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Abstract

Aim: Evaluate the diagnostic and prognostic performance of the ESC 0/1H Algorithm and its utility in safely
discharging patients with suspected Acute Coronary Syndrome (ACS) in the Emergency Department.

Methods: This analysis is a retrospective cohort study of 3,156 patients presenting to an academic medical center
emergency department (ED) between May 20, 2019 and May 31, 2020. After completing the Beckman Coulter
Access High Sensitivity Troponin | (hs-Tnl) assay per current institution protocol (TO, T1H, T3H), patients
identified to have symptoms concerning ACS were retrospectively analyzed using the ESC O/1H Algorithm to
assess the safety and efficacy of a rule-out algorithm for early discharge.

Results: The negative predictive value (NPV) of the protocol (T, < 6 pg/mL; or females with T, <15 pg/mL and
T,<£15 pg/mL; or males with T, <20 pg/mL and T, < 20 pg/mL) was 99.4% (95%Cl: 99.0-99.7%) for acute
myocardial injury at the initial ED visit (index ED visit) and/or 30-day cardiac-related death. The negative
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likelihood ratio was 0.08 (95%CI: 0.05%-0.13%), and the specificity was 86.3% (95%CIl: 85.0-87.5%).

Conclusion: The protocol was found to have a NPV greater than 99% and a negative likelihood ratio of 0.08,
suggesting it is safe to use for patients presenting to the ED with ACS symptoms no matter the time of symptom
onset.

Keywords: High sensitivity troponin, emergency medicine, myocardial infarction

INTRODUCTION

Myocardial infarction (MI) is a condition affecting 790,000 patients each year in the United States alone'’.
Acute myocardial injury (AMI) presentations account for up to 10% of total emergency department visits,
and over 1 million annual hospital discharges are related to the diagnosis of coronary artery disease
(CAD)™". Having the capability to rapidly and accurately diagnose ACS is paramount to early and effective
initiation of guideline-directed management'.

The current (fourth) Universal Definition of MI Expert Consensus Document updates the previous
definition to accommodate the increased use of high-sensitivity cardiac troponin (hs-cTn) and includes
acute myocardial injury (AMI)". These assays have higher precision at low concentrations and are
considered much more sensitive, enabling the development of standardized diagnostic approaches for ACS
and acute versus chronic myocardial injury. However, widespread adoption of hs-cTn has been limited by
concerns of reduced specificity.

Whereas Canada and countries in Europe and Asia have studied high-sensitivity troponin I and T (hs-cTnl
and hs-cTnT, respectively) clinically for many years, the United States’ more recent adoption means hs-cTn
characterization studies, such as cutoff determination for ruling-in or -out ACS and specifically AMI, are

[6-8]

needed to understand the clinical implications in these populations'**®.

The European Society of Cardiology’s most recent update to its 0/1h-algorithm extends the number of
patients eligible for triage towards rule-out of AMI to those with low hs-cTnT/I concentrations at
presentation and NO relevant change (rise AND/OR fall) in hs-cTnT/I concentrations after 1th. “The 2020
guidelines of the European Society of Cardiology (ESC) for the first time also recommended a novel ESC
o/2h-algorithm, which combines the single-measurement rule-out approach with the o/2h-algorithm. This
novel ESC o/2h-algorithm is recommended as the preferred alternative to the ESC 0/1h-algorithm in early
triage towards rule-out and/or rule-in of NSTEMI""".. However, the overall performance of the ESC 0/2h-
hs-cTnI-algorithm was comparable to the ESC 0/1h-hs-cTnl/T-algorithms, e.g., in 4 recent validation
studies of the ESC 0/1h-hs-cTnl/T-algorithms, the NPV were 99.7%-100%, the sensitivity 98.9%-100%, the
PPV 62.3%-76.8%, the specificity 89.6%-95.9%, and the overall triage efficacy 67%-75% """\

