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The American College of Cardiology (ACC) has a long history of developing documents
(eg, decision pathways, health policy statements, appropriate use criteria) to provide
members with guidance on both clinical and nonclinical topics relevant to cardiovascular
care. In most circumstances, these documents have been created to complement clinical
practice guidelines and to inform clinicians about areas where evidence is new and evolving
or where sufficient data is more limited. Despite this, numerous gaps persist, highlighting
the need for more streamlined and efficient processes to implement best practices in patient
care.

Central to the ACC’s strategic plan is the generation of actionable knowledge—a concept
that places emphasis on making clinical information easier to consume, share, integrate, and
update. To this end, the ACC has shifted from developing isolated documents to creating
integrated “solution sets.” These are groups of closely related activities, policy, mobile
applications, decision-support tools, and other resources necessary to transform care and/or
improve heart health. Solution sets address key questions facing care teams and attempt to
provide practical guidance to be applied at the point of care. They use both established and
emerging methods to disseminate information for cardiovascular conditions and their related
management. The success of solution sets rests firmly on their ability to have a measurable
impact on the delivery of care. Because solution sets reflect current evidence and ongoing
gaps in care, the associated tools will be refined over time to match changing evidence and
member needs.

Expert Consensus Decision Pathways represent a key component of solution sets. Standard
methodology for developing an Expert Consensus Decision Pathway is as follows: for

a high-value topic that has been selected by the Science and Quality Committee and
prioritized by the Solution Set Oversight Committee, a group of clinical experts is assembled
to develop content that addresses key questions facing our members.! This content is used
to inform the development of various tools that accelerate real-time use of clinical policy at
the point of care. Expert Consensus Decision Pathways are not intended to provide single
correct answers to clinical questions; rather, they encourage clinicians to consider a range

of important factors as they define treatment plans for their patients. Whenever appropriate,
Expert Consensus Decision Pathways seek to provide unified articulation of clinical practice
guidelines, appropriate use criteria, and other related ACC clinical policy. In some cases,
covered topics will be addressed in subsequent clinical practice guidelines as the evidence
base evolves. In other cases, these will serve as stand-alone policy.

Nicole M. Bhave, MD, FACC

Chair, ACC Solution Set Oversight Committee

1. INTRODUCTION

Chest pain is one of the most common reasons for emergency department (ED) visits,
accounting for over 7 million ED visits annually.? It is one of the most challenging
conditions to evaluate, which contributes to ED overcrowding, inefficient use of resources,
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and delays to diagnosis. A major challenge is to rapidly identify the small number of
patients who have acute coronary syndrome (ACS) or other life-threatening conditions
among the large number who have more benign conditions, many of which are
noncardiac.34

Over the last 40 years, considerable efforts have been made to streamline and improve
the chest pain evaluation process. Successive iterations of evaluation and management
strategies have reduced both the number of patients who require admission as well as ED
length of stay. The objectives of this Expert Consensus Decision Pathway are to provide
structure around the evaluation of chest pain in the ED and to facilitate rapid disposition
and limit unnecessary testing among patients with chest pain who are at low risk and who
do not have ACS. The document also aims to provide critical appraisal of the options for
clinical decision pathways (CDPs) that hospitals may choose from to achieve these aims.
Implementation of accelerated CDPs has the potential to further reduce ED length of stay
and increase the proportion of patients who are eligible for rapid ED discharge and do not
routinely require additional diagnostic testing, without compromising patient safety.

2. METHODS

2.1. Background

On February 26, 2020, the ACC Heart House Roundtable “Emergency Department
Evaluation of Patients with Possible Acute Coronary Syndrome” was convened to bring
together multidisciplinary stakeholders in an effort to include the multiple perspectives
involved in the care of patients with acute chest pain. Participants included representatives
from medical specialties, including emergency medicine, cardiology, nursing, laboratory
medicine, hospital medicine, internal medicine, family medicine, radiology, health systems
administrators, insurance company representatives, industry representatives, and government
regulators. Clinicians included physicians, nurses, and advanced practice providers (APPS).
The purpose of the meeting was to discuss optimal approaches to the evaluation and
management of acute chest pain in the ED, with a specific focus on the implementation

of protocols using high-sensitivity cardiac troponin (hs-cTn). Participants in this ACC
Heart House Roundtable agreed that practical guidance was needed for practitioners,
administrators, and health systems as they seek to apply the 2021 AHA/ACC/ASE/CHEST/
SAEM/SCCT/SCMR Guideline for the Evaluation and Diagnosis of Chest Pain (denoted as
the 2021 American Heart Association [AHA]/ACC/multisociety chest pain guideline in this
document) into practice for patients with acute chest pain in the ED.

2.2. Process

The guidance that follows in this Expert Consensus Decision Pathway was informed

by the scientific evidence presented and expert opinions considered during the Heart

House Roundtable, by subsequent review and deliberation on available evidence by this
Expert Consensus Decision Pathway writing committee, and review of the 2021 AHA/ACC/
multisociety chest pain guideline® and other relevant international guidelines.6 Although

the Heart House Roundtable provided valuable insight into the practical issues and gaps in
care, this document is a separate and independent endeavor aimed specifically at addressing
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the questions raised during the meeting, as well as other practical questions related to the
clinical application of the 2021 AHA/ACC/multisociety chest pain guideline.

The writing committee included representatives from emergency medicine, hospital
medicine, cardiology, and nursing. The work of the writing committee was supported
exclusively by the ACC without commercial support, as committee members volunteered
their time to this effort. Video conference calls of the writing committee were confidential
and attended only by committee members and ACC staff. A formal peer review process

was completed, consistent with ACC policy, by expert reviewers nominated by the ACC. A
public comment period was also held to obtain additional feedback. Following reconciliation
of all comments, this document was approved for publication by the ACC Clinical Policy
Approval Committee.

The ACC and the Solution Set Oversight Committee recognize the importance of avoiding
real or perceived relationships with industry (RWI) or other entities that may affect
clinical policy. The ACC maintains a database that tracks all relevant relationships for
ACC members and persons who participate in ACC activities, including those involved

in the development of Expert Consensus Decision Pathways. Expert Consensus Decision
Pathways follow ACC RWI Policy in determining what constitutes a relevant relationship,
with additional vetting by the Solution Set Oversight Committee.

