits; and Lexington Medical Center (LMC), with 
37,000 annual ED visits. The population examined was adult pa-
tients (>21 years of age) who presented to the ED for chest pain or 
other symptoms suggestive of possible ACS. Patients with evidence 
of ST- segment elevation myocardial infarction (STEMI) on ECG were 
excluded. For this analysis we included a subset of patients who 
were found to be non– low- risk by ED providers using the HEART 
Pathway. To be considered non– low- risk patients had a History, 

Conclusion: MACE rates at 30 days were low among moderate- risk patients but were 
significantly higher among those with prior CAD.
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ECG, Age, and Risk factors (HEAR) score ≥ 4; a history of prior CAD; 
an ischemic ECG; or an elevated troponin. Patients who were identi-
fied as low risk (HEAR < 4) by the HEART Pathway were excluded 
from this analysis.

At WFBMC and DMC, participants were accrued into the pre- 
implementation (November 2013 to October 2014) or the postim-
plementation (February 2015– January 2016) cohorts. A wash- in 
period (November 2014– January 2015) was used to train provid-
ers and beta- test an electronic health record (EHR)- based HEART 
Pathway decision support tool. LMC accrued patients into the 
preimplementation (January– July 2015) and postimplementation 
cohorts (July 2015– January 2016), with a 1- month wash- in period. 
Patients entered each cohort based on the date of their initial ED 
visit; any subsequent visits for chest pain were considered recurrent 
care. To prevent accruing more ED repeat users/high utilizers (who 
often have more comorbid conditions) into the preimplementation 
cohort, patients with an ED visit for possible ACS at any site in the 
year before the study began (n = 523) were excluded. Patients trans-
ferred within the network or visiting multiple sites were classified 
based on their original ED visit. For transfers, care at the receiving 
hospital was considered part of their index encounter.

HEART Pathway risk stratification

The HEART Pathway was fully integrated into EPIC (Clarity- Epic 
Systems Corp) as an interactive clinical decision support (CDS) tool. 
For all adult patients with chest pain who had at least one troponin 
ordered in the postimplementation period, ED providers saw an 
interruptive pop- up alert for the HEART Pathway tool as a best 
practice advisory in the EHR. In addition, providers could manually 
access the HEART Pathway in patients presenting with other symp-
toms concerning for ACS (i.e., dyspnea, left arm pain, or jaw pain) or 
prior to placing a troponin order.

The HEART Pathway CDS tool prompted providers to answer 
a series of questions to prospectively risk stratify patients in real 
time. Patients with known CAD or acute ischemic changes on ECG 
(e.g., new T- wave inversions or ST- segment depression in contigu-
ous leads) were immediately classified as non– low risk and no HEAR 
score assessment was conducted in these patients. Among patients 
without STEMI, known CAD, or acute ischemic ECG changes, pro-
viders answered additional flow sheet questions to determine a 
HEAR score based on the HEART Pathway trial algorithm (Impathiq 
Inc.).32– 36 The HEART Pathway risk assessment was automatically 

F I G U R E  1  The patient flow diagram. ACS, acute coronary syndrome; CAD, coronary artery disease; EHR, electronic health record; MI, 
myocardial infarction; NCDI, North Carolina Death Index
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calculated based on the HEAR score combined with 0-  and 3- h tro-
ponin measures. Patients with HEAR scores < 4 without elevated 
troponin measures were classified as low risk and recommended for 
discharge from the ED without OCT. Patients with a HEAR score 
of ≥4, an elevated troponin, known CAD, or ischemic ECG changes 
were classified as non– low risk and designated for further testing 
and/or admission (Figure 1). Serum troponin was measured using 
the ADVIA Centaur platform TnI- Ultra assay (Siemens) or the Access 
AccuTnI+3 assay (Beckman Coulter).

Data collection

As previously described, the health system EHR (Clarity- Epic 
Systems Corp.) was examined for the index encounter for the pa-
tient. Patient demographics, comorbidities, troponin results, HEART 

Pathway assessments, dispositions, diagnoses, and vital status were 
obtained using prevalidated structured EHR variables or diagnoses 
and procedure codes (CPT, ICD9, and ICD10).34– 38 The EHR was the 
primary outcomes data source. EHR data were supplemented with 
insurers' claims and state death index data for events occurring out-
side of network. Claims data were available on patients insured by 
Blue Cross Blue Shield of North Carolina (the dominant insurer in 
North Carolina), MedCost, and North Carolina Medicaid. The North 
Carolina State Center for Health Statistics death index was also used.

