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Use of Cardiac Biomarker Testing in the Emergency Department

Anil N. Makam, MD, MAS and Oanh K. Nguyen, MD, MAS
Division of General Internal Medicine, UT Southwestern Medical Center, Dallas, Texas

Abstract

Importance—Cardiac biomarker testing is not routinely indicated in the emergency department
(ED) because of low utility and potential downstream harms from false-positive results. However,
current rates of testing are unknown.

Objective—To determine the use of cardiac biomarker testing overall, as well as stratified by
disposition status and selected characteristics.

Design, Setting, and Participants—Retrospective study of ED visits by adults (=18 years
old) selected from the 2009 and 2010 National Hospital Ambulatory Medical Care Survey, a
probability sample of ED visits in the United States.

Exposures—Selected patient, visit, and ED characteristics.
Main Outcomes and Measures—Receipt of cardiac biomarker testing during the ED visit.

Results—Of 44 448 ED visits, cardiac biomarkers were tested in 16.9% of visits, representing
28.6 million visits. Biomarker testing occurred in 8.2% of visits in the absence of acute coronary
syndrome (ACS)-related symptoms, representing 8.5 million visits, almost one-third of all visits
with biomarker testing. Among individuals subsequently hospitalized, cardiac biomarkers were
tested in 47.0% of all visits. In this group, biomarkers were tested in 35.4% of visits despite the
absence of ACS-related symptoms. Among all ED visits, the number of other tests or services
performed was the strongest predictor of biomarker testing independent of symptoms of ACS.
Compared with 0 to 5 other tests or services performed, more than 10 other tests or services
performed was associated with 59.55 (95% CI, 39.23-90.40) times the odds of biomarker testing.
The adjusted probabilities of biomarker testing if 0 to 5, 6 to 10, or more than 10 other tests or
services performed were 6.3%, 34.3%, and 62.3%, respectively.
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Conclusions and Relevance—Cardiac biomarker testing in the ED is common even among
those without symptoms suggestive of ACS. Cardiac biomarker testing is also frequently used
during visits with a high volume of other tests or services independent of the clinical presentation.
More attention is needed to develop strategies for appropriate use of cardiac biomarkers.

Methods

Acute coronary syndrome (ACS) is a leading cause of death in the United States and
accounts for 625 000 hospital discharges annually.! Cardiac biomarkers have emerged as a
powerful tool to rapidly detect myocardial necrosis, which is a hallmark of ACS but can also
occur in various other illnesses. Increasingly sensitive assays for cardiac biomarkers have
enabled their use in the emergency department (ED) for early diagnosis of ACS, critical to
the timely initiation of potentially life-saving evidence-based therapies.?

Although nontraumatic chest pain (a symptom classically associated with suspected ACS) is
one of the most common reasons for a visit to the ED, cardiac biomarker testing is not
routinely recommended in all patients in the ED.3 In individuals with low suspicion of
ACS (eg, those without the typical symptom of chest pain, present in more than 90% of
patients with ACS), an elevated cardiac troponin level is far more likely to represent a false-
positive test result than a true type 1 myocardial infarction due to atherosclerotic plaque
rupture.®-8 Therefore, even with highly sensitive assays, the decision to test for cardiac
biomarkers must be considered in the context of the clinical presentation.®

The use of cardiac biomarker testing in a population with a low probability of ACS is likely
to result in substantial downstream harms from false-positive test results, including patient
anxiety, inappropriate additional testing, and unnecessary treatment.® Individuals with an
abnormal cardiac biomarker test result in the ED are more likely to be hospitalized,
therefore, potential downstream harms owing to false-positive test results are
disproportionately more likely to affect individuals subsequently hospitalized than those
discharged from the ED.10-12 The potential extent of harms from false-positive test results
cannot be estimated given that the current rates of cardiac biomarker testing are unknown. In
this study, we examined a nationally representative sample of ED visits by adults to estimate
(1) the use of cardiac biomarker testing in the ED overall and stratified by disposition status
given that the ACS incidence is considerably different between individuals discharged from
the ED and those subsequently hospitalized,® (2) the use of testing given selected patient and
visit characteristics, and (3) the adjusted probability of testing by selected characteristics.

