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Study objective: The real-world effectiveness and safety of a O/1-hour accelerated protocol using high-sensitivity cardiac troponin
(hs-cTn) to exclude myocardial infarction (MI) compared to routine care in the United States is uncertain. The objective was to
compare a 0/1-hour accelerated protocol for evaluation of Ml to a 0/3-hour standard care protocol.

Methods: The RACE-IT trial was a stepped-wedge, randomized trial across 9 emergency departments (EDs) that enrolled 32,609
patients evaluated for possible MI from July 2020 through April 2021. Patients undergoing high-sensitivity cardiac troponin |
testing with concentrations less than or equal to 99th percentile were included. Patients who had Ml excluded by the 0/1-hour
protocol could be discharged from the ED. Patients in the standard care protocol had O- and 3-hour troponin testing and
application of a modified HEART score to be eligible for discharge. The primary endpoint was the proportion of patients discharged
from the ED without 30-day death or MI.

Results: There were 13,505 and 19,104 patients evaluated in the standard care and accelerated protocol groups, respectively, of
whom 19,152 (58.7%) were discharged directly from the ED. There was no significant difference in safe discharges between
standard care and the accelerated protocol (59.5% vs 57.8%; adjusted odds ratio (aOR)=1.05, 95% confidence interval [CI] 0.95
to 1.16). At 30 days, there were 90 deaths or Mls with 38 (0.4%) in the standard care group and 52 (0.4%) in the accelerated
protocol group (aOR=0.84, 95% Cl 0.43 to 1.68).

Conclusion: A 0/1-hour accelerated protocol using high-sensitivity cardiac troponin | did not lead to more safe ED discharges
compared with standard care. [Ann Emerg Med. 2024;m:1-10.]

Please see page XX for the Editor's Capsule Summary of this article.
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INTRODUCTION
Background

Over 20 million individuals are evaluated for myocardial
infarction (MI) in emergency departments (EDs) annually in
the United States." Estimates are that 5% of these individuals
have an acute coronary syndrome.” Prior guidelines
recommend measurement of biomarkers and cardiac testing,’

The cost of this strategy is $5 to $10 billion annually in the

United States, possibly contributing to ED crowding, which
. 4.6
can lead to worse outcomes when compared to no crowding.”

Importance

High-sensitivity cardiac troponin (hs-cTn) assays allow
quantification below the 99th percentile (MI threshold).”
Observational studies show that MI evaluation protocols
with measurements at 0 and 1 hours using values less than
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Editor’s Capsule Summary

What is already known on this topic

Diagnostic protocols for myocardial infarction using
high sensitivity troponin measurements at 0 and 1
hour have high negative predictive value and low
rates of 30-day adverse outcome in protocol-negative
patients.

What question this study addressed

Does a 0/1-hour accelerated protocol reduce the
proportion of patients safely discharged from the
emergency department compared to a 0/3-hour
standard care protocol?

What this study adds to our knowledge

A 0/1-hour accelerated protocol did not reduce the
proportion of patients safely discharged compared to
standard care but was noninferior in terms of 30-day
adverse events.

How this is relevant to clinical practice

A 0/1-hour accelerated protocol safely reduced the
time to rule out myocardial infarction, but other
factors may be more important in determining the
proportion of patients discharged.

the 99th percentile have high negative predictive value.>”
Nonrandomized studies implementing high-sensitivity
cardiac troponin T 0/1-hour protocols show low 30-day
death/MI rates.'”'" Prospective randomized trials outside
the United States evaluating accelerated protocols utilizing
hs-cTn within 1 hour report low 30-day death/MI rates
and demonstrate that accelerated protocols are not inferior
to traditional strategies.'”'* Recent guidelines recommend
using accelerated protocols, reporting hs-cTn less than 99th
percentile, and discharge of low-risk patients without
further cardiac testing or application of a risk score.'’
However, there is concern that reporting hs-cTn values less
than 99th percentile may lead to unnecessary
revascularization procedures.''”

Goals of This Investigation

To date, all randomized prospective trials evaluating
accelerated protocols have been performed outside of the
United States, and the real-world effectiveness and safety in
this distinct practice environment are not known. The
primary trial aim was to evaluate the real-world result of a
0/1-hour accelerated protocol compared to a 0/3-hour
standard care protocol on the proportion of patients safely

discharged from the ED (no 30-day death/MI). Secondary
aims were to evaluate 30-day outcomes: death, MI, or
coronary revascularization procedures in patients
discharged from the ED or observation unit.

MATERIALS AND METHODS

Study Design and Population

RACE-IT (Rapid Acute Coronary Syndrome Exclusion
using high-sensitivity I cardiac Troponin) was a
prospective, stepped-wedge, randomized trial enrolling
consecutive patients evaluated for MI in 9 EDs within
Henry Ford Health in Michigan: 5 hospital-based (1 large
urban, 4 suburban) and 4 free-standing suburban sites
(NCT04488913). The protocol has been published.'®"”
Patients undergoing high-sensitivity cardiac troponin I (hs-
cTnl) testing and an electrocardiogram were included.
Exclusion criteria included: age less than 18 years, ST-
segment elevation MI, hs-cTnl levels more than 18 ng/L in
the ED, trauma, transfers from another facility, residence
outside Michigan, and hospice. Patients were enrolled only
once. The Institutional Review Board approved the trial
and granted waiver of consent. Beckman Coulter funded
the study. Race was self-reported. Authors are solely
responsible for the design/conduct of the study, analyses,
and manuscript content.

Randomization and Intervention

The order in which EDs applied the accelerated protocol
was randomly assigned using a computerized random
number generator. Sites had 3 phases of implementation in
3-week intervals (Table E1, available at http://www.
annemergmed.com). The first phase was standard care, and
data were collected. In the second phase, the accelerated
protocol was introduced, but without data collection. In
the third phase, use of the accelerated protocol was
recommended, and data were collected.