Outcomes

The primary outcome was 30- day MACE, defined as the compos-
ite of all- cause death, MI, or coronary revascularization. Individual 
components of the MACE composite at the index visit and over 

TA B L E  1  Cohort demographics

Patient characteristics High risk, n = 1,130 (%)
Moderate risk, 
n = 1,715 (%)

Moderate risk with CAD, 
n = 508 (%)

Moderate risk without 
CAD, n = 1,207 (%)

Age (years), mean (±SD) 60.9 (±15.0) 61.4 (±12.3) 64.1 (±12.2) 60.2 (±12.2)

Sex

Women 500 (44.2) 950 (55.4) 202 (39.8) 748 (62.0)

Race

White 732 (64.8) 1,219 (71.1) 403 (79.3) 816 (67.6)

Black 363 (32.1) 428 (25.0) 92 (18.1) 336 (27.8)

Other 35 (3.1) 68 (4.0) 13 (2.6) 55 (4.6)

Ethnicity

Hispanic or Latino 34 (3.0) 53 (3.1) 7 (1.4) 46 (3.8)

Site

WFBMC 929 (82.2) 1,390 (81.0) 427 (84.1) 963 (79.8)

DMC 78 (6.9) 149 (8.7) 34 (6.7) 115 (9.5)

LMC 123 (10.9) 176 (10.3) 47 (9.3) 129 (10.7)

Insurance status

Private 259 (22.9) 412 (24.0) 98 (19.3) 314 (26.0)

Medicaid 145 (12.8) 183 (10.7) 54 (10.6) 129 (10.7)

Medicare 520 (46.0) 797 (46.5) 276 (54.3) 521 (43.2)

Other insurance 72 (6.4) 133 (7.8) 34 (6.7) 99 (8.2)

Self- pay/uninsured 134 (11.9) 190 (11.1) 46 (9.1) 144 (11.9)

Risk factors

Hypertension 917 (81.2) 1,373 (80.1) 455 (89.6) 918 (76.1)

Smoking 757 (67.0) 1,066 (62.2) 368 (72.4) 698 (57.8)

BMI > 30 kg/m2 510 (45.6) 886 (53.0) 229 (45.8) 657 (56.1)

Hyperlipidemia 655 (58.0) 1,031 (60.1) 338 (76.4) 643 (53.3)

Known CAD 252 (36.1) 508 (29.6) 508 (100) 0 (0)

Diabetes 465 (41.2) 630 (36.7) 211 (41.5) 419 (34.7)

Cerebrovascular disease 210 (18.6) 276 (16.1) 110 (21.7) 166 (13.8)

PVD 262 (23.2) 266 (15.5) 127 (25.0) 139 (11.5)

Abbreviations: BMI, body mass index; CAD, coronary artery disease; DMC, Davie Medical Center; LMC, Lexington Medical Center; PVD, peripheral 
vascular disease; WFBMC, Wake Forest Baptist Medical Center.
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30 days were secondary outcomes. Additional secondary outcomes 
included 30- day hospitalization, OCT, and early discharge (patients 
discharged from the ED without OCT) rates. Acute MI and coronary 
revascularization were determined using diagnosis and procedure 
codes validated by prior cardiovascular trials.34– 38 Coronary revas-
cularization rate, a secondary endpoint, was defined as coronary 
artery bypass grafting, stent placement, or other percutaneous cor-
onary intervention.