Study Design

This study was deemed exempt from review by the UT Southwestern Medical Center
institutional review board, and informed consent was waived. We analyzed data from the
2009 and 2010 National Hospital Ambulatory Medical Care Survey (NHAMCS), an annual
nationally representative sample of visits to EDs of noninstitutional general and short-stay
hospitals in the United States, excluding federal, military, and Veterans Administration
hospitals.2® The NHAMCS was designed by the National Center for Health Statistics to
collect data on the use and provision of ambulatory care services in hospital EDs. The
survey uses a 4-stage probability design. Trained hospital staff collect data for each visit,
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with oversight from US Census Bureau field representatives during a randomly assigned 4-
week reporting period each year. All medical coding is subject to a 2-way 10% independent
verification procedure for quality control, and discrepancies and illegible entries are
reviewed and adjudicated centrally at the National Center for Health Statistics.1#1> Data
from the NHAMCS are derived by a multistage estimation procedure that produces unbiased
national estimates.16

Study Population

Outcomes

We included all ED visits by adults 18 years or older in 2009 and 2010. We excluded visits if
an individual had been seen in the same ED within the past 72 hours, had been discharged
from any hospital within the past 7 days, had been seen as a follow-up visit, had been
transferred to another facility, had left against medical advice, had an unclear disposition, or
was dead on arrival or died in the ED. Hospitalization included observation stays and visits
for all internal medicine and non- internal medicine conditions (eg, surgery, trauma,
obstetrics, gynecology, and psychiatry).

The primary outcome was whether cardiac biomarker testing occurred during the ED visit,
defined as cardiac biomarker tests ordered or performed in the ED and recorded as a check
box on the NHAMCS data collection form. Cardiac biomarkers included creatine kinase—
MB fraction, troponin I, and troponin T.

Characteristics

We defined cardiovascular comorbidities as the presence of any of the following 4
preexisting chronic conditions: cerebrovascular disease, congestive heart failure, kidney
disease requiring dialysis, or diabetes mellitus, as indicated by a check box on the
NHAMCS data collection form.1415 These were determined independent of the reason for
the visit and the ED provider's diagnosis fields.

Hospital staff abstracted up to 3 of the patient-reported problems, symptoms, or other
reasons for a visit as free text.141% These fields were coded centrally by the NHAMCS
personnel using a standard reason for visit classification (RVC).17:18 Using this system, we
classified individuals as having potentially typical symptoms, atypical symptoms, or no
symptoms of ACS. We defined typical symptoms of ACS as the presence of 1 or more RVC
fields coded as heart pain or chest pain (RVCs 1050 and 1265, respectively). We defined
atypical symptoms of ACS as the absence of chest pain but the presence of 1 or more RVC
fields coded as nausea (RVC 1525), vomiting (RVC 1530), heartburn or indigestion (RVC
1535), abdominal pain (excluding lower abdominal pain [RVCs 1545.0, 1545.1, and
1545.3]), palpitations (RVC 1260), other symptoms of the heart (RVC 1270), shortness of
breath (RVC 1415), dyspnea (RVC 1420), wheezing (RVC 1425), breathing problems (RVC
1430), general malaise (RVC 1025), fainting (RVC 1030), fluid abnormality (RVC 1035.0),
edema (RVC 1035.1), diaphoresis (RVC 1035.2), vertigo or dizziness (RVC 1225), jaw pain
(RVC 1055.4), neck pain (RVC 1900.1), or arm pain (RVC 1945.1). We intentionally
defined atypical symptoms of ACS broadly to capture all individuals with even the slightest
suspicion of ACS.
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We defined abnormal vital signs as a composite measure with the presence of 1 or more of
the following initial vital signs as recorded in triage: heart rate greater than 100 beats/min or
less than 60 beats/min, systolic blood pressure greater than 160 mm Hg or lessthan90 mm
Hg, diastolic blood pressure greater than 100mm Hg or less than60mmHg, respiratory rate
greater than 20 breaths/min or less than 10 breaths/min, and oxygen saturation less than
90%. Tests or services performed in the ED included blood tests, imaging studies, and
miscellaneous tests (eg, urine studies) that were ordered or provided at any time during the
ED visit. Panel tests were counted as a single test. For example, a visit with a complete
blood cell count and a comprehensive metabolic panel (electrolytes, glucose, kidney
function, and liver function panel) equates to 5 tests or services. To avoid endogeneity of our
predictor-outcome relationship, cardiac biomarkers and electrocardiograms were not
included in the number of tests or services performed.

