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Abstract

Study objective: We compare clinical management and outcomes of emergency department
(ED) encounters by sex after implementation of a clinical care pathway in 15 community EDs that
standardized recommendations based on patient risk, using the History, ECG, Age, Risk Factors,
and Troponin (HEART) score.

Methods: This was a retrospective analysis of adult ED encounters evaluated for suspected acute
coronary syndrome with a documented HEART score from May 20, 2016, to December 1, 2017.
The primary outcomes were hospitalization or 30-day stress testing. Secondary outcomes included
30-day acute myocardial infarction or all-cause death (major adverse cardiac event). A generalized
estimating equation regression model was used to compare the odds of hospitalization or stress
testing by sex; we report HEART scores (0 to 10) stratified by sex and describing major adverse
cardiac events.

Results: A total of 34,715 adult ED encounters met the inclusion criteria (56.0% women). A
higher proportion of women were classified as low risk (60.5% versus 52.4%; odds ratio [OR]
1.39; 95% confidence interval [CI] 1.33 to 1.45). Women were hospitalized or received stress
testing less frequently than men for low HEART scores (18.8% versus 22.8%; OR 0.79; 95% CI
0.73 to 0.84) and intermediate ones (46.7% versus 49.7%; OR 0.88; 95% CI 0.83 to 0.95), but
similarly for high-risk ones (74.1% versus 74.4%; OR 0.99; 95% CI 0.77 to 1.28). Women had
18% lower odds of hospitalization or noninvasive cardiac testing (OR 0.82; 95% CI 0.78 to 0.86),
even after adjusting for HEART score and comorbidities. Men had higher risks of major adverse
cardiac events than women for all HEART score categories but was significantly higher among
low-risk HEART scores (0.4% versus 0.1%).

Conclusion: Women with low-risk HEART scores are hospitalized or stress tested less than
men, which is likely appropriate, and women have better outcomes than men. Use of the HEART
score has the potential to reduce sex disparities in acute coronary syndrome care.

INTRODUCTION

Background

Acute coronary syndrome is one of the most common health problems globally.! It is the
leading cause of morbidity and mortality and accounts for greater than 7 million emergency
department (ED) encounters annually in the United States.? Sex disparities in patient care
for individuals presenting to the ED with suspected acute coronary syndrome have been well
documented.3-> For example, women are less likely to be admitted for hospitalization and
revascularization and are less frequently referred for coronary angiography when presenting
to the ED with chest pain.5-8 Women also present less frequently with elevations of troponin
level, which can result in misdiagnosis or delayed treatment.?-12 It is known there are sex
differences in risk factors and presenting symptoms for acute coronary syndrome,1314 put
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whether these differences are associated with a disparity in risk stratification of acute
coronary syndrome and differences in management and outcomes remains unclear.

Risk assessment can assist physicians in accurately estimating a patient’s cardiac risk. The
History, ECG, Age, Risk Factors, and Troponin (HEART) score is a 0- to 10-point score
derived from clinical assessment of a patient’s level of these factors. This simple risk-
stratification tool can stratify patients into low-, moderate-, and high-risk groups based on
estimates of short-term adverse cardiac outcomes. These risk scores have been proven to be
effective in identifying patients who require further testing and hospitalization.1516 A small
European study reported sex differences in myocardial infarction, revascularization, and
death rates between men and women in accordance with the HEART score, reporting higher
cardiac events in men across every risk score category.’ Our previous work has found
benefits to using the HEART score in evaluating a cohort that excludes acute myocardial
infarction identified at the ED visit because HEART is not generally used to direct acute
myocardial infarction care. Our reports have also discovered significant differences in the
HEART score risks of a US population compared with a European one, with differences in
HEART performance.18 However, little is known about whether standardizing suspected
acute coronary syndrome risk assessment affects previously reported sex disparities in the
acute management of patients.