Current recommendations for high-sensitivity cardiac troponin-I (hs-cTnl) assays include serial testing at
0 (To), 1 (T1), and 3 (T3) hours. Utilization of hs-cTn assays allows earlier rule-out and detection of AMI
and better prediction of 30-day cardiac-related deaths as an outcome"*". Additionally, detailed
stratification in a prospective multicenter study evaluated a hs-cTnT assay’s performance with the European
Society of Cardiology 0/1h algorithm, exclusive to European sites""”. There is a significant need to determine
the safety and efficacy of each assay, based on the type of troponin and manufacturer, to improve healthcare
utilization and patient-care outcomes.
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Our academic medical center is the first hospital system to implement the Beckman Coulter hs-TnI assay in
the United States. Using this assay, our study aims to determine whether an early rule-out pathway based on
the ESC 0/1-h algorithm could be used to safely discharge patients presenting to the ED with symptoms
concerning ACS.

Background

Of all patients who present to EDs with ACS symptoms, less than 10% experience myocardial
infarction"**”. Though most patients presenting with ACS symptoms do not have AMI, evaluation of these
patients can result in costly imaging and monitoring, long hospital stays, and unnecessary hospital
admissions"”. While it is crucial not to miss a cardiac diagnosis, not every rule out ACS patient can be
admitted due to limited resources and risks associated with hospitalization. This leaves the healthcare
system with a pressing need for safe and effective early AMI rule-out protocols”. An economic analysis by
Shortt et al. found that early AMI rule-out protocols can benefit both patients and the healthcare system.
They compared costs between the utilization of different lab tests (cTnI, hs-cTnl, hs-cTnT, glucose, and/or
hemoglobin A1C) for ruling out AMI in the ED and found that algorithms incorporating hs-cTnlI for early
rule-out were the most cost effective, despite the initial extra cost for hs-cTnl tests™”. A stepped-wedge
cluster randomized controlled trial found that an early rule-out hs-cTnI protocol reduced the length of
hospital stays by an average of 3.3 h and the chance of hospital re-admission by 59%”**.. Another analysis
suggested the overall reduction in economic costs of using a 1-h algorithm compared to standard of care
(SOC) are in the range of 30-46%"".

Despite the immense need for early AMI rule-out protocols and consistent findings demonstrating safety
and cost effectiveness, there has been slow adoption among EDs, due to fear of litigation in case of missed
AMIs as well as previous studies which raised concerns about the generalizability of such protocols and
recommended only applying them in low-risk populations"***. Further, research on 0/1-h hs-cTnI
protocols specifically has been lacking.

In the Emergency Department, early rule-out algorithms utilizing high-sensitivity troponin assays provide a
way to rule-out AMI with an acceptable tradeoff between speed and safety. Such algorithms allow for
improved diagnostic accuracy, timely treatment, and safe discharge.

METHODS

This retrospective cohort study was conducted at a single large academic medical center with an adult
emergency department and two freestanding emergency departments. Upon implementation of the hs-Tnl
assay, this institution elected to use a To, 1, and 3-h serial strategy. The subjects in this study were seen in
the EDs between May 20, 2019 and May 31, 2020 with symptoms concerning acute coronary syndrome
(ACS) and had a completed troponin series.

Assay

The Beckman Coulter Access High Sensitivity Troponin I (hsTnl) assay was implemented on the DxI 800
analyzer in the Core Laboratory and the Access analyzer in the free-standing emergency departments. This
chemiluminescent sandwich immunoassay has a run time of approximately 15 min and is performed on 55
microliters of serum or plasma. According to the package insert, the Beckman Coulter hs-cTnI assay meets
the two fundamental criteria of a “high-sensitivity” assay: (1) the assay is capable of measuring cTnl
concentrations at or above the LoD in 2 50% of healthy individuals; (2) the error measurement
corresponding to the 99th percentile is < 10%*’),
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The cutpoints were achieved through consensus of key stakeholders from the laboratory, ED, and
cardiology, following review of the package insert for sex-specific cutpoints. The interpretation of hs-Tnl
was determined to be as follows: < 15 pg/mL: within normal range for females; < 20 pg/mL: within normal
range for males; > 100 pg/mL: suspected acute myocardial injury; and for all other values: delta guidelines/
algorithm will be used””***”. Researchers from our institution previously published a correlation study in
the Journal of Applied Laboratory Medicine validating the institution’s cutpoints"’.

