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Abstract

Background: The HEART Pathway is a validated protocol for risk stratifying emergency 

department (ED) patients with possible acute coronary syndrome (ACS). Its performance in 

different age groups is unknown. The objective of this study is to evaluate its safety and 

effectiveness among older adults.

Methods: A pre-planned subgroup analysis of the HEART Pathway implementation study was 

conducted. This prospective interrupted time series accrued adult ED patients with possible 

ACS who were without ST-elevation across three US sites from 11/2013–01/2016. After 

implementation, providers prospectively used the HEART Pathway to stratify patients as low-risk 

or non-low-risk. Patients were classified as older adults (≥65 years), middle-aged (46–64 years), 

and young (21–45 years). Primary safety and effectiveness outcomes were 30-day death or MI 

and hospitalization at 30 days, determined from health records, insurance claims, and death index 
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data. Fisher’s exact test compared low-risk proportions between groups. Sensitivity for 30-day 

death or MI and adjusted odds ratios (aORs) for hospitalization and objective cardiac testing were 

calculated.

Results: The HEART Pathway implementation study accrued 8474 patients, of which 26.9% 

(2281/8474) were older adults, 45.5% (3862/8474) middle-aged, and 27.5% (2331/8474) were 

young. The HEART Pathway identified 7.4% (97/1303) of older adults, 32.0% (683/2131) of 

middle-aged, and 51.4% (681/1326) of young patients as low-risk (p < 0.001). The HEART 

Pathway was 98.8% (95% CI 97.1–100) sensitive for 30-day death or MI among older adults. 

Following implementation, the rate of 30-day hospitalization was similar among older adults (aOR 

1.25, 95% CI 1.00–1.55) and cardiac testing increased (aOR 1.25, 95% CI 1.04–1.51).

Conclusion: The HEART Pathway identified fewer older adults as low-risk and did not decrease 

hospitalizations in this age group.
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INTRODUCTION

Each year 8–10 million patients visit an emergency department (ED) in the United 

States due to acute chest pain and are evaluated for acute coronary syndrome (ACS).1,2 

Although ACS occurs in <10% of ED patients with acute chest pain, nearly $10–13 

billion is spent annually on comprehensive cardiovascular evaluations, which often include 

hospital admission, serial bio-markers, and objective cardiac testing.3–7 Evaluating and 

risk stratifying patients for ACS is a high-stakes and challenging process.8–13 This is 

particularly challenging among older adults, because they are less likely to have classic 

ACS presentations.8,14–16 To help with risk stratification, accelerated diagnostic protocols 

(ADPs), such as the History, Electrocardiogram, Age, Risk factors, and Troponin Pathway 

(HEART Pathway), were developed.

The safety and effectiveness of the HEART Pathway, which is widely used across the 

United States, are well demonstrated.3,6,7 In prior studies, the HEART Pathway safely 

decreased the rate of hospitalizations, hospital length of stay, and cost among ED patients 

with acute chest pain.1–5 Furthermore, the HEART Pathway has been shown to perform 

well among key subgroups, such as women and patients of non-White race.6 However, 

there is a lack of data evaluating whether the performance of the HEART Pathway differs 

by age group. Prior studies, which demonstrate that older adults are more likely to be 

hospitalized for chest pain, are at higher risk for developing ACS, and that those with ACS 

suffer worse outcomes, suggest that differences in HEART Pathway performance may occur 

with increasing age.15,17–20 Thus, our objective was to compare the safety and effectiveness 

of the HEART Pathway among older adults, middle-aged patients, and young patients 

presenting to the ED with acute chest pain.
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METHODS

Study design

A pre-planned secondary analysis of the HEART Pathway implementation study was 

conducted. The HEART Pathway implementation study is a prospective pre-post interrupted 

time series study, which accrued ED patients with acute chest pain from 11/2013 to 

01/2016. The Wake Forest University Health Sciences Institutional Review Board approved 

the study protocol and granted a waiver of informed consent. The study was registered 

with clinicaltrials.gov (NCT02056964). The methods are previously described.3,7,21 