An hs-cT'nl assay (Access, Beckman Coulter) was used.
This assay has a 99th percentile of 18 ng/L, limit of
detection 0of 0.3 ng/L, and limit of quantitation of 0.8 ng/L.
The accelerated protocol was based on a published protocol,
where MI could be excluded in three ways (Figure 1).”
Patients who had MI excluded within 1 hour could be
considered for discharge directly from the ED without use of
a modified HEART score.”” The protocol advised (but did
not mandate) that further hs-cTnl testing should be
considered in patients who presented less than 3 hours after
symptom onset. Patients who were not ruled out within 1
hour had hs-cTnl measurement at 3 hours and could be
considered for discharge if the modified HEART score was
less than 4 and all hs-cTnl values were less than or equal to 18
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Figure 1. Suspected myocardial infarction low-risk disposition algorithms. hr, hour; hs-cTnl, high-sensitivity cardiac troponin I.

ng/L. Thus, in the accelerated protocol, only patients with
intermediate hs-cTnl (5 to 18 ng/L) values required
application of a modified HEART for risk stratification.
Documentation of the HEART score in the medical record
was not mandated.

Under standard care management, MI was excluded if
hs-cTnl values were less than or equal to 18 ng/L at
presentation and 3 hours. However, to be discharged
without further cardiac testing, patients had to have a
modified HEART score less than 4. The 3-hour time
interval is consistent with guidelines when only values
above the 99th percentile are reported.” Concentrations
below 18 ng/L were not reported to clinicians in the
standard care protocol. These protocols were guidelines,
and clinical judgment could supersede their clinical use.

Study Outcomes

The primary endpoint was safe discharge, defined as the
proportion of patients safely discharged from the ED
without 30-day death/MI. Thus, the primary endpoint
combined safety and effectiveness elements. We
hypothesized that patients in the accelerated protocol arm
would have a higher proportion of safe ED discharges.
Secondary endpoints were evaluated at 30 days in those
discharged from the ED or observation unit and included
the composite endpoint of death or MI and coronary
revascularization procedures. We hypothesized the
accelerated protocol would not be inferior to standard care

regarding safety (30-day death/MI). Outcomes were

identified from the electronic record (Epic Systems) in
patients who were discharged from the ED or observation
unit and returned to any ED within 30 days. Twelve
institutions in Michigan (Table E2, available at http://
www.annemergmed.com) use Epic and all participate in a
health information exchange.

The diagnosis of MI was adjudicated according to the
Fourth Universal Definition of MI, which requires a
change in cardiac troponin values with at least one value
more than 99 percentile and at least one of the following:
ischemic symptoms, ischemic ECG findings, new wall
motion abnormality, or coronary angiographic findings.”’
Two staff clinicians (cardiologists or emergency physicians)
reviewed each case, and a third was responsible for final
adjudication when there was disagreement. Cardiac versus
noncardiac death was determined by the reviewing
physicians in accordance with a consensus document.”
Additional deaths were determined by accessing the
National Death Index (accessed April 2022). For deaths
determined by the National Death Index, diagnostic codes
consistent with a cardiovascular cause of death (120-
125,146,149) were considered cardiac.”’

Statistical Analysis

The binary primary endpoint (safe discharge) was
analyzed using generalized linear mixed models, adjusting
for ED site (random effect), time because the initial start
date, age, sex, race, ethnicity, history of coronary artery
disease, and group (standard care vs accelerated protocol)
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indicator. The intraclass correlation coefficient from this
model was reported to illustrate the importance of
controlling for ED site as a random effect. The secondary
endpoints (30-day death/MI) and revascularization
procedures were analyzed using similar modeling adjusting
for the same covariates where possible.

We performed a preplanned noninferiority analysis
on the safety outcome (30-day death/MI) using the
risk difference and calculated the 95% confidence
interval (CI) using a bootstrapping method.
Noninferiority was considered when the upper limit of
the 95% CI was below a 0.5% noninferiority margin.
We chose this margin based on the assumption that
the overall 30-day death/MI incidence would approach
0.4%, and a noninferior protocol would require a
safety outcome less than 1%. We also performed a
sensitivity analysis on the primary endpoint that used
the same generalized linear mixed model and included
only patients without coronavirus disease 2019
(COVID-19) infection. Post-hoc analyses assessed the
primary endpoint while limiting the accelerated
protocol based on various rule-out categories. Assuming
variable cluster size (coefficient of variance 0.4), an
alpha of 0.05, and 90% power, we estimated that a
sample size of 11,070 patients would be needed to test
our primary endpoint with an absolute effect difference
of 5% (40% safe discharge in the standard care group
vs 45% safe discharge in the accelerated protocol). We
present adjusted odds ratios with 95% Cls where
appropriate. Mixed models were performed using
PROC GLIMMIX in SAS software 9.4. We report
details on model building and performance in a
statistical supplement (Appendix E1, available at http://
www.annemergmed.com).

RESULTS
Study Sites and Population

The study period was from July 8, 2020, to April 3,
2021. There were 32,609 eligible patients (Figure 2b). A
total of 19,152 (58.7%) patients were discharged from the
ED and analyzed for the primary endpoint; 22,345
(68.5%) patients were discharged from the ED or
observation unit and included in secondary analyses. There
were 10,264 patients admitted to the hospital. Clinical
characteristics are shown in Table 1. Patients in the
standard care group had more comorbidities and
accelerated protocol patients more commonly had
COVID-19 infection. The 2 most common chief
complaints were chest pain 9,691 (29.7%) and shortness of
breath 6,114 (18.8%) (Table 2).