Expert Consensus Decision Pathway writing groups must be chaired or co-chaired by an
individual with no relevant RWI. Although vice chairs and writing group members may
have relevant RWI, they must constitute less than 50% of the writing group. Relevant
disclosures for the writing group and comprehensive disclosures for external peer reviewers
can be found in Appendixes 1 and 2. To ensure complete transparency, a comprehensive
list of disclosure information for the writing group, including relationships not pertinent to
this document, is available in a Supplemental Appendix. Writing committee members are
discouraged from acquiring relevant RWI throughout the writing process and required to
disclose any new relationships.

3. DEFINITIONS AND ASSUMPTIONS

3.1

To limit inconsistencies in interpretation and to develop guidance that is complementary
to current evidence-based guidelines for the management of chest pain in the ED, specific
definitions and assumptions were considered by the writing committee in the development
of the consensus recommendations.

Definitions

1. hs-cTn assays: Assays for cardiac troponin (cTn) T or | that meet the
following criteria: assay imprecision (ie, coefficient of variation [CV]) at the
99th percentile value <10%; and at least 50% of apparently healthy men and
women have cTn concentrations above the assay’s limit of detection (LoD).”
However, not all assays designated as hs-cTn by the United States Food and
Drug Administration (FDA) meet these measurement criteria, particularly in
women.8
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CDPs. These are structured protocols for evaluation of patients with suspected
ACS using hs-cTn assays. They include serial measurements of hs-cTn at
specific timepoints and are designed to allow safe disposition of low-risk patients
with chest pain in an expedited and efficient manner.

Efficacy: In studies evaluating performance of CDPs, efficacy is defined as
the proportion of individuals meeting “rule-out” criteria based on the CDP
algorithm.

Limit of blank (LoB): This is the highest apparent cTn concentration found with
a given assay when testing replicates of a sample known to contain no cTn (ie,
blank sample).

LoD: This is the lowest cTn concentration that can be reliably distinguished from
the LoB when testing replicates of samples known to contain cTn.

Limit of quantification (LoQ): This is the lowest cTn concentration that can be
reported reliably as a number, based on a CV <20%, as per FDA regulations.

Minimally elevated hs-cTn or minor elevations in hs-cTn. hs-cTn values above
the LoQ but below the 99th percentile upper reference limit (URL).

Elevated hs-cTn: hs-cTn values above the 99th percentile.

Relative change (A) in hs-cTn: the percentage change in hs-cTn across serial
measurements. Relative changes =20% are considered significant and indicative
of acute myocardial injury. However, at low troponin concentrations near the
99th percentile URL, absolute (rather than relative) change values provide
greater specificity for acute myocardial injury.

Absolute change (4) in hs-cTn. The change in hs-cTn across serial
measurements, reported as an absolute value in ng/L. At low hs-cTn
concentrations near the 99th percentile URL, absolute rather than relative A
should be used. Values are assay dependent. Recommended CDPs use absolute
rather than relative A values.

Nonischemic electrocardiogram (ECG): ECGs that are normal, have
nonspecific findings, left ventricular hypertrophy with or without repolarization
abnormalities, left or right bundle branch block, or paced rhythm (not meeting
Sgarbossa® or Modified Sgarbossal®1! criteria for myocardial infarction [MI]).

3.2. General Clinical Assumptions

1.

The content of this Expert Consensus Decision Pathway applies only to
patients presenting to the ED with chest pain or other symptoms suggestive

of myocardial ischemia undergoing evaluation for possible ACS. The Expert
Consensus Decision Pathway does not apply to patients with stable angina or
those evaluated in settings other than the ED. For these other patient groups,
the 2021 AHA/ACC/multisociety chest pain guideline provides comprehensive
recommendations on chest pain evaluation and management not limited to

the ED setting.® This Expert Consensus Decision Pathway is not applicable
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to patients with hemodynamic instability, significant heart failure, or other
conditions that would mandate hospital admission.

2. The document is focused on the rapid evaluation and disposition of patients with
possible ACS in the ED. It does not address the evaluation and management
of patients with definite ACS or to serve as a guide for the diagnosis or
management of MI. Readers are referred to the 2013 ACCF/AHA Guideline
for the Management of ST-Elevation Myocardial Infarction (STEMI),12 2014
AHA/ACC Guideline for the Management of Patients with Non-ST-Elevation
Acute Coronary Syndromes (NSTE-ACS),13 and the Fourth Universal Definition
of M114 for comprehensive recommendations on these topics.

3. This Expert Consensus Decision Pathway is focused on CDPs using high-
sensitivity cardiac troponin I (hs-cTnl) assays. The pathways are not appropriate
for use with older-generation, less-sensitive assays. An important secondary
objective of this document is to support the transition to hs-cTn assays, which
offer important advantages for the rapid evaluation and disposition of chest pain
in the ED and are recommended by the 2021 AHA/ACC/multisociety chest pain
guideline.® It is recommended that U.S. centers transition to hs-cTn assays for
optimal patient care.

4, Recommendations regarding noninvasive testing should be considered in the
context of availability of institutional testing and local expertise. However,
coronary computed tomography angiography (CTA) is an important tool for
evaluation of intermediate-risk patients in the ED, and thus, broader application
across centers and greater availability within centers is recommended.

5. CDPs for rapid evaluation of chest pain should be interpreted within the context
of all available clinical information. The provider’s clinical judgment at the
bedside remains an indispensable tool that may lead to different triage decisions
than those suggested by the CDP.

6. The rule-out cutpoints for high-sensitivity cardiac troponin T (hs-cTnT) and
hs-cTnl assays recommended in this document may differ slightly from those
reported in studies evaluating accelerated CDPs, because we have synthesized
data across multiple studies and used concentration cutoffs permitted for
reporting in the United States by the FDA. The CDPs included in this document
use the LoQ (see definition in the previous text) permitted by the FDA for the
0-hour rule-out criterion.