The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) 

guidelines helped direct the research process.22

Study setting and population

Eligible patients were accrued from EDs in three North Carolina (NC) hospitals: 

Wake Forest Baptist Medical Center (WFBMC), a tertiary-care, academic hospital with 

approximately 114,000 annual encounters; Davie Medical Center (DMC), a community 

ED with approximately 12,000 annual encounters; and Lexington Medical Center (LMC), 

a community ED with approximately 37,000 annual encounters. Patients ≥21 years of 

age who presented with symptoms concerning for ACS were accrued. Patients with 

electrocardiogram (ECG) evidence of ST-elevation myocardial infarction (STEMI) were 

excluded.

WFBMC and DMC accrued patients into the pre-implementation cohort from 11/2013 to 

10/2014 and the post-implementation cohort from 02/2015 to 01/2016. A wash-in period 

(11/2014–01/2015) allowed clinicians to train on the electronic health record (EHR) based 

HEART Pathway tool. LMC accrued patients into the pre-implementation cohort from 

01/2015 to 07/2015 and the post-implementation cohort from 08/2015–01/2016 with a 

wash-in period from 07/2015 to 08/2015. To prevent accruing repeat ED users in the 

pre-implementation cohort, patients who visited the ED with possible ACS in the year prior 

to the study were excluded (N = 523). Patients who were transferred or who had encounters 

at multiple sites were classified based on their original ED encounter location.

For this analysis patients were classified by age group. Consistent with prior HEART 

Pathway studies, patients ≥65 years old were classified as older adults, 46–64 years old as 

middle-aged, and 21–45 years old as young.3,6,7 Age was determined at the time of index 

visit and was based on the patient’s date of birth in the EHR.

Data collection

Index encounter data (from initial ED presentation to discharge from the ED, observation 

unit, or inpatient ward) were extracted from the health system’s EHR data (Clarity-Epic 

Systems Corporation, Verona, WI). Pre-validated structured EHR variables or diagnoses 

and procedure codes (CPT, ICD9, and ICD10) were used to obtain demographics, 

past medical history, cardiovascular risk factors, comorbidities, troponin results, HEART 

Pathway assessments, disposition, diagnoses, and vital status.23–27 Outcomes at 30 days 

were determined using EHR data for within-network visits, insurance claims, and the North 
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Carolina State Center for Health Statistics death index. Claims data were available on 

patients with Blue Cross Blue Shield (BCBS) of NC (the largest insurer in the state), 

MedCost, and NC Medicaid.

HEART Pathway implementation

The HEART Pathway ADP was integrated into the EHR as an interactive clinical 

decision support (CDS) tool once the pre-implementation period concluded. A best practice 

advisory (BPA) pop-up alert occurred for patients with chest pain who had at least one 

troponin ordered. This BPA directed providers to complete a HEART Pathway assessment. 

Additionally, the HEART Pathway CDS was integrated into an EHR flowsheet, enabling 

providers to manually perform a HEART Pathway assessment (without the BPA). Thus, 

HEART Pathway assessments could be completed for patients with other signs or symptoms 

concerning for ACS (such as dyspnea, nausea, or radiating pain) or prior to ordering a 

troponin.

The HEART Pathway CDS integrated the History, ECG, Age, and Risk factor (HEAR) 

score and serial troponin measurements. Providers answered flowsheet questions for 

patients without STEMI, known coronary artery disease [CAD; defined as prior myocardial 

infarction (MI), prior coronary revascularization, or known coronary stenosis ≥70%], or 

new ischemic changes (new T-wave inversions or ST-segment depressions in contiguous 

leads) to calculate a HEAR score based off the HEART Pathway trial algorithm (Impathiq 

Inc., Raleigh, NC).7 This HEAR score differs from the HEART score as the HEAR score 

use objective, binary questions instead of a subjective, gestalt-based risk assessment. The 

HEART Pathway CDS also uses serial troponins at 0 and 3 h. Serum troponin was measured 

using the ADVIA Centaur platform TnI-Ultra™ assay (Siemens, Munich, Germany) or the 

Access AccuTnI+3 assay (Beckman Coulter, Brea, CA).