Data analysis

Statistical design for the overall study was described previously.13,33 
Patients identified as non– low risk by the HEART Pathway were 
further classified into two groups on the basis of initial troponin 
measures and ECG: “high- risk” patients had an elevated 0-  or 3- h 
troponin measure or an ischemic ECG while “moderate- risk” pa-
tients had two negative troponin measures and a nonischemic ECG. 
Moderate- risk patients were further subdivided by the presence or 

absence of CAD (moderate risk with known CAD and moderate risk 
without prior CAD). Sensitivities, specificities, negative and positive 
predictive values (NPV and PPV), and negative and positive likeli-
hood ratios (−LR and + LR) for 30- day MACE were calculated for 
moderate risk compared to high risk, moderate risk with CAD com-
pared to high risk, and moderate risk without CAD compared to the 
composite of moderate risk with CAD and high risk. Exact binomial 
95% confidence intervals (CIs) were calculated for sensitivity, speci-
ficity, NPV, and PPV. For −LRs and + LRs, 95% CIs were calculated 
using the approach described in Simel et al.39 Safety outcome pro-
portions were compared between groups using chi- square tests, and 
95% CIs were computed for the difference in proportions. To ad-
just for potential confounders, multiple logistic regression was used 
to model the outcomes by patient cohort, using sex, race, and age 
as covariates. These variables were selected based on clinical ex-
perience and previous disparities work using data from the HEART 
Pathway Implementation Study. If the number of events precluded 
full adjustment, age was prioritized for inclusion, followed by sex and 
then race. Model assumptions were evaluated using residual plots 

TA B L E  2  Safety outcome frequencies of non– low- risk patients grouped by troponin levels, ECG, and CAD

Safety outcomes High risk, n = 1130 (%)
Moderate risk, n = 1715 
(%)

Moderate risk with CAD, 
n = 508 (%)

Moderate risk without 
CAD, n = 1,207 (%)

Index visit

Death 12 (1.1) 1 (0.1) 1 (0.2) 0 (0)

MI 357 (31.6) 15 (0.9) 12 (2.4) 3 (0.2)

Revascularization 145 (12.8) 29 (1.7) 19 (3.7) 10 (0.8)

Death + MI 364 (32.2) 16 (0.9) 13 (2.6) 3 (0.2)

MACE 373 (33.0) 40 (2.3) 29 (5.7) 11 (0.9)

30- day follow- up period

Death 17 (1.5) 6 (0.3) 2 (0.4) 4 (0.3)

MI 29 (2.6) 1 (0.1) 1 (0.2) 0 (0)

Revascularization 33 (2.9) 8 (0.5) 6 (1.2) 2 (0.2)

Death + MI 44 (3.9) 7 (0.4) 3 (0.6) 4 (0.3)

MACE 66 (5.8) 14 (0.8) 8 (1.6) 6 (0.5)

30- day (index + follow- up)

Death 29 (2.6) 7 (0.4) 3 (0.6) 4 (0.3)

MI 364 (32.2) 16 (0.9) 13 (2.6) 3 (0.2)

Revascularization 175 (15.5) 37 (2.2) 25 (4.9) 12 (1.0)

Death + MI 382 (33.8) 23 (1.3) 16 (3.1) 7 (0.6)

MACE 397 (35.1) 53 (3.1) 36 (7.1) 17 (1.4)

Utilization outcomes

Index

Hospitalization 1.036 (91.7) 1.385 (80.8) 430 (84.6) 955 (79.1)

Objective cardiac testing 455 (40.3) 889 (51.8) 211 (41.5) 678 (56.2)

Early discharge 71 (6.3) 305 (17.8) 74 (14.6) 231 (19.1)

30 day (index + follow- up)

Hospitalization 1,050 (92.9) 1,400 (81.6) 432 (85.0) 968 (80.2)

Objective cardiac testing 511 (45.2) 942 (54.9) 232 (45.6) 710 (58.8)

Abbreviations: CAD, coronary artery disease; MACE, major adverse cardiac event; MI, myocardial infarction.
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and model fit was evaluated using Brier scores, area under the curve, 
and Hosmer- Lemeshow goodness- of- fit tests. Unadjusted and ad-
justed odds ratios (aOR) and corresponding 95% CIs were computed.

RESULTS

During the study period, 4,550 patients had a complete HEART 
Pathway assessment. Among these, 62.5% (2,845/4,550) were non– 
low risk, with 24.8% (1,130/4,550) high risk (with a positive troponin 
or an ischemic ECG) and 37.7% (1,715/4,550) moderate risk (with a 
nonischemic ECG and negative serial troponin measures). As shown 
in Table 1, 55.4% of moderate- risk patients were female (950/1,715) 
and 25.0% (428/1715) were Black, compared to 44.2% (500/1,130) 
female and 32.1% (363/1,130) Black in the high- risk group. The 
mean (±SD) age was 61.4 (±12.3) years for moderate- risk patients 
and 60.9 (±15.0) years for high- risk patients. Among moderate- risk 
patients, known CAD was present in 29.6% (508/1,715), leaving 
70.4% (1207/1715) without CAD. The patient flow diagram for this 
analysis is presented in Figure 1.