Exclusion criteria

An electronic heath record report was generated for the study period indicating ICD-10 codes for
myocardial infarction (MI), ACS, or AMI and 30-day death. During the study period, there were 26,987
subjects seen at the UF Health ED who had a troponin level measured. 23,831 of those subjects were
excluded because they did not have symptoms concerning for ACS, left against medical advice (AMA), left
without being seen (LWBS), eloped, or were found to have STEMI at the index ED visit, leaving 3,156
subjects to be included in the analysis. Subjects were determined to have symptoms concerning for ACS if
they met the following criteria: (1) chest pain was listed as their first complaint in the EMR; and (2) any
secondary complaint was one of the ACS symptoms listed in the American College of Cardiology’s Chest
Pain Accreditation Conformance Database (Version 7) except cardiac arrest which was excluded (i.e.,
abdominal pain/indigestion, arm pain, back/shoulder/scapula pain, confusion/altered mental status,
diaphoresis, dizziness, fatigue/weakness, jaw pain, nausea/vomiting, palpitations, shortness of breath/
dyspnea, or syncope). The process of inclusion and exclusion of study participants is shown in Figure 1.

Cohort assignment

Based on hs-Tnl To, 1h and delta results, the subjects were categorized into a rule-out, observation, or rule-
in group. The rule-out group was comprised of those with hs-Tnl To < 6 pg/mL or females To and 1h < 15
pg/mL or males To and 1h < 20 pg/mL. The observation group was comprised of females with hs-TnI To or
th > 15 pg/mL and < 100 pg/mL or males with hs-TnI To or 1h > 20 pg/mL and < 100 pg/mL. The rule-in
group was comprised of those with To or 1th >100 pg/mL or delta > 15 pg/mL.

Analysis

Manual chart adjudication was performed on subjects with myocardial infarction, ACS, or AMI ICD-10
coding to validate ACS. Adjudication was also performed for those with a 30-day death outcome by two
separate adjudicators and a third if necessary to identify confirmed or suspected cardiac-related cause. Any
unknown cause of death was considered cardiac-related.

A negative predictive value (NPV) of NSTEMI and 30-day death was calculated for subjects in the rule-out
category. A positive predictive value (PPV) of NSTEMI and 30-day death was calculated for subjects in the
rule-in category. Likelihood ratios (LRs) were calculated for all groups. Based on local policy, this was
determined to be QI and not human subjects research and designated QIPR Project ID 1124.

RESULTS

Key demographics and characteristics of the subjects analyzed can be found below in Table 1. Based on the
triage algorithm, 2,551/3,156 (81%) subjects were placed in the “rule-out” group, 347/3,156 (11%) were
placed in the “observation” group, and 258/3,156 (8%) were placed in the “rule-in” group [Table 2]. The
overall efficacy of the algorithm, defined by the proportion of subjects within either the “rule-in” or “rule-
out” group, was 89%.
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Table 1. Subject demographics and characteristics

n 3157
Females 1591 (50.4%)
Median age years 55

Median BNP 40 pg/mL
Median eGFR 60 mL/min/1.73M2
Median creatinine 0.9 mg/dL
Troponin measurements met the definition of acute myocardial injury* 307 (9.7%)
ED Disposition**

To Home 1568 (49.7%)
Observation 405 (12.8%)
Inpatient 1184 (37.5%)
Received Catheterization 269 (8.5%)
Received Cardiology Consult*** 511 (16.2%)

*According to the Fourth Universal Definition of Myocardial Infarction (2018), the criteria for “myocardial injury” is met if there is a troponin
measurement over the 99th percentile URL, and myocardial injury is considered “acute” if there is a rise and/or fall in troponin levels"™. This was
based on all troponin measurements available from ED index visit, whereas the protocol was based off only the first two measurements (TO and
T1). **ED Disposition is the fate of the subject from the ED. “To Home" indicates the subject was treated and discharged without being admitted.
“Observation” indicates the subject was kept for further observation, either in the ED or in the hospital, but never became an inpatient. “Inpatient”
indicates the subject was admitted from the ED or from observation. As this is a retrospective study, ED disposition decisions were independent
of whether the protocol placed a subject in the “rule-out”, “observation”, or “rule-in" group. ***Cardiology consult may have occurred during ED
visit or hospitalization.