Patients were classified as low-risk or non-low-risk. Low-risk patients had a non-ischemic 

ECG, no known CAD, a HEAR score ≤3, and non-elevated serial troponins and were 

deemed safe for discharge from the ED without objective cardiac testing (defined as 

stress testing, coronary computed tomography angiography [CCTA], or invasive coronary 

angiography). Non-low-risk patients had a HEAR score ≥4, an elevated troponin, known 

CAD, or ischemic ECG findings. Admission and/or objective cardiac testing were 

recommended for these patients. Figure S1 displays the HEART Pathway algorithm.

Outcomes

The primary safety outcome was the composite of all-cause death or MI within 30 

days of the index encounter. Coronary revascularization rate, a secondary endpoint, was 

defined as coronary artery bypass grafting, stent placement, or other percutaneous coronary 

intervention. Major adverse cardiac events (MACE) were evaluated as another secondary 

endpoint and defined as the composite of all-cause death, MI, or revascularization. Acute 

MI and coronary revascularization were determined using diagnosis and procedure codes 

validated by prior cardiovascular trials.23–27 Patients without 30-day data from the EHR, 

insurers, or death index were considered free of 30-day safety events for the primary 

analysis.3,7,28–30
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The primary effectiveness outcome was the rate of 30-day hospitalization from the index 

encounter. Hospitalization included inpatient admission, transfer, and observation stay 

(including index observation unit care). Secondary outcomes included the proportion of 

patients receiving objective cardiac testing within 30 days of the index encounter and the 

early discharge rate, which was defined as the proportion of patients discharged from the ED 

without objective cardiac testing.

Statistical analysis

The statistical design of the HEART Pathway implementation study is previously 

described.7,21 Patient characteristics were described by pre- and post-implementation 

cohorts within each age group. Between age groups, categorical variables were compared 

with chi-square tests and continuous variables were compared with Wilcoxon rank-sum 

tests.

Unadjusted logistic regression was used to model the relationship between pre- and post-

implementation periods and study outcomes within each subgroup. These models were 

then adjusted for potential confounders, which were selected a priori: sex, race, ethnicity, 

insurance status, enrollment site, prior known CAD, diabetes, hypertension, hyperlipidemia, 

smoking, body mass index (BMI), and the presence of chest pain versus other symptoms 

concerning for ACS. To test for significant differences in implementation between age 

groups, logistic regression models were fit using the overall population, including age by 

implementation cohort (pre vs post) interaction terms. The same potential confounders 

were included in these models. BMI was missing for 2.9% of patients, so multivariate 

imputation, with replacement by predictive mean matching utilizing all predictors and 

outcome variables, was used to create 10 datasets with complete BMI data. No other 

covariates required imputation. Logistic models were fit for each imputed dataset and results 

averaged across sets. Adjusted odds ratios (aOR) and 95% confidence intervals (95% CIs) 

were derived for each outcome.

Post-implementation, the percentage of patients identified as low-risk and non-low-risk were 

calculated within each age group to determine the sensitivity, specificity, and positive and 

negative predictive values (PPV and NPV) of the HEART Pathway for all-cause death or 

MI. Corresponding 95% exact binomial confidence intervals were computed. Positive and 

negative likelihood ratios were also computed along with 95% CIs that were calculated 

following the approach of Simel et al.31 The proportion of safety events and effectiveness 

outcomes in the low-risk post-implementation cohort were compared between ages using 

Fisher’s exact and chi-square tests. Individual components of the HEART Pathway were also 

compared between age groups using chi-square tests. Sensitivity analyses were conducted 

for older adults aged 65–75 and ≥75 years old.