The incidence of MACE at 30 days (Table 2) in high- risk pa-
tients was 35.1% (397/1,130) compared to 3.1% (53/1715) among 
moderate- risk patients (p < 0.0001). However, moderate- risk pat-
ents with CAD had an incidence of 30- day MACE of 7.1% (36/508) 
compared to 1.4% (17/1207) for moderate risk without CAD 
(p < 0.0001). The NPV and −LR for 30- day MACE for moderate risk 

without CAD patients compared to the composite of moderate risk 
with CAD and high risk were 98.6% (95% CI = 97.9 to 99.3) and 0.08 
(95% CI = 0.05 to 0.12), respectively. Test characteristics for mod-
erate risk, moderate risk with CAD, and moderate risk without CAD 
are summarized in Tables 3.

Among moderate- risk patients with no known history of CAD 
there were four deaths, three MIs, and 10 revascularizations 
without MI at 30 days. Among the four deaths, two clearly were 
from noncardiovascular causes. Three patients experienced MI. 
However, upon further chart review, two of these had improp-
erly calculated HEART Pathway assessments owing to their se-
rial troponins being drawn too early. Had they been appropriately 
collected, the HEART Pathway would likely have ruled- in these 
patients for acute MI. Finally, among the 10 patients who experi-
enced revascularization without MI, one patient's HEART Pathway 
assessment was incorrect as his history of CAD (previous MI) was 
overlooked by the scoring provider. Table S1 describes MACE 
events among moderate- risk patients with and without known 
CAD in detail.

Among all patients in this analysis, 30- day MACE was least likely 
to occur in the moderate risk without CAD group (aOR = 0.04, 95% 
CI = 0.03 to 0.07). Among all moderate- risk patients, 30- day MACE 
was more likely in those with a history of CAD compared to those 
without CAD (aOR = 4.19, 95% CI = 2.30 to 7.90). The presence of an 
elevated troponin or an ischemic ECG was strongly associated with 
30- day MACE (aOR = 18.05, 95% CI = 13.43 to 24.72).

TA B L E  3  Test characteristics for MACE from index visit through 30 days

30- day MACE

Patient category Yes (n) No (n) Total

High risk
— Elevated troponin
or
— Ischemic ECG

397 733 1130

Moderate risk
— Negative troponins
and
— Nonischemic ECG

53 1662 1715

With CAD 36 472 508

Without CAD 17 1190 1207

Total 450 2395 2845

Patient category Sensitivity Specificity PPV NPV +LR −LR

Moderate riska 88.2
(85.2– 91.2)

69.4
(67.6– 71.2)

3.5
(3.2– 3.8)

96.9
(96.1– 97.7)

2.88
(2.69– 3.09)

0.17
(0.13– 0.22)

Moderate risk with CADa 91.7
(89.1– 94.3)

39.2
(35.4– 41.9)

35.1
(32.4– 37.9)

92.9
(90.7– 95.1)

1.51
(1.43– 1.59)

0.21
(0.15– 0.29)

Moderate risk without CADb 96.2
(94.5– 98)

49.7
(47.7– 51.7)

26.4
(24.3– 28.6)

98.6
(97.9– 99.3)

1.91
(1.83– 2.0)

0.08
(0.05– 0.12)

Note: Data are reported as % (95% CI).
Abbreviations: CAD, coronary artery disease; ECG, electrocardiogram; LR, likelihood ratio; MACE, major adverse cardiovascular event; NPV, negative 
predictive value; PPV, positive predictive value.
aComparison group: high risk.
bComparison group: high risk + moderate risk with CAD.
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The association between an elevated troponin or an ischemic 
ECG with 30- day MACE was still significant even if we were to rule 
out the moderate- risk– no- CAD group (aOR = 8.98, 95% CI = 6.29 
to 13.18). Adjusted safety outcome comparisons among non– low- 
risk groups are summarized in Table 4. Unadjusted comparisons are 
included in Table S2. Table S3 presents absolute percentage differ-
ences in safety outcomes between non– low- risk groups.