7. The recommendations in this document are based on available data, much of
which is observational rather than from randomized controlled trials. As new,
relevant, and sound data become available, modifications to CDPs may be
necessary.

8. Successful implementation of the CDPs outlined in this document requires
engagement of a multidisciplinary team with collaboration among emergency
medicine, laboratory medicine, cardiology, and hospital medicine specialties.
Clinicians caring for patients in whom hs-cTn assays are used need to be aware
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of the clinical decision thresholds as well as the strengths and limitations of the
CDP. Specific recommendations for transitioning to hs-cTn assays have been
outlined previously.1®

4. SUMMARY GRAPHIC

This Expert Consensus Decision Pathway is designed to parallel the usual course of
evaluation of patients in the ED with symptoms requiring evaluation for possible ACS

(see Figure 1). The first step is careful evaluation of the ECG (see Section 5.2). Patients
with a nonischemic ECG can enter an accelerated CDP designed to provide rapid risk
assessment and exclusion of ACS (see Section 5.4). Patients classified as low risk (rule out)
using hs-cTn-based CDPs supported by this document can generally be discharged directly
from the ED without additional testing, although outpatient testing may be considered

in selected cases. In contrast, patients with substantially elevated initial hs-cTn values or
those who have significant dynamic changes over 1 to 3 hours are assigned to the abnormal/
high-risk category and should be further classified according to the Universal Definition of
Ml into type 1 or 2 MI or acute or chronic nonischemic cardiac injury (see Section 5.7).
High-risk patients should usually be admitted to an inpatient setting for further evaluation
and treatment. Patients determined to be intermediate risk with the CDP should undergo
additional observation with repeat hs-cTn measurements at 3 to 6 hours and risk assessment
using either the modified History, ECG, Age, Risk Factors, and Troponin (HEART) score
or the ED Assessment of Chest Pain Score (EDACS) (see Section 5.5). Noninvasive testing
should be considered for the intermediate-risk group unless low-risk features are identified
using risk scores or noninvasive testing has been performed recently with normal or low-risk
findings. Details of the assessment steps are provided in Section 5.

5. DESCRIPTION AND RATIONALE

5.1.

Initial Evaluation

The initial clinical evaluation of a patient with acute chest pain should focus on rapid
identification and treatment of patients with life-threatening conditions such as ACS, aortic
dissection, and pulmonary embolism. Patients who are hemodynamically unstable, have
significant arrhythmias, or have evidence of significant heart failure should be evaluated and
treated appropriately and are not candidates for an accelerated CDP.

Although the term chest discomfortis more accurate, the term chest pain is embedded

in clinical use and will be used throughout this document to describe potential ischemic
chest symptoms. Symptoms described as a pressure, tightness, squeezing, heaviness, or
burning should be considered consistent with ACS. Pain locations other than the chest

can also occur and include the shoulder, arm, neck, back, upper abdomen, or jaw. Other
associated symptoms include shortness of breath, nausea, vomiting, diaphoresis, fatigue,
and mental status changes, which, in some cases, may be the predominant symptom. In
contrast, symptoms described as sharp, fleeting, related to inspiration (pleuritic) or position,
or localized to a single point are unlikely to represent myocardial ischemia.
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Chest pain has been traditionally classified as “typical” or “atypical.” The 2021 AHA/ACC/
multisociety chest pain guideline discourages the use of the term atypical chest painand
instead emphasizes focusing on specific aspects that suggest whether the pain is likely
related to ischemia. The guideline also recommends using cardiac, possible cardiac, and
noncardiac to describe the suspected cause of chest pain.®> Chest pain should be considered
stable when symptoms are chronic and associated with precipitants such as exertion or
emotional stress.

Clinical assessment should include the chest pain description and associated symptoms,
onset, duration, location, radiation, and precipitating and relieving factors. In addition, a
detailed assessment of cardiovascular risk factors and medical, family, and social history
should complement the assessment of presenting symptoms. The results of prior testing for
coronary artery disease (CAD) as well as prior computed tomography (CT) imaging of the
chest that delineates the presence and severity of coronary calcification should be reviewed,
as it may inform subsequent diagnostic testing strategies.

There are no physical examination findings specific for coronary ischemia; thus, the
examination should be targeted to identify findings associated with high risk for morbidity
and mortality in ACS, or to the presence of potential alternative diagnoses. High-risk
examination findings include signs of low cardiac output (tachycardia, hypotension, cool
extremities, low urine output, and altered mental status), heart failure (pulmonary edema,
elevated jugular venous pressure, and peripheral edema), and a new systolic murmur
concerning for acute mitral regurgitation or a ventricular septal defect. Clues to non-ACS
causes for the patient’s symptoms include fever (endocarditis, pneumonia), pulse differential
(aortic dissection), abnormal lung findings (pneumonia, pneumothorax), and abnormal
cardiac findings such as a pericardial friction rub (pericarditis) or other murmurs (aortic
stenosis, outflow tract obstruction, endocarditis).

As part of the initial assessment, a chest X-ray should be performed in almost all patients
with possible ACS, given the potential to identify high-risk findings such as pulmonary
edema, as well as to identify potential noncardiac causes for the patient’s symptoms.
Performance of a chest X-ray should not delay emergent interventions such as primary
percutaneous coronary intervention for those with a definitive STEMI.

Initial Evaluation: Focus on ECG

5.2.1. Initial ECG Interpretation—The ECG is critical for the initial assessment
and management of patients with potential ACS and therefore should be performed and
interpreted within 10 minutes of arrival at the ED.>1213 |n patients who arrive via
emergency medical service transport, the pre-hospital ECG should be reviewed, because
ischemic changes may have resolved before ED arrival. In the ED, the initial ECG

should be examined for signs of ischemia (see Figure 2), particularly for STEMI or a
STEMI equivalent (see Table 1), as this identifies patients who should undergo immediate
reperfusion therapy and be managed in accordance with the 2013 STEMI guideline.12
Automated ECG algorithms provide an immediate interpretation and diagnostic assistance,
particularly for the inexperienced ECG reader, and may identify subtle ECG changes

that just meet STEMI criteria, particularly with inferior ST-segment elevation. However,
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interpretation accuracy varies among different algorithms, with up to a 2-fold variation
in identification of ECGs concerning for ACS.16 Unfortunately, physician accuracy for
determining ischemic ECG changes is also variable, with lower sensitivity for smaller

degrees of ST-segment elevation.1’

In the absence of ischemic ST-segment elevation, the ECG should be examined for other
changes that have been associated with coronary artery occlusion (see Table 1)18-21: when
present, these should prompt evaluation for emergent coronary angiography.

