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Abstract

Objective: To describe the association of implementing a HEART care pathway on use of
hospital care and non-invasive stress testing as well as 30-day patient outcomes in community
emergency departments (EDs).

Methods: We performed a prospective interrupted time series study of adult encounters for
patients evaluated for suspected acute coronary syndrome (ACS). The primary outcome was
hospitalization/observation, non-invasive stress testing, or both within 30 days. The secondary
outcome was 30-day all-cause mortality or acute myocardial infarction. A generalized estimating
equation segmented logistic regression model was used to compare the odds of the primary
outcome pre- and post-HEART implementation. All models were adjusted for patient and facility
characteristics and fit using physicians as a clustering variable.
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65,393 ED encounters (Pre: 30,522 and Post: 34,871) were included in the study.

Overall 33.5% (Pre: 35.5% and Post: 31.8%) of ED chest pain encounters resulted in
hospitalization/observation, noninvasive stress testing, or both. Primary adjusted results found a
significant decrease in the primary outcome post-implementation (OR 0.984, 95% CI 0.974—
0.995). This resulted in an absolute adjusted month-to-month decrease of 4.39% (95% CI: 3.72-
5.07%) after 12 months follow-up with a continued trend downward. There was no difference in
30-day mortality or myocardial infarction (Pre: 0.6% vs. Post: 0.6%, OR 1.02, 95% CI 0.97-1.08)

Conclusion: Implementation of a HEART pathway in the ED evaluation of patients with chest
pain resulted in less inpatient care and non-invasive cardiac testing and was safe. Using HEART to
risk stratify chest pain patients can improve the efficiency and quality of care.

INTRODUCTION

Background

Importance:

Heart disease is a leading cause of mortalityl, and chest pain, a symptom that often triggers
an evaluation for suspected acute coronary syndrome (ACS), is the second most frequent
reason for all ED visits.? This leads to over $3 billion in hospital costs each year to evaluate
patients with possible ACS.3 However, there is no evidence that the current paradigm of
acute care, which frequently includes hospital observation and cardiac stress testing, actually
improves patient outcomes.*=® Objective risk scores, such as HEART (H-history, E-EKG, A-
age, R-risk factors, T-troponin), are designed to help clinicians identify which patients
require further hospital based observation or testing, and who may be discharged safely.”
HEART is a validated 0-10 point ACS scoring system.”=9 Patients with a HEART score
between 0-3 have been shown to have a low risk (<1%) of 30-day major adverse cardiac
events (MACE).8:10-12

Recent evidence suggests that risk stratification tools in the emergency department (ED) can
identify patients with suspected acute coronary syndrome (ACS) who are at low risk and
thus can defer further hospital observation or non-invasive cardiac testing. However, there is
limited data on the impact of the adoption of such tools on health care utilization and patient
outcomes. A single site randomized trial at an academic medical center suggests a HEART
pathway to discharge low-risk patients may safely reduce admissions'3, but a larger cluster
randomized trial in the Netherlands resulted in no change in utilization.14 There are no
reports to describe the safety and efficacy of similar care pathways in community hospitals.

Goals of this Investigation:

The primary aim of this study is to describe the impact of implementing a HEART care
pathway designed to reduce hospitalization and non-invasive stress testing in 13 community
EDs in Southern California. We also report rates of 30-day acute myocardial infarction
(AMI) and all-cause death before and after the intervention. We hypothesized that the
HEART pathway would decrease hospitalizations and noninvasive cardiac testing without
adverse impact on 30-day AMI and death rates.
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METHODS
Study design and setting:

We conducted a prospective interrupted time series study of all adult ED encounters for
suspected ACS at 13 community hospitals between May 6, 2015 to June 3, 2017. Study sites
were all part of Kaiser Permanente Southern California (KPSC). KPSC is an integrated
health system providing health care for over four million members. KPSC hospitals provide
care to over 1 million ED patients per year (study sites ranging from ~25,000 to 95,000 ED
visits per year). Of these ED visits, approximately 80% are health plan members. We
excluded one new hospital that did not have pre-data for comparison and one hospital not
staffed by KPSC physicians, therefore not trained or educated regarding the HEART
recommendations. Our data set allows us to track detailed information for our members’ in-
network encounters as well as capture claims data for out-of-network encounters.