Goals of This Investigation

This study used data collected from 15 community EDs that adopted a HEART care
pathway to risk stratify adults with suspected acute coronary syndrome. We aimed to
understand whether using a standardized risk score was associated with reduced sex
disparities in management and outcomes. We compared rates of 30-day stress testing and
hospitalization, as well as acute myocardial infarction and all-cause death between men and
women, stratified by HEART scores to describe sex differences in acute chest pain
management and outcomes.

MATERIALS AND METHODS
Study Design and Setting

We performed a retrospective analysis of data for all ED encounters at Kaiser Permanente
Southern California hospitals between May 20, 2016, and December 1, 2017. Kaiser
Permanente Southern California is an integrated health system providing health care for
greater than 4 million members. These hospitals provide care to greater than 1 million ED
patients per year (study sites range from 25,000 to 95,000 annual ED visits). Of these ED
patients, approximately 80% are health plan members. All sites use the same troponin
laboratory assay (Access AccuTnl+3; Beckman Coulter, Brea, CA), which currently uses a
threshold of 0.5 ng/mL to rule in acute myocardial infarction for patients with suspected
acute coronary syndrome. The study was performed in accordance with the Strengthening
the Reporting of Observational Studies in Epidemiology guidelines.
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Selection of Participants

ED encounters were included for adult (=18 years) Kaiser Permanente members with a
physician-documented HEART score at 1 of 15 Kaiser Permanente Southern California
hospitals. Of 224,177 ED encounters with a troponin-level test ordered from May 20, 2016,
to December 1, 2017, 38,456 had a documented HEART score. Often, these tests are
performed for vague symptoms (eg, generalized weakness, altered mental status, nausea) or
for prognostic purposes (ischemic stroke or sepsis), but are unlikely to be conducted for
primary evaluation of acute coronary syndrome. Among 60,497 encounters with a diagnosis
of chest pain and a troponin-level test order, 23,202 (38%) had a documented HEART score.
Patient encounters with non—health plan individuals were excluded because of inability to
capture reliable outcome data. Patients who transferred from non-Kaiser hospitals or those
who died at the ED were not included in the analysis. We excluded hospice patients and
those with a do-not-resuscitate status. Patients who had an acute myocardial infarction
identified in the ED (either troponin level >0.5 ng/mL or /nternational Classification of
Diseases [ICD] diagnosis codes 410.XX, 121.X, or 122.X) were also excluded from the
analysis (Figure 1).

Interventions

Kaiser Permanente Southern California adopted a HEART care pathway to be used by
emergency physicians during the clinical evaluation and management of patients with
possible acute coronary syndrome. An online education module and multiple presentations
disseminated information to all emergency physicians, summarizing current medical
evidence related to the management of possible acute coronary syndrome. Decision support
was embedded into the electronic health record (May 2016) and prompts alerted physicians
to insert the history, ECG, and risk factors necessary to calculate a HEART score. The age
and troponin values were automatically included to allow streamlined calculation of the
HEART score. The details of this intervention, the clinical recommendations, and the effect
of the intervention overall have been previously reported.18-20

Methods of Measurement

Patient demographic information, including age, sex, race, and ethnicity data, were obtained
from administrative records, whereas education level was determined with population
measures by home zip code. Clinical variables were obtained by querying the structured
electronic medical records. Comorbidities such as coronary artery disease, diabetes,
hypertension, and lipid disorder were identified in the medical record with /CD-9and
ICD-10codes, as was history of coronary revascularization. Body mass index was measured
from ED intake documentation or the most recently available visit, whereas smoking and
family history of coronary artery disease were self-reported fields in electronic health
records.

Outcome Measures

The primary outcome was 30-day stress testing or hospitalization after assessment at the ED
encounter. Hospitalization included patients admitted as inpatients or under observation
status after the initial evaluation at the ED encounter, whereas a stress test was defined as
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either an ED referral to a cardiology department for a noninvasive stress test or a direct order
for stress testing during the ED encounter. Stress testing outcomes were measured until 30
days after the index encounter. The secondary outcome was 30-day major adverse cardiac
events, consisting of all-cause death or acute myocardial infarction. /CD-9and /CD-10
codes (410.XX, 121.X, or 122.X) were used to identify acute myocardial infarctions at
hospital encounters after ED admission, whereas deaths came from both KSPSC hospitals
and California state vital records. The percentage of encounters resulting in 30-day major
adverse cardiac events for men and women is reported stratified by HEART score.