For patients suspected of ACS who have ST-segment or T-wave changes suggestive of
ischemia, comparison with previous ECGs can be helpful.22 Emergent consultation for
expert over-read should be obtained for ECGs concerning for ACS that lack clear diagnostic
criteria. Serial ECGs performed over short time intervals in those with a high suspicion for
ACS may detect dynamic ischemic changes.23:24 ECGs performed later, even the next day,
may show evolution of findings that confirm the diagnosis, such as Q waves or new T-wave
inversions. A posterior ECG should be performed if the initial ECG is nondiagnostic but
suspicion for a posterior Ml is high (see Section 5.2.2 and Table 1). Emergent transthoracic
echocardiography (TTE) for assessment of wall motion should be considered in patients
with ECGs concerning for but not diagnostic of ischemia and infarction, particularly when
borderline ST-segment elevation or left bundle branch block (LBBB) or equivocal signs of
posterior Ml are present. Because accurate assessment of wall motion is difficult, the TTE
should be performed and reviewed by a clinician qualified in echocardiography (see Section
5.6).

Finally, the ECG should be reviewed for other findings suggesting alternative causes for the
patient’s symptoms, such as pericarditis or pulmonary embolism. The absence of ischemic
ECG changes identifies patients at relatively lower (although not necessarily low) risk for
MI and ischemic complications but is not sufficient for excluding ACS2%:26; therefore, these
patients are appropriate for evaluating using a CDP.

All CDPs (see Section 5.4) exclude patients with ischemic ST-segment elevation; however,
many do not specifically exclude those with other ECG findings potentially associated

with ischemia.2” We recommend that patients with new ischemic ECG changes should be
considered high risk and undergo evaluation and treatment according to current NSTE-ACS
guidelines!® and not be entered into an accelerated CDP. For the purposes of this document,
ECGs are classified into 3 groups: 1) STEMI or equivalent; 2) ischemic ST-segment or
T-wave abnormalities; and 3) nonischemic, which includes ECGs interpreted as normal,
having nonspecific findings, left ventricular hypertrophy with or without repolarization
ST-T wave changes, and left or right bundle branch block or paced rhythm (not meeting
Sgarbossa® or modified Sgarbossal®1 criteria for Ml).

5.2.2. Additional ECG Findings Consistent With Acute Coronary Artery
Occlusion—The application of STEMI ECG criteria on a standard 12-lead ECG alone

will miss a significant minority of patients who have acute coronary occlusion.?! Therefore,
the ECG should be closely examined for subtle changes that may represent initial ECG signs
of vessel occlusion, such as hyperacute T waves (in the absence of electrolyte imbalances or
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significant left ventricular hypertrophy) or ST-segment elevation <1 mm, particularly when
combined with reciprocal ST-segment depression, as this may represent abnormal coronary
blood flow and/or vessel occlusion.?! Concomitant reciprocal ST-segment depression may
be visually more evident than the minor ST-segment elevation in such patients.2® If present,
these patients should be evaluated for emergent coronary angiography as their outcomes are
similar to those with more extensive ST-segment elevation.29

Other ECG findings may also indicate acute coronary artery occlusion. Anterior ST-segment
depression (eg, leads V1-V3) may represent acute posterior transmural MI.1° Acute posterior
MI can be confirmed by evaluating for the presence of ST-segment elevation on posterior
leads® or emergent echocardiography demonstrating wall motion abnormalities in the
posterior and/or inferior territories. Emergent coronary angiography should be performed
when there is a high suspicion for acute posterior Ml, because delay in reperfusion has

been associated with worse outcomes.30 Similarly, de Winter’s sign, suggested by tall,
prominent, symmetrical T waves arising from upsloping ST-segment depressions >1 mm in
the precordial leads, can be seen in proximal left anterior descending artery occlusion and
therefore warrants immediate angiography.18

The identification of acute coronary occlusion among patients with LBBB or ventricular
pacing poses particular challenges. The presence of a new LBBB is no longer considered

a STEMI equivalent,12 although it is associated with higher risk because most patients

with LBBB have underlying cardiac disease, typically CAD or a cardiomyopathy.31 The
Sgarbossa criteria (see Table 1) are specific, although not sensitive for acute coronary
artery occlusion.? In a study that included patients with acute left anterior descending artery
occlusion, a modification that used an ST/T-wave ratio improved sensitivity from 52% to
91% with similar specificity to the original criteria.1%11 For those meeting the Sgarbossa

or modified Sgarbossa criteria, treatment should be similar to those with STEMI. Emergent
echocardiography can be performed in cases in which there is an LBBB and suspicion for
ischemia/infarction with the caveat that the frequent coexistent cardiomyopathy may make
differentiation difficult. Although less well studied, patients with ventricular paced rhythms
who have ECG findings that meet Sgarbossa criteria should also be considered high risk and
undergo emergent coronary angiography.?:32

5.2.3. ECG Findings Consistent With Ischemia—Wellen’s syndrome is
characterized by biphasic or inverted T-wave inversions in the anterior precordial leads in
patients whose ischemia has resolved.33 Its presence is associated with proximal left anterior
descending artery stenosis and is associated with high rate of subsequent transmural MI.