Up to 3 ED provider's diagnoses were separately recorded for each visit as free text and then
coded centrally by the NHAMCS using the /nternational Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM). We further classified /CD-9-CM diagnoses
using the Agency for Healthcare Research and Quality (AHRQ) Clinical Classifications
Software (CCS).1® We defined a diagnosis of cardiovascular disease as the presence of 1 or
more ED provider's diagnoses mapped to the AHRQ CCS diagnoses 96 through 118, a
modified version of the AHRQ CCS disease of the circulatory system category.

Statistical Analysis

We analyzed the data using statistical software (STATA version 12.0; StataCorp LP). All
analyses used patient visit weight, strata, and primary sampling unit design variables
provided by the NHAMCS using the svy package to account for the complex survey design
and to reflect national estimates.13-16 We used Ftests for descriptive statistics. Weighted
percentages and the absolute number of visits with cardiac biomarker testing were estimated
for the overall ED population and stratified by disposition status (subsequently hospitalized
vs treat and release) and by selected patient and visit characteristics.

Predictors of cardiac biomarker testing were estimated using logistic regression, adjusting
for selected patient, visit, and ED characteristics. Model fit was assessed using an extension
of the Hosmer-Lemeshow goodness-of-fit test appropriate for survey-weighted data.2% From
the logistic regression model, we estimated the mean predicted probability of bio-marker
testing in the ED using the predictive margins command in STATA.21.22 Predictive margins
estimate the mean probability of cardiac biomarker testing if every visit in the sample had a
selected characteristic fixed at a particular value, even if the value differs from what it really
is. For example, the predicted margins for symptoms of ACS estimate the adjusted mean
probability of biomarker testing if all visits in the population were by individuals who had
no symptoms of ACS, atypical symptoms of ACS, and chest pain, respectively, while
holding all other characteristics constant. This strategy enables an examination of the
influence of a selected characteristic on the mean predicted probability of biomarker testing,
while controlling for different covariate distributions in the sample.

JAMA Intern Med. Author manuscript; available in PMC 2017 March 22.
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Results

Study Population and Characteristics

During 2009 and 2010, the NHAMCS collected data on 53 778 ED visits by adults. Of
these, 9330 visits were excluded (16.4% of weighted visits), resulting in 44 448 visits
included in this study (Figure). Based on the design of the survey, this sample of included
visits represents 169.6 million (95% Cl, 152.2-187.0 million) ED visits in the United States
during the study period. Of these included visits, individuals subsequently hospitalized
accounted for 8089 observed visits (17.8% of weighted visits), representing 30.1 million
(95% Cl, 26.2-34.0 million) ED visits, and individuals treated and released from the ED
accounted for36 359 observed visits (82.2% of weighted visits), representing 139.5 million
(95% Cl, 125.1-153.9 million) ED visits nationally. Of all ED visits, 8.8% were among
individuals with chest pain, 30.1% were among individuals with a potential atypical
symptom of ACS, and 61.1%wereamongindividu-als with no symptoms of ACS. One-
quarter of visits (25.9%) had more than 5 other tests or services performed during the visit,
and two-thirds of visits (66.5%) were unrelated to an injury or poisoning (Table 1).
Compared with treat-and-release visits, ED visits by individuals subsequently hospitalized
were significantly more likely to be among individuals who were older, had a cardiovascular
comorbidity (a symptom suggestive of ACS), and had a cardiovascular visit diagnosis (P <.
01 for all).

Observed Use of Cardiac Biomarker Testing

Overall, cardiac biomarker testing occurred in 16.9% (95% CI, 15.2%-18.7%) of all ED
visits, representing 28.6 million visits during the 2-year study period (Table 2). Stratified by
disposition status, biomarker testing occurred in 47.0% (95% ClI, 43.3%-50.8%) of visits by
individuals subsequently hospitalized, representing 14.2 million visits, and in 10.4% (95%
Cl, 9.1%-11.8%) of treat-and-release visits, representing 14.4 million visits.