Selection of Participants:

ED encounters were included for adult (= 18 years) patients health plan members who had
both a troponin lab test and a chest pain diagnosis (Appendix A). All sites use the same
troponin lab assay (Beckman Coulter Access AccuTnl+3). We only included health plan
members because we do not have accurate follow up information for our outcomes for non-
member patients. Our data set allows us to identify claims data for any hospital or ED
encounter, as well as all in-network healthcare. We excluded patients with a do not
resuscitate (DNR) status, who had an AMI identified in the ED, were transferred from
another hospital, or who expired in the ED (Figure 1). Encounters that occurred May 6,
2015-May 5, 2016 were included in the pre-implementation period, May 6, 2016-June 2,
2016 was the washout period, and June 3, 2016-June 2, 2017 was the post-implementation
period. KPSC adopted HEART to be used by ED physicians during the clinical evaluation
and management of patients with possible ACS in January 2016. The implementation
included clinical recommendations for patients with low (0-3), moderate (4-6) and high risk
(7-10) HEART scores. An education module and plenary presentation at a local conference
disseminated information to all emergency physicians summarizing current medical
evidence related to the management of possible ACS as well as the expectation that
physicians use HEART scores as part of routine clinical care. Decision support was
embedded into the electronic health record (May 2016) and prompts alerted physicians to
insert the history, EKG, and risk factors necessary to calculate a HEART score. The age and
troponin values were automatically included to allow for an automated calculation of the
HEART score.1® Each physician and ED maintained the autonomy to document HEART,
follow the recommendations or adjust according to patient needs. There is no standard type
or location of observation units, nor pathway to cardiology referrals for non-invasive testing
among our study sites. A formal power calculation was not performed, but it was estimated
that the approximately 30,000 ED chest pain encounters before and after implementation in
our 13 EDs would provide sufficient data to detect a meaningful difference in outcomes, if
such a difference existed.
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Measurements:

Outcomes:

Analysis:

Covariates included patient demographic information. Age, gender, and race data were
obtained from administrative records, while education was proxied by the percentage of
college-educated individuals at the census block level based on a patient’s home zip code.
Clinical patient variables and physician data were similarly obtained by querying the
structured electronic medical records. Cardiac risk factors such as hypertension and diabetes
were defined using the Elixhauser index codes. The ICD-9 and ICD-10 codes used to define
dyslipidemia, coronary artery disease (CAD), stroke, percutaneous coronary intervention
(PCI), and coronary artery bypass graft (CABG) can be found in Appendix A. Body mass
index (BMI) was measured from ED intake documentation or the most recently available
visit, while smoking and family history of CAD were self-reported fields in electronic health
records. Those with a history of PCI or CABG were considered to have had prior coronary
vascularization. The KPSC medical center was recorded at the time of the ED encounter.

The primary outcome was admission to the hospital, which included patients admitted under
observation status, and/or ordering of a non-invasive cardiac stress test. The stress testing
was defined as either an ED referral to a cardiology department for a non-invasive stress test
or a direct order for stress testing during the ED encounter. The secondary outcome was 30-
day AMI or all-cause mortality (Appendix A). We considered any statistically significant
increase in 30-day AMI or all-cause mortality would indicate failure and any improvement a
success. We believed that a small increase (0.2%) in month to month hospitalizations/stress
tests associated with improved AMI/Mortality, or a small decrease (0.2%) month to month
in admissions/stress testing with no association with AMI/Mortality rates would have long-
term benefits to our health system and members.

Continuous patient and encounter characteristics were summarized using means and
standard deviations, while categorical characteristics were presented as frequencies and
percentages. Forest plots were generated for each outcome to summarize variability by
medical center in the pre- and post- period.