In patients with ischemic symptoms, ST-segment elevation in lead augmented vector right
(with or without elevation in V1) combined with multilead ST-segment depression represents
a high-risk ECG finding that is associated with high morbidity and mortality.34 In patients
with ischemic symptoms, this often represents diffuse ischemia due to significant stenosis
involving the left main and/or 3-vessel disease,3°36 although it can be seen in other non-
ACS conditions causing a demand/supply mismatch.3” In approximately 10% of cases, acute
coronary occlusion is present.3> Accordingly, management of patients with this ECG pattern
must be nuanced. Precipitants of supply/demand mismatch (if present) should be treated.
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Emergent coronary angiography should be considered in patients with persistent ischemic
symptoms or ECG changes after treatment or if there is hemodynamic instability.3®

Ischemic ST-segment depression is present in a minority of ACS patients, representing

a specific, but not sensitive finding for ACS. In the setting of ischemic symptoms, it
should prompt treatment consistent with the 2014 NSTE-ACS guidelines,13 as the majority
of patients with ischemic ST-segment depression will be diagnosed with M1.38 T-wave
inversion is a less-specific marker of subendocardial ischemia because it can be present

in non-ACS conditions. Rather than being indicative of acute ischemia, T-wave inversion
can become evident after clinical ischemia resolves. Ischemic T-wave inversion tends to be
deeper and new when compared with prior ECGs.

5.2.4. Summary—The ECG is a critical component of the initial assessment and
management of ED patients with possible ACS. The ECG should be rapidly assessed for
evidence of acute infarction or ischemia, and if present, subsequent care should follow
current guidelines for management of acute STEMIZ and NSTE-ACS.13 The ECG should
also be examined for subtle changes that are also consistent with ACS as well as for

other findings that could suggest a non-ACS cause for their symptoms. Patients who have
a nonischemic ECG (as defined previously) are eligible for entering a CDP, and further
clinical evaluation should take place as outlined later.

5.3. Hs-cTn Assays

Measurement of cardiac troponin T (cTnT) or cardiac troponin I (cTnl), the gold-standard
biomarkers of myocardial injury, is critical for the evaluation of possible ACS in the

ED. In the United States, hs-cTn assays are being increasingly adopted because of their
ability to detect lower cTn concentrations with improved analytical performance (ie, greater
sensitivity and precision) compared with older-generation assays.1® “High sensitivity” in
this context refers to assay characteristics; the analytes being measured (¢cTnT and cTnl)
are the same as for older-generation, conventional assays. Accordingly, hs-cTn assays

are preferred to conventional assays for the evaluation of acute chest pain.>8 The “high-
sensitivity” designation was initially adopted by cTn assay manufacturers in the absence of
clear analytical criteria defining high sensitivity. The International Federation of Clinical
Chemistry and Laboratory Medicine Task Force on Clinical Applications of Cardiac
Biomarkers lists 2 criteria to define “true” hs-cTn assays: first, the assay imprecision (ie,
CV) at the 99th percentile value for that assay should be <10%; and second, at least 50%

of apparently healthy men and women’ should have cTn concentrations above the assay’s
LoD.32 Most manufacturers now voluntarily report assay characteristics according to these
criteria (see Table A in the Supplemental Appendix). Of note, point-of-care cTn assays must
also meet these criteria to be considered high-sensitivity assays.

When considering assay characteristics, it is important to understand the terminology
commonly used both in product inserts and in the literature. The LoB is the highest
apparent cTn concentration found with a given assay when testing replicates of a sample
known to contain no c¢Tn (ie, blank sample). The LoD is the lowest cTn concentration that
can be reliably distinguished from the LoB when testing replicates of samples known to
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contain cTn. In research settings, the term undetectable troponin is typically used for cTn
concentrations that are below the LoD of the assay. The LoQ is the lowest cTn concentration
that can be reported reliably as a number, either with a CV <20% (as per FDA regulations),
or with a more stringent CV <10%. Analytical definitions are summarized in Figure A of the
Supplemental Appendix.1® In clinical settings, the FDA only allows cTn concentrations to
be reported numerically if they are equal to or above the LoQ; therefore, cTn concentrations
above the LoD but below the LoQ are not reported in U.S. clinical settings. This has
implications for algorithms that use a single hs-cTn measurement at ED arrival to exclude
MI. For example, for hs-cTnT, the lowest value that the FDA allows to be reported is 6 ng/L,
although the LoD is 3 to 5 ng/L depending on the specific analyzer used. It is therefore
important to interpret the term wundetectable troponin in context for each hs-cTn assay and
for each usage scenario.

Concentrations of hs-cTn should be reported in whole numbers without decimal places as
nanograms per liter (ng/L), as recommended by the International Federation of Clinical
Chemistry and Laboratory Medicine, endorsed in the Fourth Universal Definition of M1,14.39
and adhered to by assay manufacturers. Reporting in ng/L avoids potential confusion related
to the use of 3 decimal places and multiple zeroes (for instance, 14 ng/L is preferred over
0.014 ng/mL).

5.3.1. Defining Abnormal Hs-cTn Values—Key questions for the management of
patients with possible ACS in the ED are what constitutes an “abnormal” or an “elevated”
hs-cTn value and how to rapidly and reliably differentiate between ACS and the multitude
of other potential causes for cTn elevation (see Section 5.7).40 In the absence of an objective
cTn threshold, the 99th percentile URL cTn value derived from a “normal reference
population” has been endorsed by expert consensus as a cutpoint for the diagnosis of Ml for
more than 20 years.#1 However, studies in large population-based cohorts have shown that
hs-cTn represents a continuum of risk, such that minor cTn elevations (detectable but below
the 99th percentile URL) are associated with structural heart disease, worse cardiovascular
outcomes, and increased mortality.#2-44 Similar to population-based studies, minor hs-cTn
elevations are also associated with worse outcomes in ED patients who are ruled out

for M1.2745 Based on these findings, no detectable cTn level can be considered entirely
“normal.” The higher the cTn value, the more likely it is related to ACS,*6-48 although there
is significant overlap among cTn values for type 1 and 2 MI and acute myocardial injury. As
a result, hs-cTn values still require interpretation based on the appropriate clinical context.
Serial hs-cTn measurements should be performed to confirm the MI diagnosis, and peak
values can be used to estimate Ml size.4?