Overall, biomarkers were tested in 8.2% (95% CI, 7.1%-9.5%) of visits in the absence of
ACS-related symptoms, representing 8.5 million visits, almost one-third of all visits with
biomarker testing (Table 2). In contrast, among all ED visits with biomarker testing, chest
pain was estimated to be present in only 7.7 million visits, or approximately one-quarter of
all visits with biomarker testing. In addition, 27.4% of all visits with biomarker testing did
not also have an electrocardiogram ordered, discordant with guidelines for diagnostic testing
for suspected ACS. During visits with 6 to 10 other tests or services performed, 50.3% of
individuals also had biomarker testing. Among visits by individuals subsequently
hospitalized, bio-marker testing occurred in 35.4% (95% Cl, 31.6%-39.3%) of visits by
individuals with no symptoms suggestive of ACS, representing 4.5 million visits; in 36.3%
(95% Cl, 32.1%-40.8%) of ED visits for an injury or poisoning, representing 2.3 million
visits; and in 80.5% (95% CI, 74.8%-85.2%) of visits with more than 10 other tests or
services performed, representing 1.8 million visits. Similar patterns of cardiac biomarker
testing were observed among treat-and-release visits, but with lower rates of testing.
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Predictors of Cardiac Biomarker Testing

In our adjusted analysis, age, symptoms of ACS, disposition status, ED provider's diagnosis
of cardiovascular disease, visit duration, and the number of other tests or services performed
in the ED were strongly associated with testing for cardiac bio-markers during the visit
(Table 3). The number of other tests or services performed was by far the strongest predictor
of bio-marker testing. Compared with a visit with 0 to 5 other tests or services performed in
the ED, a visit with more than 10 other tests or services performed was associated with
59.55 (95% Cl, 39.23-90.40) times the odds of biomarker testing. Disposition status was
also a strong predictor. Compared with those discharged from the ED, visits by individuals
subsequently hospitalized to a non—critical care unit were associated with 1.52 (95% ClI,
1.32-1.73) times the odds of biomarker testing.

Adjusted Probability of Cardiac Biomarker Testing by Selected Characteristics

Among all ED visits, the adjusted probabilities of biomarker testing if 0 to 5, 6 to 10, and
more than 10 other tests or services were performed were 6.3% (95% CI, 5.4%-7.3%),
34.3% (95% Cl, 30.6%-37.9%), and 62.3% (95% CI, 54.0%-70.6%), respectively (Table 4).
In the absence of ACS-related symptoms, the adjusted probability of biomarker testing was
13.0% (95% Cl, 11.2%-14.7%). Among visits by individuals subsequently hospitalized,
38.2% (95% Cl, 34.2%-42.2%) of visits by individuals seen without a symptom of ACS and
41.6% (95% ClI, 37.6%-45.5%) of visits related to an injury or poisoning were estimated to
have biomarker testing. Even among treat-and-release visits, 7.5% (95% Cl, 6.2%-8.8%) of
visits by individuals seen without a symptom of ACS, 28.6% (95% Cl, 24.8%-32.3%) of
visits with 6 to 10 other tests or services performed, and 57.7% (95% Cl, 48.5%-66.9%) of
visits with more than 10 other tests or services performed were estimated to have biomarker
testing, adjusting for patient, visit, and ED characteristics.

Discussion

In this national study, we identified high rates of cardiac bio-marker testing even among
individuals without clinical presentations suggestive of ACS. Furthermore, biomarker testing
was highly prevalent during visits with a high volume of other tests or services rendered
during the visit independent of the clinical presentation.

The high rate of testing among individuals with low suspicion of ACS is concerning because
of the potential increase in health care costs and downstream harms owing to false-positive
results. Hospitals with higher noninvasive cardiac imaging rates have higher rates of
hospitalization and angiography, which may also be true for centers and health care
providers with higher rates of cardiac biomarker testing.23 Potential consequences of
unwarranted biomarker testing include patient anxiety, diagnostic red herrings, unnecessary
cardiology consultations, and inappropriate subsequent testing and treatment.6:24 These
potential harms owing to false-positive results are more likely to affect subsequently
hospitalized patients because individuals with abnormal biomarker test results are more
likely to be hospitalized.10-12 Qur study describing the national use of cardiac biomarker
testing in the ED is the first step in gaining a better understanding of these potential harms.