To assess changes in the odds of hospitalization and/or stress testing before and after
HEART implementation, we fit a generalized estimating equation segmented logistic
regression model as this strategy is a favored methodology to account for secular trends
while assessing an intervention’s impact.16-20 The unit of analysis was ED encounter. The
model included terms for the year-long pre-intervention baseline monthly trend of each
outcome, as well as terms for the change in level during the 4-week washout period when
the intervention was implemented (May 6, 2016-June 3, 2016), and the monthly trend in the
year after the intervention was implemented. To account for known correlation among
encounters for the same physician, we fit our model using physician as a clustering variable.
All models were adjusted for the following characteristics: age, gender, race, medical center,
college education, comorbidities expressed as Elixhauser index?!, hypertension, diabetes,
dyslipidemia, BMI, smoking, family history of CAD, CAD, prior coronary
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revascularization, and stroke. Results were summarized using Odds Ratios (ORs) and 95%
Confidence Intervals.

We performed several sensitivity analyses to confirm our findings. We ran models using
unique patient identifiers as an alternative clustering variable to provider and found nearly
identical results. Since provider and medical center were not completely independent (some
providers worked at more than one medical center, N=206), we present results from the
model using physician as a clustering variable, using unique provider-medical center
indicators. Potential associations by medical center were assessed to identify any
heterogeneity in the change in outcomes after implementation.

The change in hospitalization and stress testing associated with the intervention was
graphically depicted by plotting the predicted values obtained from the model over the pre-
and postimplementation periods. Furthermore, we plotted the predicted values had the
intervention not occurred along with the values of the effect with HEART implementation.

The same analysis approach was used to assess changes in our secondary outcome, 30-day
AMI or death, to analyze any potential changes pre- and post-implementation of HEART.
Lastly, we analyzed a subset of the post-intervention sample with documented HEART
scores to report primary and secondary outcomes stratified by low, moderate and high-risk
groups.

All analyses were conducted with SAS (version 9.3; SAS Institute, Inc., Cary, NC). All tests
of statistical significance were 2-sided with a.=0.05. This study was approved by the Kaiser
Permanente Southern California Institutional Review Board.

Characteristics:

A total of 67,953 encounters were included in the analysis (Pre- 30,522 and Post- 34,871)
(Figure 2). Table 1 shows patient characteristics from ED encounters in the pre- and post-
implementation periods. The distribution of age, gender, and race was similar across periods.
The mean age of the population was 58 years (Pre: 57.9, Post: 58.0), female (Pre: 57.6%,
Post: 57.1%), and white (Pre: 52.3%, Post: 50.9%). BMI varied little before and after
implementation, and most patients were either overweight (33.8%) or obese (42.5%).
Similar prevalence of cardiac-specific comorbidities, including CAD, prior coronary
revascularization, and stroke were observed in the pre- and post- periods (Table 1). Overall
33.5% of encounters resulted in the primary outcome (Pre: 35.5% and Post: 31.8%).
Decreases in both hospitalization/observation (Pre: 14.7 vs Post: 13.2) and non-invasive
stress testing (Pre: 27.8% vs Post: 24.3%) contributed to the overall reduction (Table 2).

Main Results:

Primary analysis demonstrated a significant decrease in month-to-month trends post-
implementation (OR 0.984, 95% CI 0.974-0.995) (Figure 3) (Appendix B). There was not a
significant decreasing trend in the primary outcome month-to-month in the pre-period (OR
0.997, 95% CI 0.990-1.005), nor an immediate change between the end of the pre- period to
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the beginning of the post- period (OR 0.968, 95% CI 0.904-1.036). Overall, the HEART
pathway resulted in a 4.39% adjusted decrease (95% ClI: 3.72-5.07%) between expected
results and the observed proportion of encounters resulting in the primary outcome after the
intervention (Figure 3).

The difference in the proportion of encounters resulting in admission and/or stress testing
between the pre- and post-implementation periods varied by medical center (Figure 4). Most
medical centers decreased their percentage of encounters that resulted in admission and/or
stress testing. There was no statistically significant association between the monthly time
trend in either the pre- (p=0.93) or post- period (p=0.34) with medical center.

Analysis of the secondary outcome (30-day AMI or all-cause mortality) showed no
difference between pre- and post- periods (Pre: 0.6% vs Post: 0.6%). The adjusted analysis
showed no baseline monthly trend pre-implementation (OR 0.987, 95% CI 0.946-1.029), no
initial change pre- to post- (OR 1.183, 95% CI 0.782-1.789), and no overall change in
monthly trends post-implementation (OR 1.024, 95% CI1 0.967-1.084).