Table 2. Classification of 3,156 subjects by 0/1-h Algorithm using hs-cTnl

Disease Rule-out Observation Rule-in Total
No AMI/30d Cardiac Death 2536 318 84 2938
AMI/30d Cardiac Death 15 29 174 218
Total 2551 347 258 3156

The negative predictive value (NPV) of the protocol (T, < 6 pg/mL; or females with T, < 15 pg/mL and
T, <15 pg/mL; or males with T, < 20 pg/mL and T, < 20 pg/mL) was 99.4% (95%ClI: 99.0%-99.7%) for AMI
at index and/or 30-day cardiac-related death [Figure 2]. The negative likelihood ratio was 0.08
(95%Cl: 0.05-0.13), and the specificity was 86.3% (95%Cl: 85.0%-87.5%). The sensitivity of the protocol to
place a subject with an adverse event in the “rule-in” group was 79.8% (95%CI: 73.7%-84.8%), and the
sensitivity of the protocol to place a subject with an adverse event in either the “rule-in” group or
“observation” group was 93.1% (95%CI: 88.7%-96.0%).

Within the “rule-out” group, there were 15/2,551 (0.6%) subjects who went on to experience one of the
defined Major Adverse Cardiovascular Events (MACE) outcomes, with 9 (0.4%) having an index MI and 6
(0.2%) experiencing cardiac related-death within 30 days of index visit. These 15 subjects are further
characterized below in Table 2. All 15 of these subjects were admitted, including one subject who left AMA
after being accepted for admission but before being transitioned to inpatient care.

Table 3 provides an overview of the 15 subjects in the “rule-out” group who experienced index NSTEMI or
30-day cardiac-related death. The descriptions in the column titled “MACE” were derived from ICD-10
codes and chart review (rather than from troponin values), and they do not necessarily align with the
definition of myocardial injury set by the Fourth Universal Definition of Myocardial Infarction (2018) of
having an elevated c¢Tnl above the 99th percentile®”. Of the 15 subjects who were “ruled out” by the
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Table 3. Characteristics of all 15 subjects in the “rule-out” group who experienced index NSTEMI or 30-day cardiac-related death
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ECG Initial . Troponin1 Troponin3 MaxA Me? f.o.urth Acute. vs: ED
.. BMI > HEART troponin . definition of chronic
MACE Age Race Ethnicity Sex at hour value hour value troponin . . di ition¥
30 arrival  S€ore value (pg/mL) (pg/mL) (pg/mL) myocardial myocardial isposition
(pg/mL) P P P injury* injury**
Cardiac arrest secondaryto 60  Black  Non- Male  No Non- Not 8 8 8 0 No Inpatient
HFrEF within 30 days or AA  Hispanic ischemic documented
Death of unknown cause 79  White Non- Female No Non- 7 6 6 7 1 No Inpatient
within 30 days (assume Hispanic ischemic
cardiac-related)
STEMI within 30 days 55 Black Non- Male  No Non- Not 13 n 8 5 No Inpatient
or AA  Hispanic ischemic documented
Death of unknown cause 66  White Non- Male  No Non- Not 17 16 N/A 1 No Observation
within 30 days (assume Hispanic ischemic documented
cardiac-related)
Death of unknown cause 49  Black Non- Female Yes Ischemic 5 14 13 15 2 No Decision to
within 30 days (assume or AA  Hispanic Admit#*
cardiac-related)
Complete heart block and 72 White Non- Male  No Non- Not 17 19 19 2 No Inpatient
septic shock secondary to Hispanic ischemic documented
endocarditis within 30 days
NSTEMI (occluded PDA; no 68  Black Non- Male  No Non- 5 5 5 n 6 No Inpatient
targets for revascularization or AA  Hispanic ischemic
in recent left heart
catheterization)
NSTEMI, type Il 81  White Non- Female No Non- 6 15 15 15 0 No Observation
Hispanic ischemic
NSTEMI 62 White Non- Male  Yes Non- Not 12 18 237 225 Yes Acute Inpatient
Hispanic ischemic documented
NSTEMI 38 White Non- Female Yes Non- 4 10 15 33 23 Yes Acute Inpatient
Hispanic ischemic
NSTEMI 67  White Non- Male  Yes Non- Not 10 14 34 24 Yes Acute Inpatient
Hispanic ischemic documented
NSEMI (cath showed CAD 52 White Non- Male  No Non- 5 12 20 27 15 Yes Chronic Inpatient
with high-grade stenosis of Hispanic ischemic
mid LAD and moderate
disease in mid RCA)
NSTEMI 75  White Non- Female No Non- Not 5 7 121 né6 Yes Acute Observation
Hispanic ischemic documented
NSTEMI, type Il 43 White Non- Female No Non- 2 5 n 77 72 Yes Acute Inpatient
Hispanic ischemic
NSTEMI 7 Black  Non- Female Yes Non- 7 5 7 31 26 Yes Acute Inpatient
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or AA  Hispanic ischemic