JAMA Intern Med. Author manuscript; available in PMC 2017 March 22.
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Among 28.6 million visits with biomarker testing, our findings that tests occurred in at least
8.5 million visits despite the absence of symptoms of ACS represent instances of potentially
inappropriate testing. This is likely a conservative estimate because biomarker testing was
also likely unwarranted in a large proportion of those with potential atypical symptoms of
ACS. We intentionally defined atypical symptoms broadly to capture all individuals who
may have had even the slightest suspicion of ACS. However, prior literature suggests that,
among all individuals deemed to have a symptom suggestive of acute cardiac ischemia,
approximately 75% had chest pain, while only 25% were seen in the ED with atypical
symptoms.2> Extrapolating this proportion to our study population, which included bio-
marker testing in 7.7 million visits by individuals seen with chest pain, we estimate that only
2.6 million of the visits we classified as occurring among individuals with atypical
symptoms were likely to have a clinical presentation truly suggestive of ACS. In total,
cardiac biomarkers may have been appropriately tested in 10.3 million visits among
individuals with symptoms suggestive of ACS. The remainder (18.3 million, or
approximately two-thirds of the 28.6 million ED visits with biomarker testing) represents
visits where testing may have occurred among individuals in the absence of any clinical
suspicion of ACS.

The high rates of testing in a population without suspicion of ACS are particularly
concerning in the context of the impending adoption of highly sensitive cardiac biomarker
assays in the United States, which yield more false-positive test results.® For example, if we
assume a hypothetical 2% prevalence of ACS in the 8.5 million visits among individuals
with no symptoms of ACS in our study population (likely an overestimate given that this
was the observed risk among a low-probability group of individuals with symptoms
suggestive of ACS) and assume that all biomarker testing ordered in this population had test
characteristics equivalent to those of the highly sensitive troponin T assay (95% sensitivity
and 80% specificity), 1.7 million individuals would have a false-positive biomarker test
result (eg, an elevated biomarker test result in the absence of confirmed ACS).26:27 |n other
words, even this highly sensitive bio-marker test would have only an 8.8% positive
predictive value in this low-risk population. Given that the actual prevalence of ACS among
those with no symptoms suggestive of ACS is likely to be less than 2%, we estimate that the
actual number of false-positive results is higher and the positive predictive value of cardiac
biomarkers among extremely low-risk populations is even lower than this example suggests.
Further research is needed to examine the false-positive testing burden and subsequent
testing, consultations, and treatment that may follow.

Our findings highlight several potential reasons why health care providers may perform
biomarker testing even in the absence of symptoms suggestive of ACS. We found that
increasing patient age and disposition status were significant predictors of biomarker testing,
which suggests that testing occurs disproportionately among individuals perceived as being
sicker, irrespective of the presence of symptoms suggestive of ACS. We also found that the
number of other tests or services performed during the visit was by far the strongest
predictor of whether cardiac biomarkers were also tested during the visit independent of the
presence of symptoms of ACS. These findings suggest that cardiac bio-marker testing may
be a consequence of overall high-volume testing behavior. There are a multitude of potential
reasons for high-volume testing, including diagnostic uncertainty, defensive medicine, fee-
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for-service payment models, time pressure, perceived patient reassurance, and practice
culture.28-30 However, these results should be interpreted cautiously. The strong association
between high-volume testing and obtaining cardiac biomarkers may be the result of other
factors not accounted for in the NHAMCS data, including the presence of other classic risk
factors for ACS (eg, smoking), comorbidities (eg, coronary artery disease), physical
examination findings (eg, Levine sign3), and test results (eg, abnormal electrocardiogram
findings). Nonetheless, current practice guidelines suggest that, in the absence of symptoms
suggestive of ACS, the presence of these other risk factors should not be heavily weighted in
the decision to test for cardiac biomarkers in the ED.32

This study had certain limitations. First, our findings are likely conservative estimates of the
use of biomarker testing because our estimates are derived from testing that occurred only
during the ED visit and do not capture subsequent testing that may have occurred during the
hospitalization. Also, the NHAMCS data may underreport tests performed in theED.33
Second, this study is focused on the use of cardiac biomarker testing only with respect to
suspected ACS. Although evidence suggests the use of cardiac biomarker testing for risk
stratification and prognostication of other conditions (eg, pulmonary embolism, stroke,
congestive heart failure, sepsis, and chronic kidney disease),* current expert consensus
recommends testing for cardiac biomarkers only if clinically indicated for suspected ACS.
Third, the NHAMCS data do not include granular clinical data (eg, the nature of the chest
pain) that would allow for potential ascertainment of the appropriateness of biomarker
testing at the individual visit level. However, based on certain features (eg, symptoms of
ACS), we were able to reasonably identify visits with low suspicion of ACS. Fourth, results
of the cardiac biomarker tests ordered were unknown, prohibiting a direct evaluation of the
false-positive burden of overtesting. However, one retrospective analysis of consecutive
hospitalized patients with abnormal troponin values at a single medical center found a false-
positive rate of almost 80%, among whom almost half of the patients had neither chest pain
nor ischemic changes on an electrocardiogram suggestive of ACS.34 Fifth, symptoms of
ACS and a cardiovascular visit diagnosis may be underreported because the NHAMCS data
recorded up to 3 RVC fields and 3 ED provider's diagnosis fields.