False-positive and -negative hs-cTn assay results are rare but can occur. False-positive
values may be secondary to sample preparation and handling, instrument malfunction,
assay interference, and macro troponin complexes.?0-51 Although rare, clinicians should be
aware that false-negative values can occur as a result of assay interference from ingested
substances such as biotin.>9 Close collaboration between laboratory medicine professionals
and clinicians is necessary to troubleshoot suspected false-positive or -negative values.
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5.3.2. 99th Percentile Thresholds—The 2018 Fourth Universal Definition of Ml
defined biomarker evidence of acute myocardial injury as an acute rise and/or fall in cTn
values (=20% change between serial measurements), with at least 1 cTn value above the
assay’s 99th percentile URL.14 Although this definition has undeniable merits, it also has
important limitations when applied to the acute evaluation of ED patients with possible M.
First, the 220% change criterion is based on expert consensus. Using absolute rather than
relative changes in cTn results in better diagnostic performance among patients with smaller
cTn elevations near the 99th percentile value (in whom the diagnosis of Ml is often most
difficult). In contrast, relative cTn changes may be more useful for patients with higher cTn
levels.14:52 Second, 99th percentile URLSs for hs-cTn assays are derived by manufacturers
from “normal reference populations.” However, the methodology used to select reference
populations varies across studies, and the 99th percentile URLSs for some hs-cTn assays
may change significantly with only slight modifications in the reference population (such as
removal of 1 or 2 subjects with high cTn levels).53 Third, hs-cTn levels vary significantly
with sex and age, even among healthy individuals, in addition to increasing with the
presence of comorbidities.8:5435 Troponin levels are higher in men than in women and
increase with age in both sexes, even after excluding individuals with subclinical structural
heart disease using a combination of ECGs, imaging tests, and established biomarkers.>*

This latter limitation has spurred active debate about the appropriateness of uniform 99th
percentile URLSs for hs-cTn assays, with endorsement of sex-specific 99th percentile cutoffs
in the 2018 Fourth Universal Definition of MI14 and the 2021 AHA/ACC/multisociety
chest pain guideline,® but notably absent from the 2020 European Society of Cardiology
(ESC) guidelines.® Use of uniform 99th percentile URLS results in decreased sensitivity
and negative predictive value (NPV) in women, contributing to the existing sex bias in the
diagnosis and treatment of women with possible ACS.56:57 Use of sex-specific cutoffs can
decrease the problem of MI underdiagnosis in women.58:59

Using sex-specific 99th percentile thresholds only addresses a single determinant of cTn
variation in the population and does not account for other important factors that influence
the 99th percentile threshold, such as age and renal function.%9 Moreover, a focus on the
99th percentile threshold does not capitalize on analytical advances with hs-cTn assays that
allow the use of very low values for risk stratification. Newer MI rule-out algorithms have
been developed that either de-emphasize or avoid altogether the use of 99th percentile URLS
(see Section 5.4).

5.3.3.  Summary—Hs-cTnT and hs-cTnl are the preferred biomarkers for the evaluation
of patients with possible ACS. In U.S. clinical settings, concentrations are reported when

at or above the LoQ; concentrations should be reported as whole numbers in nanograms
per liter (ng/L). Detectable values represent a continuum of risk for adverse events; thus,

no detectable cTn level can be considered “normal.” Sex-specific 99th percentile cutoffs are
endorsed to increase sensitivity for diagnosis of Ml among women and specificity among
men.
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5.4. CDPs Using Hs-cTn Assays

Hs-cTn assays have several intrinsic advantages that have facilitated the development of
novel accelerated CDPs designed to shorten the time to exclude (“rule out”) MI. Compared
with older-generation assays, hs-cTn assays are both more sensitive and more precise.
Increased sensitivity allows exclusion of even minor c¢Tn elevations, permitting rule out of
MI with a single blood draw when the hs-cTn value is very low and symptoms have been
present for 3 hours or more. Assay precision is particularly important when assessing change
over serial measurements at low values. Augmented precision of the hs-cTn assays allows
biological changes to be distinguished from assay imprecision (ie, noise). This feature has
been capitalized on by algorithms that use the absence of small changes in hs-cTn over 1 to
2 hours to exclude (“rule out™) MI.

Multiple diagnostic algorithms incorporating hs-cTn have been investigated and
implemented. Strengths and weaknesses of several of these approaches are shown in

Table 2. The simplest algorithm is conceptually very similar to approaches used in many
hospitals with older-generation assays, ruling out patients with an hs-cTn level below the
99th percentile value at 0 and 3 hours, with or without sex-specific 99th percentile URL
cutpoints.52 Although this 0/3-hour approach has the advantage of ease of implementation,
it fails to capitalize on the advantages of the hs-cTn assays and suffers from all of the
limitations of emphasizing the 99th percentile URL value discussed in Section 5.3. More
importantly, comparison studies and a recent meta-analysis®3 (discussed later) demonstrate
that the 0/3-hour approach is inferior to the more innovative 0/1, 0/2, and High-Sensitivity
Troponin in the Evaluation of Patients with Acute Coronary Syndrome (High-STEACS)
approaches, ruling out a smaller proportion of patients and suffering from higher false-
positive diagnosis rates. For this reason, the 0/3-hour approach is not recommended.

5.4.1. Ruling Out MI With a Single Blood Draw at the Time of Presentation
(0-Hour Rule Out)—Immediate disposition of approximately 25% to 50% of chest pain
patients is possible in those who have a single undetectable or very low hs-cTn value,
provided symptoms started >3 hours before the hs-cTn measurement (“0-hour rule out”).
This approach is not suitable for early presenters who have symptom onset <3 hours before
presentation. Extensive observational data support the safety of this approach, with a high
NPV and sensitivity for excluding index MI, and a <1% risk for death or Ml through 30
days observed with both hs-cTnT and hs-cTnl.27:64-67 |n addition, randomized clinical trials
in which this strategy has been used to guide actual patient care support the safety of this
approach.61.68

The threshold value used to define the very low hs-cTn cutpoint has varied. Initial studies
examined the use of the LoD as a cutoff for single hs-cTn rule out. However, because the
FDA does not allow reporting to the LoD unless it is the same as the LoQ (which is not the
case for most FDA-approved hs-cTn assays), alternative cutoffs for single hs-cTn rule-out
strategies have been investigated.5” These include using the LoQ or an optimized cutoff
above the LoQ. For hs-cTnl, a threshold of <5 ng/L has been validated in a randomized
controlled trial and performed well across multiple different hs-cTnl assays in observational
studies.51:69-71 |n a meta-analysis of 22,457 patients from 19 studies, hs-cTnl <5 ng/L at
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presentation (which was present in 49% of patients) had 99.5% (95% CI: 99.3%-99.6%)
NPV for 30-day death or MI.27 For hs-cTnT, several observational studies using the LoQ

(6 ng/L) have demonstrated excellent sensitivity and NPV, supporting use of the 6-ng/L
hs-cTnT threshold for U.S. centers.”273 Thus, a 0-hour rule-out threshold of <6 ng/L for hs-
cTnT and either <LoQ or <5 ng/L for hs-cTnl is reasonable in patients with a nonischemic
ECG and onset of symptoms >3 hours before cTn measurement.