*The “Met Fourth Definition of Myocardial Injury” column shows whether the subject met the definition of myocardial injury set by the Fourth Definition of Myocardial Infarction. For females: any troponin
measurement > 15. For males: any troponin measurement > 20. **The “Acute vs.Chronic Myocardial Injury” column shows whether the subject met the definition of acute or chronic myocardial injury according to
the Fourth Definition of Myocardial Infarction. ***ED Disposition is the fate of the subject from the ED. “To Home" indicates the subject was treated and discharged without being admitted. “Observation” indicates
the subject was kept for further observation, either in the ED or in the hospital, but never became an inpatient. “Inpatient” indicates the subject was admitted from the ED or from observation. As this is a
retrospective study, ED disposition decisions were independent of whether the protocol placed a subject in the “rule-out”, “observation”, or “rule-in" group. ****For this subject, the ED provider made the decision to
admit. However, the subject left AMA after leaving the ED but before receiving inpatient care.

algorithm and went on to experience adverse outcomes, 7/15 (46.7%) met that definition””. Because the protocol utilized only the first two measurements (To
and T1), subjects with two initial low troponins (To and T1) but a high troponin measured later during the index visit (e.g., T3) were “ruled out” by the
protocol although “myocardial injury” was present according to the Fourth Universal Definition of Myocardial Infarction. Of those 7 subjects, 3 were “ruled
out” after a single hs-Tnl measurement (T0) and 4 were “ruled out” after two (To and T1). In all of these cases, the ED providers chose to admit them.

According to the Fourth Universal Definition of Myocardial Infarction (2018), “the term myocardial injury should be used when there is evidence of elevated
cardiac troponin values (cTn) with at least one value above the 99th percentile upper reference limit (URL)...the term acute myocardial injury should be used
when there is acute myocardial injury with evidence of acute myocardial ischemia and with detection of a rise and/or fall of ¢Tn values...”". In this analysis, a
“significant rise and/or fall of ¢Tn values” was defined as a change in ¢Tn greater than 15 pg/mL (delta 1h > 15 pg/mL). Myocardial injury was designated
“acute myocardial injury” if delta 1th > 15 pg/mL and “chronic myocardial injury” if delta 1h < 15 pg/mL [Table 2].

DISCUSSION

In this retrospective cohort study, we evaluated a 0,1-h hs-cTnlI protocol for ruling out AMI among patients presenting to an academic health center ED with
ACS symptoms over a one-year period. The protocol was found to have an NPV greater than 99% and negative likelihood ratio of 0.08, suggesting it is safe to
use for patients presenting to the ED with ACS symptoms no matter the time of symptom onset. Though the pre-test probability of AMI has a median
prevalence of 12% across studies”"’, the negative likelihood ratio of the protocol is sufficiently low that the post-test probability of AMI would be low despite a
higher pre-test probability””. Because our analysis yielded a high NPV in a broad, diverse population of 3,156 patients over a year-long period, it is reasonable
to generalize the findings.