RESULTS

Characteristics of the study subjects

The HEART Pathway implementation study accrued 8474 patients over 24 months. Figure 

S2 presents the participant flow diagram. The cohort was 53.6% (4541/8474) female, 
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34.0% (2884/8474) non-White, and had a median age of 54 years (IQR 44–66). Older 

adults accounted for 26.9% (978 pre- and 1303 post-implementation), middle-aged patients 

45.5% (1730 pre- and 2132 post-implementation), and young patients 27.5% (1005 pre- and 

1326 post-implementation) of the sample. Table 1 summarizes cohort characteristics by age 

group. There was no statistically significant difference in the pre- and post-implementation 

age group proportions (p = 0.25). At 30 days, death or MI occurred in 7.2% (611/8474) 

and revascularization without MI occurred in 1.0% (87/8474) of patients. The proportion 

of 30-day death or MI was similar in the pre- and post-implementation cohorts (p = 0.41). 

Table S1 describes the individual subcomponents of the HEART Pathway by age group.

Safety

The 30-day death or MI rate before and after HEART Pathway implementation was similar 

among older adults (aOR 1.31, 95% CI 0.99–1.71), middle-aged (aOR 1.23, 95% CI 0.94–

1.61), and young patients (aOR 0.96, 95% CI 0.56–1.62) (Figure 1). The interaction terms 

between HEART Pathway implementation cohort and age group (older adults vs young and 

older adults vs middle-aged) were not significant for 30-day death or MI (p = 0.27 and 

0.52, respectively). Table 2 details these aORs and interaction terms. The HEART Pathway 

identified 7.4% (97/1303) of older adults, 32.0% (683/2132) of middle-aged, and 51.4% 

(681/1326) of young patients as low-risk. Among low-risk patients, the 30-day death or 

MI rate was 2.1% (2/97, 95% CI 0.4–8.0) for older adults, 0.3% (2/683, 95% CI 0.1–1.2) 

for middle-aged, and 0.3% (2/681, 95% CI 0.1–1.4) for young patients (p = 0.09) (Table 

3). The two safety events among low-risk older adults were non-cardiac deaths: one from 

subarachnoid hemorrhage and the other after prolonged hospitalization for encephalopathy. 

Each low-risk patient safety event is described in Table S2.

The HEART Pathway achieved high sensitivity for 30-day death or MI across all groups. 

Among older adults, it was 98.8% (95% CI 97.1–100) sensitive. By comparison, the 

sensitivity among middle-aged patients was 98.6% (95% CI 96.7–100) (p = 1.0) and 94.9% 

(95% CI 88.0–100) among young patients (p = 0.17). Test characteristics of the HEART 

Pathway for each age group are summarized in Table 4.

Effectiveness

After HEART Pathway implementation, 79.4% (1035/1303) of older adults were 

hospitalized between the index visit and 30-day follow-up, compared to 76.9% (752/978) 

pre-implementation, an absolute increase of 2.5%; aOR 1.25 (95% CI 1.00–1.55). Among 

middle-aged patients, 57.9% (1235/2132) were hospitalized post-implementation versus 

65.1% (1127/1730) pre-implementation, an absolute decrease of 7.2%; aOR 0.77 (95% CI 

0.66–0.89). Post-implementation, 28.6% (379/1326) of young patients were hospitalized 

compared to 40.7% (409/1005) pre-implementation, an absolute decrease of 12.1%; aOR 

0.57 (95% CI 0.47–0.69) (Figure 1). Interaction term testing between HEART Pathway 

implementation and age group for 30-day hospitalization was significant between older 

adults versus young (p < 0.001) and older adults versus middle-aged (p < 0.001). Table 

2 provides the aORs and Table S3 provides the absolute difference in percent for each 

outcome.
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Objective cardiac testing at 30 days occurred in 37.4% (487/1303) of older adults post-

implementation compared to 33.7% (330/978) pre-implementation, an absolute increase 

of 3.6%; aOR 1.25 (95% CI 1.04–1.51). Among middle-aged patients, 36.2% (771/2132) 

received cardiac testing by 30 days post-implementation versus 40.4% (699/1730) pre-

implementation, an absolute decrease of 4.2%, aOR 0.87 (95% CI 0.75–1.00). With young 

patients, 15.4% (204/1326) received cardiac testing by 30 days post-implementation versus 

25.1% (252/1005) pre-implementation, an absolute decrease of 9.7%; aOR 0.52 (95% CI 

0.42–0.66) (Figure 1). Interaction terms between HEART Pathway implementation and 

30-day cardiac testing acquisition were significant between older adults versus young (p < 

0.001) and older adults versus middle-aged (p < 0.001) groups.