Subgroup analysis of post-intervention encounters demonstrated that 35.2% (12,267 of
34,871) of encounters had documented HEART scores. The majority were low-risk (58.7%)
and the primary outcome increased with higher-risk HEART scores (low-risk 25.1%,
moderate-risk 51.2% and high-risk 69.2%). Overall, patients with HEART scores had low
rates of 30-day AMI or death (0.3%) and increasing HEART scores showed higher-risks of
this secondary outcome (low-risk 0.2%, moderate-risk 0.6% and high-risk 2.6%).

LIMITATIONS

Variables with missing data and the strategies to account for each were as follows. Patients
with missing zip codes to designate college education (N=95 or 0.1% of the pre/post
encounters) were excluded from multivariate analyses. In addition, 13 encounters were
missing a discharge status from the ED and were excluded from the analysis for admission
to the hospital/observation (N=13) and the analysis for the combined primary outcome
(N=7). Categorical outcomes with missing data in the pre- or post- periods (BMI N=464 and
smoking N=1620) were included as an “Unknown” category. We acknowledge that our
study population has a low rate of MACE and other patient populations with a higher MACE
rate may find different results.

DISCUSSION

Our study found that implementation at community emergency departments of a care
pathway using HEART to risk-stratify ED patients with suspected ACS safely reduced
downstream hospital care and noninvasive cardiac testing. Our results should influence
physicians, administrators, and policymakers to consider a standardized approach to the
evaluation and management of patients with chest pain, or other presentations concerning for
ACS.

These results confirm our hypothesis, that standard risk-stratification and clear care
recommendations for low-risk patients can safely decrease hospital care and stress testing.

Ann Emerg Med. Author manuscript; available in PMC 2020 August 01.
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Consistent with other reports, we found variability in the effect of the care pathway at each
of the study sites.3: Our findings are consistent with similar strategies for other clinical
conditions which have demonstrated benefits of validated decision instruments and care
pathways.20 Furthermore, our study expands upon the findings of a small, single site RCT
which used a similar HEART care pathway,3 but contradict the results of the cluster
randomized trial from Dutch hospitals reporting no change in utilization.4

Despite the overall results and improvements in utilization, our sub-group analysis of low-
risk HEART scores demonstrate there is still ample room for improvement. In fact, we even
found one ED increased after implementation of our HEART pathway. This despite low-risk
HEART scores with 30-day MACE risks of 0.2% which still resulted in hospitalization
and/or stress testing for 25% of encounters. This represents opportunities for future research,
and further implementation strategies to optimize patient care and resource utilization.

Observational quasi-experimental studies like this one cannot definitively attribute causality.
However, we used an established and recommended interrupted time series design to
account for this as much as possible.16:17 The study was also performed in an integrated
health system that may offer better coordinated outpatient follow-up than other fee-for-
service models in the United States. This may have some effect on the outcomes of ED
patients after discharge and the generalizability of our findings. However, our baseline rates
of hospital utilization are lower than national estimates (13.9% vs 16.2%)3 which indicates
that similar care pathways might have even greater opportunities to reduce this care in
different settings. In fact, as our findings suggest reduced utilization of testing is safe for
patients with low-risk chest pain, it may be especially useful in resource constrained settings
and safety-net hospitals.

In summary, implementation of HEART as a standard risk stratification tool in the ED
evaluation of patients with chest pain resulted in less inpatient care and non-invasive cardiac
testing without impacting patient safety. Using a tool to standardize the ED risk stratification
of chest pain patients can improve the efficiency of care safely for patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 2:

Flow diagram of the study cohort used for analysis.
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Figure 3:

Adjusted interrupted time series showing the changes in pre-and post-intervention month to
month trends for ED chest pain encounters. The top black lines indicate encounters resulting
in hospital admission and/or cardiac stress testing and the bottom black lines represent 30-
day death and/or acute myocardial infarction (AMI) rates. The gray lines demonstrate the
predicted results had the pre-intervention trends continued without the HEART care
pathway.
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Difference in Hospitalization and/or Stress Testing Pre and Post HEART Implementation by
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Figure 4:

Changes in hospitalization and/or stress testing Pre- and Post- a HEART care pathway was
implemented at 13 emergency departments within an integrated health system.
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