Primary and Secondary Outcomes

In the accelerated protocol group, 11,040 (57.8%)
patients had safe discharge compared to 8,037 (59.5%)
patients in the standard care group (adjusted odds ratio
[aOR]=1.05, 95% CI 0.95 to 1.16). When excluding
patients with COVID-19, the odds of safe ED discharge
were greater in the accelerated protocol (aOR=1.14, 95%
CI 1.03 to 1.25) (Table 3). The intraclass correlation
coefficient of the site effect was 0.26, which indicates that
26% of the variability in safe discharge was associated with
the site effect.

Among those patients who had MI excluded within 1
hour using the accelerated protocol, there was a
significantly higher proportion of safe ED discharges
(74.1%) compared to standard care (59.5%) (aOR=1.67,
95% CI 1.48 to 1.89). Among those patients who did not
have MI excluded within 1 hour, there was a significantly
lower proportion of safe ED discharges using the
accelerated protocol (38.1%) when compared to standard
care (59.5%) (@OR=0.68, 95% CI 0.61 to 0.77). There
was considerable variation across the ED sites (Table E3,
available at http://www.annemergmed.com). To explore
clustering by provider, a sensitivity analysis was performed
on the primary outcome where first ED provider was
included as a random effect. The effect estimate and 95%
ClIs were nearly identical.

At 30 days, there were 64 deaths (56 noncardiac, 8
cardiac) and 26 MIs among patients discharged from the
ED or observation unit (Table 4). None of the 26 patients
with Mls died within the 30-day follow-up period. There
were 8 type 1 and 18 type 2 MIs, including more type 2
MIs in the accelerated protocol. Of the 8 type 1 Mls, 1
patient had a cardiology consult, and 1 patient had hospital
admission recommended but refused. There was no
significant difference in the rate of death or MI at 30 days
comparing the accelerated protocol (52 events, 0.40%) to
standard care (38 events, 0.40%) groups (aOR=0.84, 95%
CI 0.43 to 1.68) (Table 4). The estimated adjusted risk
difference between accelerated protocol and standard care
was -0.068%, and the 95% bootstrap CI was (-0.43% to
0.2%), which was within our prespecified noninferiority
margin of 0.50%. We report subanalyses on the secondary
endpoints among those discharged from the ED (Table E4,
available at http://www.annemergmed.com).

At 30 days, there were 32 revascularization procedures in
patients discharged from the ED or observation unit. There
was no significant difference in revascularization procedures
in the accelerated protocol and standard care groups
(Table 4). Similarly, there were no differences in
revascularization procedures when including all admitted
patients. The standard care group had 55 patients with at
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A 9 clusters (EDs) assessed for eligibility and randomly
assigned based on 11 periods.
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From ED:

Usual Care Accelerated Protocol
9 clusters participated . 0 clusters participated
R B Period 1
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Average size (SD) = 348 (225) Peniod2
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Average size (SD) = 269 (200) Average size (SD) = 464 (137)
5 clusters participated Period 5 3 clusters participated*
Average size (SD) = 231 (192) Average size (SD) = 422 (105)
4 clusters participated Period 6 4 clusters participated*
Average size (SD) = 289 (218) Average size (SD) = 553 (233)
3 clusters participated period 7 5 clusters participated*
Average size (SD) = 237 (237) Average size (SD) = 405 (234)
2 clusters participated period 8 6 clusters participated*
Average size (SD) = 60 (15) Average size (SD) = 385 (176)
1 cluster participated Period 9 7 clusters participated*
Size =50 Average size (SD) = 407 (163)
0 clusters participated period 10 8 clusters participated*
Average size (SD) =358 (173)
0 clusters participated 5 9 clusters participated
ESHod LY Average size (SD) = 453 (282)

Assessed for eligibility
n = 47,608

Troponin >18ng/L (n= 12,098)

Eligible patients
n=32,609

Y

Transfers (n= 1,409)

> ¢ Trauma (n=655)
.

Hospice (n = 466)
Out of State (n = 371)

A

Standard care
n=13,505

v

Accelerated protocol
n= 19,104

Admittedto
hospital
n = 6,247 (32.7%)

From ED:

n = 3,529 (26.2%)
From Observation:
n =488 (3.6%)

n=5,619 (29.4%)
From Observation:
n =628 (3.3%)

Discharged from
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Used for
secondary
outcomes
n=22,345

Discharged from
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n = 12,857 (67.3%)

n = 9,488 (70.3%)

A4

e N
Discharged Used for primary Discharged
from ED outcome |70 from ED
n = 8,070 (59.8%) n=19,152 n = 11,082 (58.0%)

.

Figure 2. A, Consort diagram—cluster allocation. B, Consort diagram—intervention assignment and disposition. *ED, emergency
department.
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Table 1. Entire study cohort.

Demographics

Standard Care
(N=13,505)

Accelerated

Protocol (N=19,104)

Age, y, median (25th,
75th percentile)

Sex
Man
Woman
Unknown

Race
Black
Other*
White

Ethnicity
Hispanic or Latino
Not Hispanic/Latino
Unknown

Medical history
Hypertension
Diabetes
Hyperlipidemia
Coronary artery disease

Peripheral vascular
disease

Congestive heart failure

Abdominal aortic
aneurysm

Atrial fibrillation
Chronic kidney disease
Chronic lung disease

Renal function, median
(25" to 75"
percentile)

Serum
creatinine (mg/dL)
eGFR
(mL/min/1.73 m?)
Site setting
Suburban
Urban
SARS-CoV-2 PCR positive

*Further characterization of the other category is shown in Table E10 (available at

http://www.annemergmed.com).