Among older adults, early discharge occurred in 20.6% (268/1303) post-implementation 

versus 22.5% (220/978) pre-implementation, an absolute decrease of 1.9%; aOR 0.84 (95% 

CI 0.67–1.05). Early discharge occurred in 40.3% (860/2132) of middle-aged patients 

post-implementation versus 33.5% (580/1730) pre-implementation, an absolute increase of 

6.8%; aOR 1.28 (95% CI 1.10–1.49). Among young patients, early discharge occurred 

in 69.2% (918/1326) post-implementation versus 58.7% (590/1005) pre-implementation, 

an absolute increase of 10.5%; aOR 1.61 (95% CI 1.33–1.95). Interaction term testing 

between HEART Pathway implementation and early ED discharge was significant between 

the older adults versus young (p < 0.001) and older adults versus middle-aged (p < 0.001) 

groups. A comparison of post-implementation 30-day effectiveness outcomes by age group 

is provided in Table S4. Sensitivity analyses examining pre- versus post-implementation 

outcomes among subgroups of older patients 65–75 and ≥75 years old did not meaningfully 

change results (Tables S5 and S6).

DISCUSSION

This subgroup analysis of the HEART Pathway implementation study contributes to the 

chest pain risk stratification literature by demonstrating the safety of the HEART Pathway 

among older adults. The HEART Pathway remained highly sensitive for 30-day death or 

MI among older adults. While 30-day hospitalization and objective cardiac testing decreased 

among young and middle-aged patients, hospitalization trended up in older adults and 

cardiac testing increased. The early discharge rate of older adults remained low before and 

after HEART Pathway implementation.

Among low-risk older adults, there were only two 30-day adverse events. On further 

review, both deaths were from non-cardiac conditions (subarachnoid hemorrhage and 

encephalopathy) that would not be expected to be detected by the HEART Pathway. Our 

a priori primary safety endpoint included all-cause death, so we report sensitivity and NPV 

based on missing these two events. All-cause mortality was chosen for this trial because our 

outcome ascertainment relied on EHR and claims data, which can make determining cause 

of death difficult. However, if we had used an endpoint of 30-day cardiac death or MI, then 

both these patients would not have been considered misses and the sensitivity and NPV of 

the HEART Pathway among older adults would have climbed to 100%.

Ashburn et al. Page 7

J Am Geriatr Soc. Author manuscript; available in PMC 2022 August 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Few older adults were identified as low-risk by the HEART Pathway. With the HEAR 

score, older adults automatically receive 2 points for age. In addition, the prevalence of 

cardiac risk factors, such as hypertension, hyperlipidemia, and diabetes is high among older 

adults.2,32–34 Thus, most older adults receive at least 1 point for risk factors. Because of this, 

it is easy for older adults to receive at least 4 points, making them non-low-risk.

While the HEART Pathway decreased hospitalization and objective cardiac testing and 

increased early discharge in the young and middle-aged cohorts, its impact on these 

outcomes differed in older adults. The HEART Pathway increased objective cardiac 

testing and had a trend toward increased hospitalizations among older adults. These 

age differences were observed in both unadjusted and adjusted analyses. Furthermore, 

our multivariable models demonstrated significant interaction terms for age by HEART 

Pathway implementation for hospitalization, early discharge, and objective cardiac testing. 

These differences were likely driven by providers following HEART Pathway care 

recommendations, which suggest observation or admission for further cardiac testing, 

including serial troponins and objective cardiac testing, in non-low-risk patients. This 

increase in testing among older adults following HEART Pathway implementation was the 

likely driver of more index MI diagnoses in the post-implementation group.