DISCUSSION

This secondary analysis demonstrates that among non– low- risk pa-
tients, those at moderate risk with a HEAR score of ≥4, nonischemic 
ECG, and negative serial troponin measures have low 30- day MACE 
rates. However, MACE rates among moderate- risk patients with a 
history of prior CAD were significantly higher. Thus, the key finding 

TABLE  4 Safety outcome comparisons between non– low- risk groups

Outcomes
High risk vs. 
moderate risk

High risk vs. 
moderate risk with 
CAD

Moderate risk with CAD vs. 
moderate risk without CAD

Moderate risk without CAD vs. high 
risk + moderate risk with CAD

Index visit

Death 18.40a

(3.62– 335.41)
5.44a

(1.07– 99.28)
NA NA

MI 55.44
(33.97– 97.98)

23.15
(13.04– 44.13)

9.71a

(3.07– 42.75)
0.01
(0– 0.02)

Revascularization 8.70
(5.86– 13.37)

4.70
(2.93– 7.96)

4.34b

(2.03– 9.84)
0.09
(0.04– 0.15)

Death + MI 53.51
(33.22– 92.82)

22.07
(13.01– 40.99)

10.54a

(3.38– 46.12)
0.009
(0– 0.02)

MACE 21.78
(15.67– 31.07)

10.00
(6.81– 15.25)

5.13
(2.53– 11.09)

0.03
(0.02– 0.05)

30- day follow- up period

Death 3.71b

(1.52– 10.41)
3.86a

(1.10– 24.43)
NA 0.37b

(0.11– 1.01)

MI 44.85b

(9.91– 799.81)
13.44c

(2.85– 240.20)
NA NA

Revascularization 5.92
(2.85– 13.90)

2.98
(1.32– 7.99)

NA 0.09
(0.01– 0.28)

Death + MI 9.39
(4.47– 22.97)

7.91
(2.86– 32.83)

NA 0.14
(0.0– 0.34)

MACE 7.13
(4.09– 13.34)

4.58
(2.30– 10.46)

3.20a

(1.11– 9.77)
0.13
(0.05– 0.28)

30- day (index + follow- up)

Death 5.45c

(2.48– 13.69)
4.85c

(1.70– 20.40)
NA 0.23c

(0.07– 0.60)

MI 53.29
(33.08– 92.44)

21.98
(12.95– 40.82)

10.54a

(3.38– 46.12)
0.01
(0– 0.02)

Revascularization 8.46
(5.92– 12.40)

4.47
(2.93– 7.10)

3.76
(1.85– 8.03)

0.08
(0.04– 0.14)

Death + MI 40.13
(26.63– 63.54)

19.64
(12.08– 34.31)

4.74b

(2.00– 12.47)
0.02
(0.01– 0.04)

MACE 18.05
(13.43– 24.72)

8.98
(6.29– 13.18)

4.19
(2.30– 7.90)

0.04
(0.03– 0.07)

Note: Data are reported as adjustedd OR (95% CI). Hosmer- Lemeshow goodness- of- fit test p- value >0.05 for all models. All Brier scores were ≤0.10 
for high versus moderate risk, ≤0.17 for high risk versus moderate risk with CAD, ≤0.02 for moderate with CAD versus moderate without CAD, and 
≤0.12 for moderate without CAD versus all else. All models had area under the curve (AUC) > 0.70 except for the 30- day MACE model (not inclusive 
of index events) between the moderate risk with CAD versus moderate rish without CAD groups (AUC = 0.64). NA, regression model not calculated 
due to small sample size.
Abbreviations: CAD, coronary artery disease; MI, myocardial infarction; MACE, major adverse cardiac event.
aUnadjusted due to small sample size.
bOnly adjusted for age due to small sample size.
cOnly adjusted for age and sex due to small sample size.
dAdjusted for age, sex, and race.
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of this analysis is that moderate risk patients without a history of 
CAD have a very low 30- day MACE rate with a −LR of 0.08. This 
−LR meets the 0.10 threshold typically cited for clinical utility of a 
rule- out test. These findings suggest that additional testing in these 
patients, such as stress testing, may be unnecessary.