60 (46, 73)

5,701 (42.2%)
7,803 (57.8%)
1 (0.0%)

3,047 (22.6%)
1,301 (9.6%)
9,157 (67.8%)

398 (2.9%)
12,657 (93.7%)
450 (3.3%)

6,733 (49.9%)
2,959 (21.9%)
2,595 (19.2%)
1,575 (11.7%)
546 (4.0%)

1,572 (11.6%)
139 (1.0%)

1,345 (10.0%)
2,989 (22.1%)
2,930 (21.7%)

0.88 (0.72, 1.09)

87 (66, 103)

12,801 (94.8%)
704 (5.2%)
467 (3.5%)

58 (45, 71)

8,198 (42.9%)
10,902 (57.1%)
4 (0.0%)

6,345 (33.2%)
2,500 (13.1%)
10,259 (53.7%)

860 (4.5%)
17,474 (91.5%)
770 (4.0%)

8,870 (46.4%)
4,138 (21.7%)
3,024 (15.8%)
2,053 (10.7%)
783 (4.1%)

1,930 (10.1%)
130 (0.7%)

1,547 (8.1%)

3,658 (19.1%)
3,762 (19.7%)

0.88 (0.72, 1.08)
88 (67, 104)
14,019 (73.4%)

5,085 (26.6%)
1,416 (7.4%)

least 1 revascularization procedure (51 percutaneous
coronary interventions, 5 coronary artery bypass graft

surgeries, 0.41%) compared to 63 patients with at least one

revascularization procedure (53 percutaneous coronary
interventions, 11 coronary artery bypass graft surgeries,
0.33%) in the accelerated protocol group (accelerated

protocol vs standard care, aOR=0.63, 95% CI 0.31 to
1.30).

Characteristics of the 16 patients who were not admitted
but had a type 1 MI or cardiovascular death within 30 days
are shown (Tables E5 and EO6, available at hetp://www.
annemergmed.com). Only 1 of the type 1 MI patients in
the accelerated protocol arm had MI excluded within 1
hour, and no patients who experienced cardiac death were
ruled out within 1 hour. Of the type 2 MI patients, the
most common primary diagnosis was infection (8 patients);

COVID-19 was diagnosed in 6 of these patients.

Effectiveness of the 0/1-Hour Protocol

In the accelerated protocol cohort, 9,015 patients (47.2 %)
ruled out for MI at presentation, and 1,430 (7.5%) ruled out
for MI at 1 hour (Table E7, available at http://www.
annemergmed.com). Thus, 10,445 (54.7%) patients had MI
excluded within 1 hour. Comorbid conditions (hypertension,
diabetes mellitus, heart failure, and kidney disease) were more
prevalent in EDs that did not experience an increase in safe
discharges with the accelerated protocol (Table E8, available
at http://www.annemergmed.com). Overall, a greater
percentage of patients in the accelerated protocol group
(48.5%) had only 1 hs-cTnl test ordered compared to the
standard care arm (24.0%) (Table E9, available at http://

www.annemergmed.com).

LIMITATIONS

Due to the large size of the cohort, we relied on review
of statewide health information exchange records and the
National Death Index to determine adverse events.
Although we cannot be certain, this may have affected both
groups similarly. Values of hs-cTnl from 4 to 18 ng/L in
the standard care arm were not available, so we could not
directly compare patients in the 2 groups using their actual
hs-cT'nl concentrations. Based on our sensitivity analysis, it
appears that a higher rate of COVID-19 infection in the
intervention arm may have influenced our findings,
reducing the proportion of patients considered for
discharge. Competing demands of the COVID-19
pandemic may have also limited clinician education and
implementation of the new 0/1-hour algorithm. HEART
scores were not recorded, and we cannot quantify how
many more patients would have been classified as low risk
using the accelerated protocol. There are health systems in
the Detroit area that do not participate in the state health
information exchange, and we may have had incomplete
30-day follow-up for some patients, leading to missed
adverse events. The statistical model adjusted for coronary
artery disease but did not factor in other comorbid
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Table 2. Presenting chief complaint in entire cohort.

Chief Complaint Number (%)
Total 32,609

9,691 (29.7%)
6,114 (18.8%)
3,424 (10.5%)

Chest pain
Shortness of breath
Suspected COVID-19

Abdominal pain 1,693 (5.2%)
Dizziness 1,478 (4.5%)
Palpitations 1,402 (4.3%)
Falls 976 (3.0%)
Nausea/Vomiting 946 (2.9%)
Fatigue 902 (2.8%)
Syncope 795 (2.4%)
High blood pressure 761 (2.3%)
Altered mental status 679 (2.1%)

Others 3,748 (11.5%)

conditions. Last, sex-specific cutoft points were not used for
determination of MI, which has been recommended by

26
some.

DISCUSSION

We report 4 major findings. First, the study did not
meet its primary endpoint as the accelerated protocol was
not superior to standard care in the proportion of patients
who were safely discharged from the ED. Excluding
patients with COVID-19, however, there was an increase
in the odds of safe ED discharge in the accelerated protocol
compared to standard care. In addition, in those for whom
MI was excluded within 1 hour using the accelerated
protocol (54.7%), there was a significant increase in the
proportion of safe ED discharges compared to the standard
care group. These patients were eligible for ED discharge
irrespective of their modified HEART score. Adverse event
rates were similar in the accelerated protocol and standard
of care.

Table 3. Safe emergency department discharge.