Conclusions

In 2009 and 2010, cardiac biomarker testing occurred in 16.9% of all ED visits in the United
States and in 47.0% of visits by individuals subsequently hospitalized for any reason. Of
28.6 million ED visits with cardiac biomarker testing during this period, almost one-third
were among individuals without symptoms suggestive of ACS, and only approximately one-
quarter were among individuals with chest pain. Cardiac biomarkers were also frequently
tested during visits with a high volume of other tests or services independent of the clinical
presentation. Given the high use of biomarker testing in populations with a low probability
of ACS, the potential downstream costs and harms owing to false-positive test results may
be considerable. More attention is needed to better characterize these harms and to develop
strategies for targeted and appropriate use of cardiac biomarkers in this setting.
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‘ 69878 US ED visits in 2009 and 2010 ‘

> 16100 Visits by individuals <18 y of age

A 4
‘ 53778 Visits by adult individuals 18 y or older ‘

9330 Visits excluded?
2227 Seen in same ED within last 72 h
1584 Discharged from any hospital within last 7 d
4404 Follow-up visit
1238 Transferred to another facility
1433 Left against medical advice
111 Dead on arrival or in the ED
1001 Other or no disposition listed

A4

44448 Visits included for analysis (representing 169608 000 ED visits)
8089 Visits by individuals subsequently hospitalized
(representing 30117000 ED visits)
36359 Visits by individuals discharged from the ED
(representing 139491000 ED visits)

Figure. Study Flow Diagram

ED indicates emergency department.
@ Not mutually exclusive.
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Table 1
Characteristics of ED Visitsin the United States,2009-20102

Weighted % (SE)

Individuals Subsequently Individuals Discharged From
All ED Visits (Unweighted N Hospitalized (Unweighted n = the ED (Unweighted n = 36

Variable =44 448) 8089) 359)
Demographic and Clinical Characteristics
Age,y

18-29 27.1(0.3) 8.5 (0.4) 31.2(0.4)

30-49 33.9(0.3) 22.0 (0.6) 36.4 (0.3)

50-64 19.6 (0.3) 25.7 (0.6) 18.3(0.3)

265 19.4 (0.3) 43.9(0.8) 14.1 (0.4)
Female sex 58.2 (0.4) 54.8 (0.8) 58.9 (0.4)
Race/ethnicity

White, non-Hispanic 64.7 (1.6) 68.8 (1.8) 63.8 (1.7)

Black, non-Hispanic 21.1(1.5) 18.8(1.4) 21.6 (1.6)

Other 14.2 (1.1) 12.5 (1.4) 14.5 (1.1)
Primary payer

Private insurance 31.4 (0.6) 24.7 (0.9) 32.8(0.7)

Medicare 22.3(0.4) 455 (0.9) 17.3 (0.5)

Medicaid 185 (0.7) 14.2 (0.7) 19.4 (0.8)

Other or unknown 27.8(0.8) 15.5(0.7) 30.5(0.9)
Cardiovascular comorbidities, No.

0 84.3 (0.5) 63.2 (1.0) 88.9 (0.3)

1 12.9 (0.4) 27.6 (0.7) 9.7 (0.3)

2-4 2.8(0.2) 9.3 (0.6) 1.4(0.1)
Visit Characteristics
Symptom of ACS

None 61.1(0.5) 42.0(0.9) 65.3 (0.5)

Atypical 30.1 (0.4) 39.8 (0.8) 28.0 (0.4)

Chest pain 8.8 (0.2) 18.2 (0.7) 6.8 (0.2)
Visit related to an injury or poisoning

No 66.5 (0.5) 79.3(0.6) 63.7 (0.5)