This is the first analysis to test whether the performance of an ADP for patients with 

possible ACS differs by age. In particular, the utility of tools like the HEART Pathway 

have not been assessed in older adults. Tools used for other conditions have been shown to 

perform differently in older adults. For example, Wells Criteria for pulmonary embolism is 

less sensitive in the older adult population.35 Thus, it was essential to test for age differences 

in the test performance of the HEART Pathway for key safety outcomes. This study adds 

to the literature by demonstrating that the HEART Pathway maintains high sensitivity 

among older adults. However, the performance of other chest pain tools, such as Emergency 

Department Assessment of Chest Pain Score ADP, the Troponin-only Manchester Acute 

Coronary Syndromes (T-MACS) decision aid, the High-STEACS pathway, and the European 

Society of Cardiology (ESC) 0/1-hour algorithm, is unknown in this age group.30,36–40 The 

T-MACS, High-STEACS, and the ESC 0/1-hour algorithm do not account for age in their 

risk assessments, so their performance in older adults may be quite different. Given the 

increased uncertainty when assessing older adults with chest pain, the increased morbidity 

among this age group, and the heterogenous approach in existing risk stratification methods, 

dedicated and comparative research for determining best practices in this group is needed.

Although the HEART Pathway recommends that most older adults be admitted, shared 

decision making can still play an important role in guiding disposition.41–43 Among older 

adults in the post-implementation cohort, less than 2.5% experienced non-index death or 

MI during the 30-day follow-up period. While this is above the 1% miss rate that most 

emergency providers accept, some older adults may find this level of risk acceptable and 

prefer discharge with outpatient management.11 By equipping patients with knowledge 

regarding their level of risk, emergency providers can engage in informed shared decision 

making with their older adult patients.
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This analysis has limitations. Secular trends and provider maturation effects are potential 

threats to the validity of our results. However, event rates were fairly consistent over time. 

Although this study accrued patients from three diverse sites in our region, the results 

may not be generalizable elsewhere. Despite the size of the study, only 97 older adults 

were considered low-risk, thereby increasing imprecision. Among older adults, more than 

90% were insured with Medicare or a Blue Cross advantage plan whereas more young 

and middle-aged patients were uninsured. It is possible that insurance status influenced 

cardiac testing and hospitalization among older adults. However, the multivariable models 

adjusted for insurance status. Additionally, the HEART Pathway includes age as a scoring 

component. While differences in performance among age cohorts was anticipated, this study 

aimed to report on the magnitude of differences. Using the EHR to collect events may 

have decreased event detection compared to traditional methods of follow-up. However, 

supplementing the EHR data with death index and claims data identified only 16 additional 

30-day safety events. Furthermore, high sensitivity troponin assays were not used during the 

study period.

This novel analysis of age group differences in a chest pain ADP shows that the HEART 

Pathway has high sensitivity for 30-day death or MI among older adults. However, use 

of the HEART Pathway in older adults increased objective cardiac testing and did not 

reduce hospitalizations. These findings differ from young and middle-aged patients, who 

had decreased objective cardiac testing and hospitalization rates following HEART Pathway 

implementation. In total, these data indicate that the HEART Pathway can be used to safely 

risk stratify patients across the age spectrum of adult ED patients with acute chest pain, 

but that its efficiency gains from reduced hospitalizations and objective cardiac testing are 

limited to young and middle-aged patients.
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Key points

• The safety and effectiveness of the HEART Pathway among older adults (≥65 

years old) has not been previously investigated.

• The HEART Pathway achieved high sensitivity (98.8%, 95% CI 97.1–100) 

for 30-day death or MI among older adults.

• Few older adults (7.4%) were classified as low-risk, the rate of hospitalization 

was unchanged (aOR 1.25, 95% CI 1.00–1.55), and the rate of objective 

cardiac testing increased (aOR 1.25, 95% CI 1.04–1.51).

Why does this paper matter?

Use of the HEART Pathway in older adults is safe, but it increases cardiac testing and 

does not reduce hospitalizations.
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FIGURE 1. 
Pre- versus post-implementation HEART Pathway outcomes by age group. MI, myocardial 

infarction
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