Primary Data Analysis

RESULTS

Continuous patient and encounter characteristics are summarized in the demographics and
results tables with means and SDs, whereas categoric characteristics are presented as
frequencies and column percentages. The percentage of men and women with the secondary
outcomes of 30-day mortality or acute myocardial infarction is reported by HEART score.
All tables and figures show results at the encounter level. We fit a logistic regression model
to compare the odds of hospitalization or 30-day stress testing among different
subpopulations. Multiple encounters by the same individual were accounted for with an
exchangeable correlation structure using generalized estimating equations to address within-
patient correlation. Odds ratios (ORs) and 95% confidence intervals (Cls) from the
generalized estimating equation models are presented without covariates unless otherwise
indicated. We identified variables considered for inclusion in the model according to
literature review and consensus among our clinical authors: HEART score (0 to 10), age
(continuous), race/ethnicity (Alaska Native/Pacific Islander, Asian, black, Hispanic, other,
and white), medical center, college education (continuous percentage by zip code), body
mass index (<18, 18 to 25, 25 to 30, and >30 kg/m?, or missing), smoking status (never or
passive, quit, active, or missing), diabetes, coronary artery disease, and stroke. We conducted
variable selection with Elastic Net (which accounts for collinearity between model variables)
and used race/ethnicity, medical center, college education, body mass index, smoking status,
coronary artery disease, and medical center as covariates in the fully adjusted model.21 All
analyses were conducted with SAS Enterprise Guide (version 7.1; SAS Institute, Inc., Cary,
NC). All tests of statistical significance were 2 sided with a=.05. This study was approved
by the Kaiser Permanente Southern California institutional review board.

Characteristics of Study Subjects

A total of 34,715 adult ED encounters with a documented HEART score were included in
the analysis, including 19,407 women (56%) (Figure 1). The median age of the population
was 61 years (Table 1). At baseline, a higher proportion of men had a history of smoking
and coronary artery disease. Women were slightly older and had higher rates of family
history of coronary artery disease and stroke. Compared with men, women were more likely
to be categorized as low risk (HEART score 0 to 3; 60.5% versus 52.4%; OR 1.39; 95% ClI
1.33 to 1.45) and less likely to be categorized as high risk (HEART score 7 to 10; 2.8%
versus 4.9%; OR 0.55; 95% CI 0.49 to 0.62).
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Main Results

There were differences in 30-day stress testing and hospitalization between men and women.
Clinicians referred more men for stress testing compared with women (23.6% versus 21.1%;
OR 0.93; 95% CI 0.88 to 0.98). Women were discharged more often than men (84.4%
versus 78.3%; OR 1.30; 95% CI 1.23 to 1.38). For men, there were 4,506 stress tests ordered
and 3,776 completed (83.8%); women had 5,336 tests ordered and 4,338 completed
(81.3%). The overall adjusted odds of hospitalization or 30-day stress testing were
significantly lower for women compared with men (OR 0.82; 95% CI 0.78 to 0.86) (Table
2). Major adverse cardiac event outcomes stratified by HEART score for men and women
showed that men had slightly higher rates of events than women (Figure 2). The outcomes
by risk category for men and women varied, and regression analyses showed that women
were less likely than men to be hospitalized or stress tested for low-risk categories (OR 0.77;
95% CI 0.71 to 0.82) and intermediate-risk ones (OR 0.86; 95%CI 0.80 to 0.92), but not
high-risk ones (OR 0.96; 95% CI1 0.74 to 1.23).