In patients who did not have MI excluded within 1
hour, there was a decrease in the odds of safe ED discharge
compared to the standard care group. The 0/1-hour
protocol is less likely to be effective in some subsets.
Diabetes mellitus, heart failure, hypertension and chronic
kidney disease are associated with chronically elevated
cardiac troponin levels, and such patients are less likely to
have MI excluded within 1 hour. These patients are more
likely to have a first hs-cTnl value in the intermediate range
(5 to 18 ng/L), whereas with the prior standard care
protocol, an intermediate cardiac troponin value was
reported as less than 18 ng/L. Physicians may be less likely
to discharge a patient with an intermediate cardiac troponin
value and order further testing. Clinicians use cardiac
troponin testing broadly, including patients with mental
status change, dyspnea, and suspected COVID-19. Only
29.7% had chest pain as the chief complaint. This is
considerably less than the 81% presenting with chest pain
in a related trial of suspected MI in Scotland.”’

Second, this study confirms that the accelerated protocol
was not inferior to the standard care regarding 30-day
death/MI in patients not admitted to the hospital. The 30-
day death/MI rate was only 0.4% in the both groups,
which is identical to the 30-day death/MI rate in the Rapid
Assessment of Possible Acute Coronary Syndrome in the
Emergency Department with High-Sensitivity Troponin T
(RAPID-TnT) trial."” This supports the safety of
accelerated protocols, such as the Beckman Coulter hs-
cTnl assay used here, for real-world applications, which
have diminished reliance on risk scores for disposition
decisionmaking and are included in the American Heart
Association/American College of Cardiology chest pain
guidelines.'”’

Third, in those patients who had MI excluded within
1 hour, most did so at presentation. Among 10,445
patients with MI excluded within 1 hour, more than
85% were excluded at time 0. Also, in the accelerated
protocol, a greater percentage of patients had only 1 hs-

Accelerated Absolute (%) Adjusted

Disposition Patients Standard Care Protocol Difference (95% Cl) OR (95% CI)
Entire cohort N=32,609 N=13,505 N=19,104

Safe discharge 19,077 (58.5%) 8,037 (59.5%) 11,040 (57.8%) 1.7 (1.697 to 1.704) 1.05 (0.95 to 1.16)
Excluding COVID-19 patients* N=30,726 N=13,038 N=17,688

Safe discharge 18,403 (59.9%)

Cl, confidence interval; OR, odds ratio.

7,837 (60.1%)

10,566 (59.7%) 0.4 (0.398 to 0.404) 1.14 (1.03 to 1.25)

*Although the percentage of patients in the standard care arm that had a safe ED discharge was more than that of the accelerated protocol arm, after adjusting for the covariates
the accelerated protocol arm had greater odds of safe ED discharge compared to the standard care arm.
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cT'nl drawn (48.5%) as compared to the standard care
group (24.0%). This finding underscores the potential
for improved efficiency within the ED. However, the
large urban hospital-based ED had a greater percentage
of patients with only 1 hs-cTnl assessment in the
standard care arm. Patients in the urban setting more
commonly had comorbidities associated with chronically
elevated cardiac troponin levels. A physician may order
only 1 cardiac troponin assessment when symptoms
occurred many hours ago. In this case, in the standard
care arm, the value would be less than or equal to 18 ng/L,
and MI would be excluded. However, in patients with
significant comorbidities, who were enriched in our
population that included “all comers,” this value could be
15 ng/L in the accelerated protocol arm and lead to further
cardiac troponin testing. Thus, when using the accelerated
protocol in a population with comorbidities leading to
chronic cardiac troponin elevation, there may be an increase
in hs-cTnl measurements that may blunt some of the
beneficial effects in the lower risk patients.

Fourth, there was no difference in 30-day
revascularization procedures. These findings are reassuring.
Some studies consider a revascularization procedure within
30 days as an adverse event in patients not admitted.”*” In
addition, there have been concerns that the reporting of
low hs-cTn levels may lead to more revascularization
procedures, some of which may be unnecessary, which we
did not observe.'>"”

This pragmatic, real-world randomized trial adds
important information relevant to the use of hs-cTn assays.

As some authors have noted, real-world randomized
application trials are rare but important as they involve
patients in whom novel protocols are used for clinical
management so that both benefits and potential deficits can
be probed, which cannot occur in observation trials.”® The
present study has several important strengths. It is the first
randomized study to compare the safety and effectiveness a
0/1-hour to 0/3-hour protocol with a hs-cTnl assay to rule
out MI. The RAPID-TnT trial was the only other
randomized trial comparing a hs-cTn 0/1-hour to 0/3-hour
protocol, but this study occurred outside the United States,
involved only 3,378 patients, and used a high-sensitivity
cardiac troponin T assay.'” Studies of different hs-cTn
assays are important as there are potentially important
differences between hs-cT'nl and high-sensitivity cardiac
troponin T during episodes of transient ischemia.”’ We
enrolled a diverse cohort of consecutive patients, which is
representative of how hs-cTn testing is used in the United
States, where such testing is used more broadly than in
other countries. Although ST-segment elevation MI
patients were excluded, those with other ischemic ECG
changes were included. We included a large proportion of
Black patients providing information on a population that
is significantly underrepresented in non-United States-
based trials. Four of the 9 sites were free-standing EDs,
which have not been included in many clinical trials.
Finally, we found considerable variation in the primary
endpoint depending on the ED site. This suggests that the
influence of the accelerated protocol likely will depend on
site-specific characteristics such as practice patterns and

Table 4. Death, myocardial infarction, and revascularization procedures within 30 days (among those discharged from the ED or

observation unit).