Upon review of the literature, there has not been a previous analysis of the efficacy of the 0,1-h hs-cTnlI protocol using the Beckman Coulter assay in a patient
population of this size. The findings provide evidence of the efficacy and safety of the protocol using the Beckman Coulter hs-cTnl assay to rule out AMI, for
application in other EDs.
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Patient encounters with at least
one measured troponin (¢Tnl):
n=26,987

EXCLUDED (n=23831)
No ACS symptoms present (n=22,851)
Left AMA (n=282)
Eloped (n=T7)
LWBS (n=6)
Left During Treatment (n=4)
Other (r=681)

L J

Eligible for analysis:

n=3,156
Subjects adjudicated *:
n=153
v v
Index Visit Outcome 30-Day Outcome
NSTEMI Diagnosis Present: Cardiac Related-Death Present:
=208 (6.6%) =12 (0.4%)
v
Primary Outcome: 30-Day MACE Yy
MACE Present: Free of 30-Day MACE
=218 (6.9%) Outcomes:
n=2,938 (93.1%)

* Adjudication criteria (i.e. death, eGFR<15) and study period (i.e. Index Visit, 30-Day
follow-up) are not mutually exclusive.

Figure 1. Inclusion and exclusion of study subjects.

When implementing such a protocol at other institutions, it is of utmost importance to use the cut-offs
recommended for the assay being used, as cutoffs are assay-specific and vary significantly”. Failure to do so
could decrease the NPV of the protocol, resulting in patients with AMI being incorrectly “ruled-out” and

reducing safety of the protocol.

In our analysis, only 6.9% of the patients who presented to the UF Health EDs with ACS symptoms over a
one-year period experienced index NSTEMI or 30 day cardiac-related death based on ICD-codes and
adjudication. This is consistent with many studies of early myocardial infarction rule-out protocols which
have less than 10% of patients with MI"*”. The literature substantiates our results that support the safety of a
0,1-h hs-cTnl protocol. The high NPV of our analysis is consistent with the results of multiple previous
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ED Patients with
Suspected AMI
n = 3,156
I

[ I

Oh<6pg/mL OR

Female: Oh<=15pg/mL
AND 1h<=15pg/mL Other

Male: 0h<=20 pg/mL
AND 1h<=20pg/mL

""Observati-n"

AMI/30d Cardiac
Death NPV: 99.4% LR: 1.2
(2536/2551) (29/218):(318/
LR: 0.08 2938)
(15/218):(2536/293
8)

Figure 2. Performance measures of a 0/1-h protocol, adapted from ESC Guidelines.

studies of early rule-out hs-cTnl protocols, which also had NPVs greater than 99%*'>***. Additionally,
several studies have shown safety of a 0,1-h hs-cTnT protocol, providing further evidence of the safety of a
0,1-h hs-cTn protocol in general®”*. The 2020 ESC Guidelines for the Management of Acute Coronary
Syndromes in Patients Presenting Without Persistent ST-Elevation recommends using a 0/1-h or 0/2-h hs-
cTnl algorithm for ruling out AMI"". Anand et al. also found that an early rule-out hs-cTnl protocol
reduced hospital admissions and length of hospital stays without a difference in hospital readmission or all-
cause mortality””. The high NPVs of this analysis and others evaluating 0/1-h hs-cTnl protocols suggests
that such a protocol may be safely applied at other institutions.

Safety of a 0,1-h protocol using hs-cTnT has been shown in populations of over 3,000 patients in multiple
studies but not using hs-cTnI®****. Our study expands on prior studies of 0,1-h hs-cTnI protocols
performed with smaller samples, allowing for greater generalizability of the findings"*'***. Further, few prior
studies have specifically evaluated the protocol using the Beckman Coulter Access High Sensitivity
Troponin I (hsTnl) assay.