Difference in acute myocardial infarction and all cause-mortality showed that women had a
significantly lower risk of major adverse cardiac events than men for the low-risk HEART
score group (OR 0.31; 95% CI 0.15 to 0.61), but not for intermediate-risk (OR 0.82; 95% CI
0.56 to 1.19) or high-risk HEART scores (OR 0.76; 95% CI 0.38 to 1.52). Women who were
hospitalized or stress tested had significantly lower odds of having major adverse cardiac
events compared with men (OR 0.63; 95% CI 0.43 to 0.94), and this was especially true
among patients with a low-risk HEART score (OR 0.10; 95% CI 0.01 to 0.83) (Table 3).

LIMITATIONS

This study was performed in an integrated health system that may offer better coordinated
care in comparison with other health care models in the United States. Additionally, the
study population had low rates of major adverse cardiac events overall, and outcomes may
not be similar in other populations that have higher rates of them, which may include tertiary
or quaternary care centers. Our study was conducted in community hospital EDs and other
levels of care may yield different results. We investigated all patients with suspected acute
coronary syndrome, which led to low mortality rates, whereas examining those with
confirmed acute coronary syndrome may yield different results. The HEART score has a few
limitations in that it does not account for autoimmune diseases or history of adverse
pregnancy outcomes, which can lead to greater cardiac risk among women. It is possible that
physicians attribute the risk of the patient history differently for men and women; this bias
cannot be measured in accordance with our data and study results. It is also possible that
physicians document HEART scores differently between men or women, which was not
specifically accounted for in our study. Among ED encounters with troponin testing ordered,
57% had a documented HEART score. There are exceptions to HEART score risks, and
clinical judgment should always be added to clinical pathways to provide safe patient-
centered care. Last, the study included patients with a documented HEART score, and this
could have missed those in whom acute coronary syndrome was suspected but for whom a
HEART score was not documented by the physician. Also, this can miss patients with
atypical symptoms for whom there was a misdiagnosis by the physician.
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DISCUSSION

Our study found that women with low-risk HEART scores received guideline-concordant
care more often than men by avoiding hospitalization or noninvasive cardiac testing and
having better 30-day outcomes than low-risk men. Women had similar hospitalization or
testing and outcomes comparable to those of men in the high-risk group. These results
indicate that use of HEART score and standardized care pathways may be associated with
more appropriate care for women, whereas overtesting may be more common in men.

Our results are consistent with those of other studies that reported more hospitalizations or
stress testing for men than women.”:8:22 However, we found this to be most pronounced for
patients at low risk according to HEART score, the largest group with suspected acute
coronary syndrome. Our findings that women had fewer hospitalizations or less noninvasive
testing may be consistent with recent reports suggesting such care is not of benefit for many
ED patients with suspected acute coronary syndrome.23-25 Unlike previous studies
describing higher rates of misdiagnosis or adverse events among women, we did not find
this to be true among those at low risk.28:27 This finding raises the question of whether all
low-risk patients would be better off with less noninvasive testing. We found that men in the
low-risk score category were more likely to undergo testing or be admitted for
hospitalization, but still had higher adverse events at 30 days. This may indicate that testing
or admission in low-risk men did not have a beneficial influence on 30-day major adverse
cardiac events. Early discharge of low-risk patients appears to be safe for both men and
women. These results indicate far more perceived than actual risk for men with suspected
acute coronary syndrome. In contrast, low-risk women were less likely to undergo
unnecessary tests. Disparities in management of men and women may have unintended
benefits to women by avoiding low-value or unnecessary care.

Some have suggested that sex-based differences in the management of suspected acute
coronary syndrome are appropriate for the probability of disease for each sex.8 Although it
is true men have a higher baseline risk for acute coronary syndrome, results demonstrated
that among low- and intermediate-risk men, there was a 0.2% to 0.3% higher major adverse
cardiac event rate. This does not account for the 14% lower likelihood for hospitalization
and cardiac testing for women. The slightly higher risk in men at baseline should be
considered when the HEART score is used, but in a way that recognizes sex-adjusted risk
prediction.?8 The American Heart Association has evidence-based guidelines for women,
but they are not routinely incorporated into practice.?® Future research should determine
whether sex-specific elements should be added into prediction tools such as HEART. For
example, sex-specific thresholds for diagnostic tests, such as the new high-sensitivity
troponin assays, may help improve sex-specific diagnostic performance.30:31

Within the high-risk group, women and men were admitted or observed at similar rates.
Women in low- and moderate-risk groups receive less testing, which may be optimal
because major adverse cardiac event outcomes remain similar to those of men and relatively
low. Furthermore, the HEART score performed overall well in men and women, with only
small differences (one tenth of a percent) in the lower-risk groups, which may have
questionable clinical relevance. Men appear to have much higher risk than women in the
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higher-risk subgroups, which may warrant the differences in observation and inpatient status
that was observed.