Yes 33.5(0.5) 20.7 (0.6) 36.3 (0.5)
Abnormal vital signs 46.1 (0.5) 62.9 (0.8) 42.4 (0.5)
Glasgow Coma Scale score <14 2.1(0.8) 4.0 (0.9) 1.7 (0.8)
Moderate or severe pain 51.2 (1.0) 37.6(1.1) 54.1 (75.5)
Disposition status

Treat and release 82.2 (0.7) NA 100.0 (0.0)

Non-critical care unit 15.6 (0.6) 88.0 (0.6) NA
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Weighted % (SE)

Individuals Subsequently Individuals Discharged From
All ED Visits (Unweighted N Hospitalized (Unweighted n = the ED (Unweighted n = 36

Variable =44 448) 8089) 350)

Critical care unit 2.1(0.1) 12.0 (0.6) NA
Other tests or services in the ED, No.

0-5 741 (1.2) 36.3 (2.0) 82.2 (0.9)

6-10 24.1(1.1) 56.4 (1.8) 17.1(0.9)

>10 1.8(0.2) 7.3(0.7) 0.7 (0.1)
Emergent status by triage 12.3(0.5) 28.1(1.1) 8.9(0.5)
Duration of ED visit >2 h 67.9(1.4) 90.2 (0.8) 63.0 (1.4)
Cardiovascular visit diagnosis 13.5(0.4) 36.0 (1.0) 8.7(0.3)
ED Characteristics
Region

Northeast 19.3 (1.5) 23.4(2.1) 185 (1.4)

Midwest 22.5(2.5) 24.6 (3.2) 22.0 (2.5)

South 39.4 (2.7) 34.9 (3.3) 403 (2.7)

West 18.8 (1.6) 17.2 (2.0) 19.2 (1.6)
Nonmetropolitan area 18.2 (4.8) 12.4(3.8) 19.5(5.1)
Hospital owner

Nonprofit 76.1 (2.4) 82.0 (2.2) 74.9 (2.5)

Government 14.4 (2.0) 11.5(1.8) 15.0 (2.1)

Proprietary 9.5(1.8) 6.5(1.5) 10.2 (1.9)

Abbreviations: ACS, acute coronary syndrome; ED, emergency department; NA, not applicable.

aPercentages and estimated number of visits shown are weighted to reflect the complex survey design. All estimates are considered reliable (SE is
<30% of the estimate) except for the estimates for Glasgow Coma Scale less than 14 for all ED visits (38% SE) and for individuals discharged from
the ED (47% SE). All characteristics were statistically different between visits by individuals subsequently hospitalized and individuals discharged

from the ED (P< .01).
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Table 3

Predictors of Receiving Cardiac Biomarker Testing in the ED

Odds Ratio (95% CI)

Characterigtic Unadjusted Adjusted®
Age, per 10y 1.43 (1.40-1.47) 1.22 (1.17-1.27)
Female sex 0.95 (0.87-1.03) 0.90 (0.81-1.01)

Race/ethnicity

White, non-Hispanic

1 [Reference]

1 [Reference]

Black, non-Hispanic

0.90 (0.77-1.06)

1.09 (0.89-1.34)

Other

0.89 (0.74-1.07)

1.01 (0.85-1.20)

Primary payer

Private insurance

1 [Reference]

1 [Reference]

Medicare

2.44 (2.17-2.75)

0.99 (0.81-1.20)

Medicaid

0.78 (0.66-0.91)

0.94 (0.79-1.13)

Other or unknown

0.61 (0.51-0.74)

0.83 (0.67-1.01)

Cardiovascular comorbidities, No.

Page 16
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0 1 [Reference] 1 [Reference]

1 3.23 (2.90-3.59) 1.14 (0.98-1.32)

2-4 5.74 (4.69-7.02) 1.11 (0.82-1.50)
Symptom of ACS

None 1 [Reference] 1 [Reference]

Atypical 3.56 (3.21-3.96) 1.79 (1.57-2.03)

Chest pain 11.95 (10.08-14.17) 5.62 (4.47-7.05)
Visit related to an injury or poisoning 0.29 (0.27-0.32) 0.64 (0.58-0.71)
Abnormal vital signs 1.76 (1.62-1.90) 1.02 (0.91-1.14)
Glasgow Coma Scale score <14 1.40 (0.83-2.34) 0.83 (0.52-1.35)
Moderate or severe pain 0.56 (0.51-0.62) 0.67 (0.60-0.75)

Disposition status

Treat and release 1 [Reference] 1 [Reference]

Non-critical care unit 7.32 (6.45-8.30) 1.52 (1.32-1.73)

Critical care unit 11.14 (8.95-13.85) 1.71 (1.32-2.21)
Cardiovascular visit diagnosis 8.07 (6.99-9.31) 2.59 (2.15-3.11)

Other tests or services in the ED, No.