Accelerated Adjusted Odds

Events All Standard Care Protocol Ratio (95% CI)
Participants, n (%) 22,345 9,488 12,857

Myocardial infarction/all-cause death* 90 (0.40%) 38 (0.40%) 52 (0.40%) 0.84 (0.43-1.68)
All-cause death* 64 (0.29%) 33 (0.35%) 31 (0.24%) 0.65 (0.29-1.47)
Noncardiac death* 56 (0.25%) 29 (0.31%) 27 (0.21%) 0.53 (0.22-1.27)
Cardiac death’ 8 (0.04%) 4 (0.04%) 4 (0.03%) 2.54 (0.42-15.48)
Myocardial infarction* 26 (0.12%) 5 (0.05%) 21 (0.16%) 1.98 (0.50-7.93)
Type 1* 8 (0.04%) 4 (0.04%) 4 (0.03%) 0.67 (0.15-3.01)
Type 2* 18 (0.08%) 1 (0.01%) 17 (0.13%) 23.57 (2.37-234.39)
Revascularization procedure 32 (0.14%) 14 (0.15%) 18 (0.14%) 0.99 (0.25-3.87)
Coronary artery bypass surgeryJr 5 (0.02%) 3 (0.03%) 2 (0.02%) 1.13 (0.12-10.41)
Percutaneous coronary intervention 28 (0.13%) 12 (0.13%) 16 (0.12%) 1.02 (0.24-4.29)

Cl; confidence interval.

*Model was not adjusted for site as a random effect due to limitations in model fitting for low event frequency. Logistic regression was used instead.
TModel was not adjusted for site as a random effect due to limitations in model fitting for low event frequency. Firth logistic regression (due to the very rare outcome) was used

instead.

*Model was not adjusted for time because initial start due to limitation in model fitting for low event frequency.
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patient populations. Although beyond the scope of our
trial’s planned primary analysis, this heterogeneity suggests
a need for future work on site-specific performance of
accelerated protocols.

In conclusion, our application trial of a 0/1-hour
accelerated protocol to exclude MI using hs-cTnl did not
increase the odds of safe discharge from the ED overall.
Within sensitivity analyses, there was increased odds of safe
discharge in the accelerated protocol compared to standard
care when excluding patients with COVID-19 and also
when limiting the accelerated protocol to those who had
MI excluded within 1 hour. However, in those who did not
have MI excluded within 1 hour, there was a decrease in
the odds of safe discharge. Finally, the introduction of the
accelerated protocol was not inferior to standard care

regarding 30-day rates of death or ML

James McCord and Joseph Miller had full access to all of the
data and take responsibility for the integrity of the data and
accuracy of the data analysis.

Supervising editor: Steve Goodacre, PhD. Specific detailed
information about possible conflict of interest for individual editors
is available at https://www.annemergmed.com/editors.

Author affiliations: From the Henry Ford Hospital (Miller, Cook,
Krupp, Klausner, Perrotta, Tang, Todter, Khan, Bole, Nasseredine,
Oudeif, Asala, Mohammed, Kazem, Malette, Singh-Kucukarslan,
Morton, Alsaadi, Mahmood, Schock, Konowitz, Fuchs, Joyce,
Heath, Vieder), Detroit, MI; Heart and Vascular Institute (Gandolfo,
Parikh, Nour, Gindi, Hudson, Zweig, Lanfear, H. Kim, McCord)
Henry Ford Health, Detroit, MI; The Usher Institute (Mills, Keerie,
Babel), University of Edinburgh, Edinburgh, UK; Wake Forest
University School of Medicine (Mahler, Shamoun, Broome)
Winston-Salem, NC; Wayne State University School of Medicine
(Levy, Dangoulian, Xu, Wittenberg, Desai), Detroit, MI; Henry Ford
West Bloomfield Hospital (Lewandowski, Bills, Rockoff), West
Bloomfield, MI, USA; Henry Ford Wyandotte Hospital (Gunaga,
Digiacinto, Shaheen, Shaheen, Muller, Plemmons) Wyandotte, Ml;
Henry Ford Macomb Hospital (Affas, Tabbaa, Colucci), Clinton
Township, MI; and Henry Ford Allegiance Hospital (B. Kim),
Jackson, MI.

Author contributions: JiMc, JoMi, BC, NM, SM, PL, and SK
conceived the study, and designed the trial. SP, KN, HK, RG, AL,
MH, GP, BZ, DL, and HK adjudicated endpoints (myocardial
infarction and death). SD, AT, ET, and CK provided statistical advice
on study design and analyzed the data. All other authors were
involved with either data collection or assisting in the
implementation of the new protocol. JiMc drafted the manuscript
and all authors contributed to its revision. JiMc takes responsibility
for the paper as a whole. JoMi takes final responsibility of the data
in the manuscript.

Data sharing statement: Deidentified data and a data dictionary
are available on reasonable request.