Outcomes for acute coronary syndrome in women have improved and mortality rates are
now similar to those of men.32:33 We find that women presenting to the ED with suspected
acute coronary syndrome are less likely to be hospitalized or tested, yet they still outperform
men and experience less acute myocardial infarction and mortality. Standard risk assessment
is one tool that can be used to measure performance and mitigate sex disparities among men
and women with similar risk. Clinicians and guidelines should consider these results to
implement practice changes to improve health outcomes by testing only patients most likely
to benefit and avoiding low-value, potentially harmful care for those at low risk.

In conclusion, women at low risk were hospitalized less or received less testing than men,
which is consistent with current clinical recommendations and results in better outcomes
than those of men in this group. Men and women at high risk for acute coronary syndrome
received similar testing and had comparable outcomes. Sex disparities of the intermediate-
risk group were limited. Risk stratification (by HEART score) of ED patients with suspected
acute coronary syndrome may be a useful tool to improve the care of women and minimize
sex disparities. Future interventions to address overtesting and hospitalization among men at
low risk are warranted.
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Editor’s Capsule Summary
What is already known on this topic

Women are evaluated differently from men when presenting to emergency departments
(EDs) with suspected acute coronary syndrome.

What question this study addressed

The authors measured hospitalizations or 30-day stress testing among women and men
evaluated for suspected acute coronary syndrome after History, ECG, Age, Risk Factors,
and Troponin pathway implementation in 15 community EDs.

What this study adds to our knowledge

Adjusting for History, ECG, Age, Risk Factors, and Troponin scores and comorbidities,
low-risk women had fewer hospitalizations, stress tests, and 30-day major adverse cardiac
events. Low-risk men may be receiving unnecessary medical evaluations.

How this is relevant to clinical practice

Patients with suspected acute coronary syndrome should receive a diagnosis and be
treated according to their acute coronary syndrome risk irrespective of sex. This article
supports that most low-risk patients do not benefit from hospitalization or stress testing.
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Adult ED encounters at
KP hospitals with a
HEART score
5/20/2016-12/1/2017
N=38,456

Had DNR/hospice records
N=2,776
M=1,071(39%), W=1,705 (61%)

Had AMI ICD Dx codes or
troponin>0.5 ng/mLatED
encounter
N=965
M=638 (66%), W=327 (34%)

ED encounters
eligible for study
N=34,715

Men Women
N=15,308 (44%) N=19,407 (56%)

Figure 1.
Flow diagram of the patient cohort used for analysis. K7, Kaiser Permanente; DNR, do not

resuscitate; M, men; W, women; Dx, diagnosis.
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Figure 2.
Percentage of 30-day mortality or acute myocardial infarction risk by sex. The xaxis is the

documented HEART score 1 to 10 for men and women. The yaxis is the percentage of acute
myocardial infarction and death. The proportions listed under each bar represent the number

of acute myocardial infarctions for men and women and each indicated HEART score. For
better interpretation of the graph, HEART scores 9 and 10 were combined and the
percentage bar for men was minimized at 5%, with the actual percentage listed above.
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Table 1.
Patient demographics.
Women, Men,
N=19,407 N=15,308

HEART score

Median 3.0 3.0

Q1,Q3 2.0,4.0 2.0,5.0
HEART score, No. (%)

Low (0-3) 11,736 (60.5) 802 8,021 (52.4)

Intermediate (4-6) 7,134 (36.8) 6,537 (42.7)