5.4.1.1. Criterion for Duration of Chest Pain for 0-Hour Rule-Out: Although some
studies have used a 2-hour cutoff for chest pain onset before initial blood sampling for
asingle hs-cTn rule out,”*7® others have required a minimum of at least 3 hours.64.76-80

We recommend the more conservative 3-hour criterion. Determination of the exact time of
symptom onset is frequently difficult. In addition, studies performed to date have commonly
used time of chest pain onset to ED presentation, which is often shorter than the time from
chest pain onset to the initial cTn sample. Finally, the 3-hour timepoint is in alignment with
the 2021 AHA/ACC/multisociety chest pain guideline.®

5.4.1.2. Criterion for ECG Findings to Allow Entry Into CDP: For inclusion in a CDP,
we recommend that the patient have a nonischemic 12-lead ECG. Although not all studies
have explicitly required this, in a metanalysis of studies using a single hs-cTn at the time

of ED arrival to exclude MI, the NPV was lower at 98.2% in patients who had ischemic
findings on the initial ECG, compared with 99.7% in those without ECG abnormalities.2’

5.4.2. 0/1- and 0/2-Hour Algorithms—Reichlin et al’” developed an algorithm
incorporating both baseline hs-cTnT values and changes in hs-cTnT between 0 and 1

hour to assign patients to rule out, rule in, or observation zones. This approach has been
replicated with multiple hs-cTnl assays and externally validated.”®:78-80 This algorithm has
been combined with the 0-hour rule out described previously, such that patients may be
ruled out either by having a very low hs-cTn at baseline (if chest pain onset is >3 hours) or
by having values below a specified threshold and no more than a very small change (”delta™)
between the serial measurements (see Figure 3). This combined 0- and 0/1-hour pathway has
been labeled the “ESC 0/1 algorithm.” Options are also available for 0/2-hour algorithms
that are conceptually identical but may be logistically easier to implement in EDs that cannot
consistently capture a second hs-cTn value 60 minutes after the first measurement (see
Figure B in the Supplemental Appendix for 0/2-hour CDPs for ruling out MI). Because

the change thresholds for the 0/1 and 0/2 algorithms are time-dependent, it is critical that
the blood specimens are collected within the specified windows, and accurate timing of
specimen collection should be a performance metric that is tracked by health care systems
using CDPs. Specimens collected outside of the specific time window should be interpreted
with consideration of the actual time the specimen was collected. Importantly, thresholds
tested are assay-specific (see Figure 3 and Figure B in the Supplemental Appendix).
Although the vast majority of studies evaluating the 0/1- and 0/2-hour protocols have been
observational, several prospective studies and randomized trials where the 0/1-hour protocol
has been used for patient care have found a 30-day death/MI rate of <1%,68.86.87

Efficacy with these algorithms is typically defined as the proportion of patients ruled out for
M1, with safety defined by sensitivity and NPV for MI diagnosis at the index presentation
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and freedom from death/MI at 30 days. Efficacy with the 0/1- and 0/2-hour algorithms is
approximately 60%, with some variation due to different assay thresholds and populations
tested. Safety is high, with sensitivities of ~99% and NPVs >99.5% for M1 at the index
admission demonstrated in a meta-analysis.88 These protocols rule out approximately 60%
to 65% of individuals, “rule in” ~15% of individuals, and assign ~25% to 30% to an
intermediate-risk/observation zone (see Section 5.5). Direct comparisons with the 0/3-hour
hs-cTn protocol demonstrate that the 0/1-hour protocol rules out more patients (64% vs
49%; P < 0.001) with a similar safety profile.8 In a randomized controlled trial using
hs-cTnT, an ESC 0/1-hour algorithm resulted in more frequent discharge from the ED (45%
vs 32%; P< 0.001) and a 1-hour shorter ED length of stay (P < 0.001), with similar clinical
outcomes at 30 days (£ = 0.001 for noninferiority) compared with a modified usual care
approach using 0/3-hour cTn measurements with an hs-cTnT threshold of =30 ng/L.58

In initial studies, the positive predictive value (PPV) for those assigned to the rule-in

group was approximately 75%,” higher than the 50% PPV seen when the 99th percentile
threshold was used for rule-in.%% However, the rate of Ml in the European cohorts where the
algorithms were developed was high (>15%). When similar approaches have been applied to
U.S. populations where ¢Tn testing is used more liberally, the proportion with adjudicated
MI is much smaller (in some centers <5%), and thus the PPV of these algorithms has been
considerably lower, ranging from 20% to 50% in less-selected populations of ED patients.