Authorship: All authors attest to meeting the four ICMJE.org
authorship criteria: (1) Substantial contributions to the conception
or design of the work; or the acquisition, analysis, or interpretation
of data for the work; AND (2) Drafting the work or revising it
critically for important intellectual content; AND (3) Final approval
of the version to be published; AND (4) Agreement to be
accountable for all aspects of the work in ensuring that questions
related to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Funding and support: By Annals’ policy, all authors are required to
disclose any and all commercial, financial, and other relationships
in any way related to the subject of this article as per ICMJE conflict
of interest guidelines (see www.icmje.org). Joseph Miller reports
the following: Beckman Coulter, Research Support and Consulting;
Siemens, Consulting; and AstraZeneca, Consulting. Bernard Cook
reports the following: Abbott, Research Support; Beckman Coulter,
Research Support and Consulting; and Roche, Research Support.
David Lanfear reports the following: Abbott Laboratories, Amgen,
Astra Zeneca, Cytokinetics, DCRI (CONNECT-HF), Illumina, Janssen,
Lilly, Martin Pharmaceuticals, Ortho Diagnostics, Otsuka,
Somalogic, Vicardia. Simon Mahler reports the following: funding/
support from Roche Diagnostics, Abbott Laboratories, Ortho
Clinical Diagnostics, Siemens, Grifols, Pathfast, Quidel, and HRSA
(1H2ARH399760100). In addition, Simon Mahler is an advisor for
Roche Diagnostics, Abbott Laboratories, Genetesis, Quidel,
Inflammatix, Radiometer, and Amgen and the Chief Medical Officer
for Impathiq Inc. Phillip Levy is the past chair of the American
College of Cardiology (ACC) Accreditation Oversight Committee and
a current member of the ACC NCDR Oversight Committee and the
NCDR Chest Pain/MI Registry Publications Committee; he was also
Vice chair for the ACC/AHA Chest Pain Guidelines. Dr. Levy has
served as a consultant for Quidel, Siemens, Roche Diagnostics,
Ortho Diagnostics, Beckman Coulter, Pathfast, and the Baim
Institute. James McCord reports the following: Roche, Research
Support; Abbott, Research Support; Siemens, Research Support
and Consulting; and Beckman Coulter, Research Support and
Consulting. Nicholas Mills has received honoraria or consultancy
from Abbott Diagnostics, Roche Diagnostics, Siemens
Healthineers, and Lumira Dx, and the University of Edinburgh has
received research grants from Abbott Diagnostics and Siemens
Healthineers supported by Chair, Program and Research
Excellence Awards (CH/F/21/90010, RG/20/10/34966, RE/18/
5/34216) from the British Heart Foundation. The other coauthors
report no disclosures.

Publication dates: Received for publication August 23, 2023.
Revisions received November 24, 2023; March 22, 2024, and
April 17, 2024. Accepted for publication April 19, 2024.

Trial registration number: NCTO4488913

REFERENCES
1. Hollander JE, Than M, Mueller C. State-of-the-art evaluation of
emergency department patients presenting with potential acute
coronary syndromes. Circulation. 2016;134:547-564.
2. Hsia RY, Hale Z, Tabas JA. A national study of the prevalence of life-
threatening diagnoses in patients with chest pain. JAMA Intern Med.
2016;176:1029-1032.

Volume W, NO. B : W 2024

Annals of Emergency Medicine 9


https://www.annemergmed.com/editors
http://ICMJE.org
http://www.icmje.org
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref1
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref1
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref1
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref2
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref2
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref2

Rapid Acute Coronary Syndrome Evaluation Over One Hour With High-Sensitivity Cardiac Troponin I

Miller et al

10.

11.

12.

13.

14.

15.

. Amsterdam EA, Wenger NK, Brindis RG, et al. 2014 AHA/ACC guideline

for the management of patients with non-ST-elevation acute coronary
syndromes: a report of the American College of Cardiology/American
Heart Association Task Force on Practice Guidelines. Circulation.
2014;130:e344-e426.

. Go AS, Mozaffarian D, Roger VL, et al. Heart disease and stroke

statistics-2014 update: a report from the American Heart Association.
Circulation. 2014;129:e28-€292.

. Guttmann A, Schull MJ, Vermeulen MJ, et al. Association between

waiting times and short term mortality and hospital admission after
departure from emergency department: population based cohort study
from Ontario, Canada. BMJ. 2011;342:d2983.

. Diercks DB, Roe MT, Chen AY, et al. Prolonged emergency

department stays of non-ST-segment-elevation myocardial infarction
patients are associated with worse adherence to the American
College of Cardiology/American Heart Association guidelines for
management and increased adverse events. Ann Emerg Med.
2007;50:489-496.

. Apple FS, Collinson PO, IFCC Task Force on Clinical Applications of

Cardiac Biomarkers. Analytical characteristics of high-sensitivity
cardiac troponin assays. Clin Chem. 2012;58:54-61.

. Mueller C, Giannitsis E, Christ M, et al. Multicenter evaluation of a

0-hour/1-hour algorithm in the diagnosis of myocardial infarction
with high-sensitivity cardiac troponin T. Ann Emerg Med.
2016;68:76-87.

. Nowak RM, Christenson RH, Jacobsen G, et al. Performance of novel

high-sensitivity cardiac troponin | assays for 0O/1-hour and 0/2- to 3-
hour evaluations for acute myocardial infarction: results from the
HIGH-US study. Ann Emerg Med. 2020;76:1-13.

Nestelberger T, Boeddinghaus J, Wussler D, et al. Predicting major
adverse events in patients with acute myocardial infarction. J Am Coll
Cardiol. 2019;74:842-854.

Twerenbold R, Costabel JP, Nestelberger T, et al. Outcome of applying
the ESC 0/1-hour algorithm in patients with suspected myocardial
infarction. J Am Coll Cardiol. 2019;74:483-494.

Anand A, Lee KK, Chapman AR, et al. High-sensitivity cardiac
troponin on presentation to rule out myocardial infarction: a
stepped-wedge cluster randomized controlled trial. Circulation.
2021;143:2214-2224.

Chew DP, Lambrakis K, Blyth A, et al. A randomized trial of a 1-hour
troponin T protocol in suspected acute coronary syndromes: the Rapid
Assessment of Possible Acute Coronary Syndrome in the Emergency
Department With High-Sensitivity Troponin T Study (RAPID-TnT).
Circulation. 2019;140:1543-1556.

Carlton EW, Ingram J, Taylor H, et al. Limit of detection of troponin
discharge strategy versus usual care: randomised controlled trial.
Heart. 2020;106:1586-1594.