High (7-10) 537 (2.8) 750 (4.9)
Age,y

Median 61.0 60.5

Q1,Q3 50.7,72.0 49.0,71.0
Education, college or higher (%)

Median 56.7 58.3

Q1,Q3 42.0,71.4 43.5,73.0
Household median income, $

Median 63,200 65,500

Q1,Q3 46,300, 84,200 47,900, 87,500

Race, No. (%)

Alaska Native/Pacific Islander

Asian
Black
Hispanic
Other
White

BMI, No. (%), kg/m?
Underweight, <18.5
Normal, 18.5-24.9
Overweight, 25-29.9
Obese, =30
Missing

Smoking, No. (%)
Never or passive
Quit
Active

Missing

Comorbidities (in year before), No. (%)

CAD
Diabetes

Hypertension

230 (1.2)
1,753 (9)
3,535 (18.2)
7,094 (36.6)
260 (1.3)
6,535 (33.7)
30.2 (7.53)
348 (1.8)
4,520 (23.3)
5,864 (30.2)
8,495 (43.8)
180 (0.9)

13,289 (68.5)
4,807 (24.8)
989 (5.1)
322 (1.7)

2,844 (14.7)
5,777 (29.8)
11,303 (58.2)

216 (1.4)
1,332 (8.7)
2,049 (13.4)
5,306 (34.7)
280 (1.8)
6,125 (40)
30.2 (6.52)
101 (0.7)
2,830 (18.5)
5,481 (35.8)
6,627 (43.3)
269 (1.8)

7,314 (47.8)
6,117 (40)
1,363 (8.9)
514 (3.4)

4,139 (27)
5,180 (33.8)
9,298 (60.7)
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Women, Men,

N=19,407 N=15,308
Lipid disorder 11,885 (61.2) 10,349 (67.6)
Stroke 670 (3.5) 586 (3.8)
CABG 44(0.2) 121 (0.8)
PTCA 141 (0.7) 178 (1.2)
Family history of CAD 7,099 (36.6) 5,161 (33.7)
Family history of stroke 3,997 (20.6) 2,570 (16.8)

Page 15

BMI, Body mass index; CAD, coronary artery disease; CABG, coronary artery bypass grafting; PTCA, percutaneous transluminal coronary

angioplasty.
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Table 3.

Outcomes of HEART score risk categories, stratified by sex.

Women, No. (%)

Men, No. (%)

OR (95% CI)

Low risk (HEART score 0-3)
Hospitalized or stress tested
MACE
AMI
Death
Hospitalized
MACE
AMI
Death
Stress tested
MACE
AMI
Death
All HEART scores (0-10)
Hospitalized or stress tested
MACE
AMI
Death
Hospitalized
MACE
AMI
Death
Stress tested
MACE
AMI
Death

N=2,221
1(0.05)
0
1(0.05)
N=615
1(0.16)
0
1(0.16)
N=1,717
0
0
0

N=5,936
43(0.72)
23(0.39)
21(0.35)
N=2,787
41 (1.47)
22 (0.79)
20(0.72)
N=4,092
8(0.20)
6 (0.15)
2(0.05)

N=1,835
8(0.44)
6(0.33)
2(0.11)
N=535
4(0.74)
2(0.37)
2(0.37)
N=1,399
5 (0.36)
5 (0.36)
0

N=5,635
63 (1.12)
45 (0.80)
20 (0.35)
N=3,012
55 (1.83)
37 (1.23)
19 (0.63)
N =3,608
22 (0.61)
20 (0.55)
3(0.08)

0.10 (0.01-0.83)
NA
0.41 (0.04-4.57)

0.22 (0.02-1.93)
NA
0.43 (0.04-4.78)

NA
NA
NA

0.63 (0.43-0.94)
0.47 (0.28-0.78)
1.00 (0.54-1.84)

0.80 (0.53-1.20)
0.63 (0.36-1.08)
1.14 (0.61-2.14)

0.32 (0.14-0.72)
0.26 (0.11-0.66)
0.59 (0.10-3.52)

MACE, Major adverse cardiac event; AM/, acute myocardial infarction.
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