Further studies examining the cutoff values for early rule-out hs-cTn protocols may be warranted. Of note,
3/15 (0.2%) of the subjects who were “ruled-out” by the protocol but went on to experience AMI or 30d
cardiac death were “ruled-out” based on borderline troponin values. In other words, if the cutoff levels had
been decreased by one, these subjects would have been placed in the “observation” group, increasing the
NPV of the protocol. Further, Sandoval et al. found that individuals with an undetectable troponin level (hs-
c¢TnT<3) had similar risk of incident atherosclerotic cardiovascular disease (ASCVD) as those with a
coronary artery calcium (CAC) of zero'”. This suggests that small changes in high-sensitivity troponin may
be significant at low levels, supporting the need for careful determination of cutoff levels.
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Despite its high NPV, the protocol should be applied in combination with provider judgement for optimal
safety. Boeddinghaus et al. recommends that in addition to an early rule-out hs-TnlI protocol, patients
presenting with chest pain should first have an ECG to rule-out STEMI, followed by evaluation with repeat
ECG, history (including chest pain characteristics), physical exam, and troponin measurement at 3 h when
clinical decision-making suggests AMI"*. Additionally, they emphasize that not every patient ruled out by
such a protocol can be discharged, depending on other conditions present"*. Twerenbold et al.
recommends that optimal usage of hs-cTnl/T assays is with a rapid rule-out algorithm and within the
context of an institutional standard operating procedure'*’. In this analysis, the protocol incorrectly placed
15/2,551 (0.6%) subjects in the “rule-out” group (these patients went on to experience AMI and/or 30-day
cardiac death). Despite the protocol placing these patients in the “rule-out” group, the ED providers
appropriately made the decision to admit all 15 of these patients.

The 2020 ESC Guidelines for the Management of Acute Coronary Syndromes in Patients Presenting
Without Persistent ST-Elevation recommends that the minimum PPV for a rule-in strategy should be
70%"". Though the PPV of this protocol was 67.4% and not high enough to justify using it as a standalone
diagnostic tool, further research is warranted on the use of 0/1-h protocols for rule-in.

Of those subjects placed in the “observation” group in our analysis, 29/347 (8.4%) went on to experience one
of the defined adverse events. This was low relative to the “rule-in” group, in which 174/258 (67.4%)
experienced one of the defined adverse events, and high relative to the “rule-out” group, in which 15/2551
(0.6%) experienced one of the defined adverse events. Gimenez et al. recommends that treatment of patients
in the “observation” group of early rule-out protocols varies significantly and must be tailored to individuals
rather than standardized". Some studies of early rule-out protocols have found significantly higher
incidence of NSTEMI in the “observation” group, supporting the need for careful, individualized
assessment in this group. Further studies are warranted to better understand and evaluate this group.

There are several limitations of this analysis which should be considered when interpreting its findings.
First, our analysis examined patients seen only at a single academic health center, limiting generalizability of
the results. Second, the study was a retrospective analysis, which are susceptible to selection and
information biases and can be affected by missing data. Examination of the question with other study
designs, such as prospective analysis, is warranted. Third, ICD-10 diagnosis codes were used to determine
outcomes, and any missing or incorrectly entered ICD-10 codes would have affected the results. Fourth,
there was no known follow-up outside the single health system, so there is the possibility of unaccounted
events occurring at other facilities. Of note, due to the nature of medical record systems, we believe it would
be more likely for an event such as an NSTEMI to occur and not make it into our records relative to a death,
which would likely be reported to our health system. In conclusion, the 0/1-h ¢TnI protocol is a safe and
effective option for early AMI rule-out that can facilitate quicker discharge of ACS patients in the ED.

In conclusion, in this single-center analysis where the Beckman hs-cTnl assay was implemented first in the
United States, a 0/1h protocol with this assay was identified as safe and efficacious to exclude acute
myocardial injury. Utilization of similar protocols for patients with symptoms concerning for ACS should
be considered for widespread use.
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