0-5 1 [Reference] 1 [Reference]

6-10 21.70 (18.22-25.83)  13.65 (11.41-16.32)

>10 76.20 (53.39-108.75)  59.55 (39.23-90.40)
Emergent status by triage 3.00 (2.54-3.54) 1.06 (0.88-1.29)
Duration of ED visit >2 h 5.98 (5.03-7.11) 1.64 (1.38-1.95)
Region

JAMA Intern Med. Author manuscript; available in PMC 2017 March 22.
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Characteristic

Odds Ratio (95% CI)

Unadjusted

Adjusted®

Northeast

1 [Reference]

1 [Reference]

Midwest

1.01 (0.72-1.41)

1.16 (0.73-1.85)

South

0.92 (0.68-1.25)

1.07 (0.74-1.54)

West

1.13 (0.77-1.65)

1.67 (0.98-2.83)

Nonmetropolitan area

0.66 (0.49-0.89)

1.12 (0.78-1.63)

Hospital owner

Nonprofit

1 [Reference]

1 [Reference]

Government

0.79 (0.61-1.02)

0.98 (0.72-1.34)

Proprietary

0.55 (0.34-0.88)

0.74 (0.41-1.33)

Abbreviations: ACS, acute coronary syndrome; ED, emergency department.

H\Neighted multivariable logistic regression model adjusted for the covariates listed above, accounting for the complex survey design.
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Table 4

Adjusted Probability of Cardiac Biomarker Testing in the ED by Selected
Characteristics?

Page 18

Characteristic

% (95% Cl)

All ED Visits

Individuals Subsequently Hospitalized

Individuals Discharged From the ED

Mean probability of testing overall

16.9 (15.1-18.6)

47.0 (43.3-50.8)

10.3 (9.0-11.7)

Age

10y Younger than median

14.0 (12.1-15.8)

43.3 (39.2-47.4)

8.4 (7.1-9.7)

Median

155 (13.6-17.3)

46.4 (42.5-50.4)

9.5 (8.1-10.8)

10 y Older than median

17.0 (15.2-18.9)

49.6 (45.7-53.4)

10.7 (9.3-12.1)

Symptom of ACS

None

13.0 (11.2-14.7)

38.2 (34.2-42.2)

7.5 (6.2-8.8)

Atypical

17.4 (15.6-19.3)

475 (43.6-51.5)

11.0 (9.5-12.4)

Chest pain

28.8 (25.8-31.8)

65.1 (60.4-69.8)

20.9 (18.2-23.6)

Visit related to an injury or poisoning

No 17.6 (15.7-19.4) 48.4 (44.6-52.3) 10.9 (9.5-12.3)
Yes 14.3 (12.6-16.0) 41.6 (37.6-45.5) 8.4 (7.2-9.6)
Cardiovascular visit diagnosis

No 15.0 (13.3-16.8) 41.6 (37.8-45.5) 9.3 (8.0-10.6)
Yes 23.3(20.6-25.9) 56.7 (52.2-61.2) 16.1 (13.9-18.2)

Other tests or services in the ED, No.

0-5

6.3 (5.4-7.3)

16.6 (13.8-19.4)

4.1 (3.5-4.8)

6-10

34.3 (30.6-37.9)

60.6 (56.6-64.8)

28.6 (24.8-32.3)

>10

62.3 (54.0-70.6)

83.8 (79.0-88.6)

57.7 (48.5-66.9)

Abbreviations: ACS, acute coronary

syndrome; ED, emergency department.

a_ . . . - - . . . . - .
Estimates obtained from a weighted multivariable logistic regression model adjusted for the covariates listed above plus race/ethnicity, primary
payer, cardiovascular comorbidity count, Glasgow Coma Scale score, pain level, triage status, duration of ED visit, and ED characteristics (region,
metropolitan status, and hospital owner), accounting for the complex survey design.
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