Multiple studies, including prior HEART Pathway trials, have ex-
amined the evaluation and treatment of low- risk chest pain patients. 
The HEART Pathway is able to safely identify low- risk patients for 
early discharge without OCT.14,15,20 Other tools such as EDACS 
and T- MACS also identify low- risk patients with acute chest pain 
for early discharge.12,13,17– 19 However, few studies have addressed 
whether additional patients who are classified as non– low- risk by a 
risk score or pathway can be identified for safe, early discharge from 
the ED without OCT.

Safely evaluating and dispositioning moderate- risk chest 
pain patients challenges emergency providers every shift. 
Traditionally, most of these patients are admitted to the hospital 
or to an observation unit for OCT.24– 27 However, recent studies 
have called into question routine OCT evaluations and hospital-
izations for patients without ischemic ECGs or elevated troponin 
measures.24,38– 43 Routine in- hospital chest pain evaluations for 
moderate- risk patients have a low diagnostic yield and are asso-
ciated with iatrogenic risks from false- positive testing, radiation 
exposure, and anxiety without evidence for improved clinical out-
comes.24,40– 45 This study highlights the low frequency of MACE 
in patients without an ischemic ECG, elevated troponin, or known 
CAD and calls into question the need for routine OCT in these 
patients prior to discharge.

This study may expand the early discharge boundaries of the 
HEART Pathway by suggesting that most moderate- risk patients 
can safely be evaluated and dispositioned without OCT. The 30- 
day MACE rate for moderate risk patients with no known CAD was 
1.4% (17/1,207). This is below the 2% pretest probability thresh-
old, which has been suggested for determining whether OCT is in-
dicated.31,32 On the other hand, missing MACE in 1.4% of patients 
is above what most physicians find acceptable.28– 30 However, 
closer inspection of the 17 MACE events among moderate- risk 
patients without known CAD demonstrated that at least two of 
the four deaths were clearly due to noncardiac causes and two 
of the three missed MIs were due to serial troponin protocol vi-
olations. In addition, one missed revascularization event was due 
to an inaccurate HEART Pathway assessment by the treating pro-
vider. Furthermore, 10 of the 12 revascularization events were 
among patients without acute MI. Revascularization events among 
patients without evidence of MI are of questionable significance 
as revascularization has not been shown to improve outcomes in 
these patients compared to medical management.45– 50 Finally, it 
is likely that with high- sensitivity assays, the MACE rate among 
non– low- risk patients with negative troponin measures would be 
even smaller.

Another key finding in this analysis is the importance of known 
CAD in predicting 30- day MACE even among patients with initial 

negative troponin measures and nonischemic ECGs. The 7.1% 30- 
day MACE rate among moderate- risk patients with a history of 
CAD was much higher than those without known CAD. This find-
ing suggests that ED providers need to be cautious in the evalu-
ation of patients with prior CAD, even in the absence of ischemic 
ECG findings or elevated troponin measures. Our findings agree 
with prior studies that have demonstrated that prior CAD confers 
a higher downstream risk of MACE.46– 51 Furthermore, our find-
ings may be important in light of newer high- sensitivity troponin- 
based pathways, such as the European Society of Cardiology 0/1- h 
algorithm, which do not differentiate between patients with and 
without prior CAD.52

LIMITATIONS

This secondary analysis, which includes a subgroup of patients 
from the HEART Pathway Implementation Study, has several limi-
tations. Although this was a multisite study, our findings may not 
be generalizable to all ED settings. Additionally, the EHR and in-
surance claims data were used to determine events, possible de-
creasing detection. Finally, this study did not use high- sensitivity 
troponin assays.

CONCLUSION

This study indicates that moderate- risk patients (History, ECG, 
Age, and Risk factors score ≥ 4; nonischemic electrocardiogram; 
and negative serial troponin measures) with no prior coronary ar-
tery disease have a low 30- day major adverse cardiac events rate. 
However, patients with a history of coronary artery disease are 
at higher risk for adverse events, even in the absence of elevated 
troponins or acute ischemic electrocardiogram changes. These 
data suggest that routine objective cardiac testing may not be in-
dicated in moderate- risk patients without a history of coronary 
artery disease. Prospective research evaluating the safety and 
efficacy of avoiding hospitalization and objective cardiac testing 
among moderate- risk patients without prior coronary artery dis-
ease is needed.
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