Gulati M, Levy PD, Mukherjee D, et al. 2021 AHA/ACC/ASE/CHEST/
SAEM/SCCT/SCMR guideline for the evaluation and diagnosis of chest
pain: a report of the American College of Cardiology/American Heart
Association Joint Committee on Clinical Practice Guidelines.
Circulation. 2021;144:e368-e454.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Wang G, Wang J, Wu S, et al. Clinical impact of using a more sensitive
troponin assay in patients with acute chest pain. Clin. Cardiol.
2019;42:561-567.

Sanchis J, Garcia-Blas S, Mainar L, et al. High-sensitivity versus
conventional troponin for management and prognosis assessment of
patients with acute chest pain. Heart. 2014;100:1591-1596.

Miller J, Cook B, Singh-Kucukarslan G, et al. RACE-IT - Rapid Acute
Coronary Syndrome Exclusion using the Beckman Coulter Access high-
sensitivity cardiac troponin I: A stepped-wedge cluster randomized
trial. Contemp Clin Trials Commun. 2021;22:100773.

Rapid Acute Coronary Syndrome Exclusion Using High-sensitivity |
Troponin (RACE-IT). Accessed May 21, 2024. https://www.clinicaltrials.
gov/study/NCT04488913

Christenson RH, Duh SH, Mullins KE, et al. Analytical and clinical
characterization of a novel high-sensitivity cardiac troponin assay in a
United States population. Clin Biochem. 2020;83:28-36.
Boeddinghaus J, Nestelberger T, Twerenbold R, et al. High-sensitivity
cardiac troponin | assay for early diagnosis of acute myocardial
infarction. Clin. Chem. 2019;65:893-904.

McCord J, Cabrera R, Lindahl B, et al. Prognostic Utility of a Modified
HEART Score in Chest Pain Patients in the Emergency Department.
Circ Cardiovasc Qual Outcomes. 2017;10.

Thygesen K, Alpert JS, Jaffe AS, et al. Fourth Universal Definition of
Myocardial Infarction (2018). J Am Coll Cardiol. 2018;72:2231-2264.
Hicks KA, Mahaffey KW, Mehran R, et al. 2017 cardiovascular and
stroke endpoint definitions for clinical trials. Circulation.
2018;137:961-972.

Olubowale OT, Safford MM, Brown TM, et al. Comparison of expert
adjudicated coronary heart disease and cardiovascular disease
mortality with the National Death Index: results from the REasons for
Geographic And Racial Differences in Stroke (REGARDS) Study. J Am
Heart Assoc. 2017;6:e004966.

Apple FS, Daniels LB, Mills NL, Nordestgaard B. Biomarkers in
cardiovascular disease: utility in diagnosis, risk assessment, and
therapy. Clin Chem. 2021;67:1-3.

Shah ASV, Anand A, Strachan FE, et al. High-sensitivity troponin in the
evaluation of patients with suspected acute coronary syndrome: a
stepped-wedge, cluster-randomised controlled trial. Lancet.
2018;392:919-928.

Allen BR, Christenson RH, Cohen SA, et al. Diagnostic performance of
high-sensitivity cardiac troponin T strategies and clinical variables in a
multisite US cohort. Circulation. 2021;143:1659-1672.

Cortes M, Haseeb S, Lambardi F, et al. The HEART score in the era of
the European Society of Cardiology O/1-hour algorithm. Eur Heart J
Acute Cardiovasc Care. 2020;9:30-38.

Sandoval Y, Jaffe AS. Raising the bar for clinical cardiac troponin
research studies and implementation science. Circulation.
2021;143:2225-2228.

Arnadottir A, Pedersen S, Bo Hasselbalch R, et al. Temporal release of
high-sensitivity cardiac troponin T and | and copeptin after brief
induced coronary artery balloon occlusion in humans. Circulation.
2021;143:1095-1104.

10 Annals of Emergency Medicine

Volume m, NO. B : ® 2024


http://refhub.elsevier.com/S0196-0644(24)00235-X/sref3
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref3
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref3
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref3
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref3
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref4
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref4
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref4
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref5
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref5
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref5
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref5
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref6
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref6
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref6
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref6
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref6
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref6
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref7
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref7
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref7
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref8
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref8
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref8
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref8
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref9
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref9
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref9
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref9
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref10
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref10
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref10
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref11
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref11
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref11
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref12
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref12
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref12
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref12
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref13
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref13
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref13
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref13
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref13
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref14
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref14
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref14
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref15
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref15
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref15
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref15
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref15
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref16
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref16
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref16
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref17
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref17
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref17
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref18
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref18
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref18
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref18
https://www.clinicaltrials.gov/study/NCT04488913
https://www.clinicaltrials.gov/study/NCT04488913
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref20
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref20
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref20
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref21
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref21
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref21
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref22
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref22
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref22
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref23
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref23
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref24
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref24
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref24
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref25
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref25
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref25
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref25
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref25
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref26
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref26
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref26
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref27
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref27
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref27
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref27
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref28
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref28
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref28
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref29
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref29
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref29
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref30
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref30
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref30
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref31
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref31
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref31
http://refhub.elsevier.com/S0196-0644(24)00235-X/sref31

	Rapid Acute Coronary Syndrome Evaluation Over One Hour With High-Sensitivity Cardiac Troponin I: A United States-Based Step ...
	Introduction
	Background
	Importance
	Goals of This Investigation

	Materials and Methods
	Study Design and Population
	Randomization and Intervention
	Study Outcomes
	Statistical Analysis

	Results
	Study Sites and Population
	Primary and Secondary Outcomes
	Effectiveness of the 0/1-Hour Protocol

	Limitations
	Discussion
	References