In contrast, the PPV was approximately 70% in a U.S. study that enrolled patients more
carefully selected based on a higher probability of ACS, and also incorporated a higher
“rule-in” ¢Tn threshold of 120 ng/L.85

Given the low PPV for MI when these CDPs are used broadly (as is typical for U.S. EDs),
we recommend avoiding the term rule in for these algorithms and instead classifying this

group as “abnormal.” The term rule inshould be reserved for the subset of patients in the

abnormal group meeting Universal Definition of Ml criteria for MI (see Section 5.7).14

The ESC 0/1- or 0/2-hour algorithms take advantage of the better sensitivity and precision of
the assay to safely rule out a majority of patients presenting with possible ACS and avoid the
issues inherent with differing 99th percentile thresholds, including sex and age influences.
Although efficacy (the proportion of patients ruled out) differs across multiple subgroups,
with lower proportions of men, the elderly, and those with diabetes or chronic kidney disease
ruled out, safety remains high in all subgroups.91-93

Disadvantages of these protocols include algorithm complexity, sensitivity to timing of
blood draws, and the relegation of approximately one-quarter of patients to an observation
zone in which there is limited evidence available to guide subsequent evaluation and
treatment (see Section 5.5.3 and Table 3). A modification of the 0/1-hour protocol has been
proposed, adding a 3-hour measurement of hs-cTn for those in the observation zone and
classifying all patients at 3 hours into rule out or abnormal based on hs-cTn changes through
3 hours, 495 although a recent study has questioned whether this provides a sufficiently high
NPV.%6
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An additional limitation of these algorithms is that they may be susceptible to missing Ml
among late presenters who are on a flat portion of a descending cTn trend, where little

or no change may be evident over 1 to 2 hours.?” Identification of these patients requires
correlation of the clinical presentation with hs-cTn results and consideration for additional
serial hs-cTn measurements.

5.4.3. High-STEACS 0/3-Hour Algorithm—The High-STEACS algorithm (see Figure
4) is another validated implementation approach for hs-cTn. With this algorithm, Ml is

ruled out if the initial hs-cTnl is <5 ng/L; if hs-cTnl is =5 ng/L (or the patient is an early
presenter) but hs-cTnl is less than the sex-specific 99th percentile URL, a second hs-cTnl
measurement is performed 3 hours from the time of presentation. If the change from the
first measurement is <3 ng/L and the value remains below the sex-specific 99th percentile
URL, Ml is ruled out. Although early presenters may be defined as those presenting within
2 hours of chest pain onset, we recommend using the more conservative 3-hour criterion

for the time from chest pain onset, as described earlier. The High-STEACS algorithm was
studied in a stepped-wedge randomized implementation trial in the EDs of 7 hospitals in
Scotland (N = 31,492 individuals).81 Implementation of the pathway was associated with

a reduction in length of stay from 10.1 + 4.1 to 6.8 £ 3.9 hours (< 0.001) and an

increase in the proportion of patients discharged from the ED from 50% to 71%, with similar
30-day safety outcomes preimplementation and postimplementation. It is important to note
that in the preimplementation period, the usual care protocol performed measurements of
hs-cTnl at 0 and 6 to 12 hours, which is more conservative than *“usual care” in most U.S.
hospitals and may exaggerate benefits on length of stay vs what would be expected with
implementation in the United States. Nevertheless, the High-STEACS pathway represents a
validated approach for rule out that capitalizes on hs-cTn assay strengths. Observational data
from the United States have demonstrated a similar safety profile with 100% sensitivity and
100% NPV for 30-day death or MI when combined with a normal ECG.52 In a subsequent
analysis of the High-STEACS trial, the investigators demonstrated that the algorithm also
performed well with the Roche fifth-generation hs-cTnT assay using the LoQ cutoff of 6
ng/L.™

5.4.4. Patients With Chronic Kidney Disease—Evaluating patients with kidney
dysfunction who present with chest pain is a particular challenge because elevations in
hs-cTn above the 99th percentile URL are very common.%8 Data in this group are limited, as
most studies have specifically excluded patients with end-stage kidney disease. In the High-
STEACS ftrial, the proportion of patients with elevated hs-cTnl above the 99th percentile
URL increased from 10% for those with an estimated glomerular filtration rate (eGFR) =90
mL/min/1.73 m2) to 66% among those with an eGFR <30 mL/min/1.73 m2.9% Concomitant
with this, the proportion of patients diagnosed with acute myocardial injury and type 2 Ml
also increased.

Studies examining hs-cTn CDPs among this population have suggested similar safety
compared with those without kidney dysfunction; however, efficacy and PPV of the
pathways are reduced. Twerenbold et al® demonstrated that the ESC 0/1-hour algorithm
had a sensitivity of 100% and NPV of 100% for MI when applied to patients with renal
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dysfunction (eGFR <60 mL/min/1.73 m?) using hs-cTnT, and a sensitivity of 98.6% and
NPV of 97.4% when using an hs-cTnl assay. However, only approximately were 18% ruled
out with the pathway, and almost one-half of patients were triaged to the intermediate-risk/
observation group. Similarly, the High-STEACS investigators demonstrated that an hs-cTnl
of <5 ng/L at presentation had a sensitivity of 98.9% and NPV of 98.4% for 30-day death
and M1 in patients with chronic kidney disease; however, only 17% of patients were ruled
out with the baseline hs-cTnl measurement, a proportion that was further reduced in those
with an eGFR of <30-60 mL/min/1.73 m2. 100.101 One analysis proposed using an eGFR-
adjusted baseline rule-in threshold to improve specificity without affecting sensitivity192;
however, another study found that threshold adjustments improved efficacy, but at the cost of
reduced safety.93

It should be anticipated that a large proportion of patients with renal dysfunction will

fall into an intermediate-risk category and may require further diagnostic testing. The
noninvasive test of choice will depend on the degree of renal dysfunction and other clinical
factors, as outlined in Section 5.6. Further research is needed to develop more efficient
pathways for evaluating this challenging patient population.

5.4.5. Summary—In aggregate, studies performed to date (including real-world
implementation studies)?>:102.103 gemonstrate that the ESC 0/1-hour, 0/2-hour, and High-
STEACS CDPs reduce ED length of stay and increase the proportion ruled out and
dispositioned home compared with traditional approaches using less-sensitive cTn assays
and with the ESC 0/3-hour algorithm using hs-cTn. Implementation of these CDPs is
associated with similar clinical outcomes compared with the more traditional approaches
that require longer times to rule out MI. With the transition to hs-cTn from older-generation
assays, the rate of type 1 Ml diagnosis is slightly increased, with greater increases in type

2 M1 diagnosis and marked increases in the diagnosis of cardiac injury.68:104 The impact
on cardiac testing and coronary angiography has varied slightly between studies, but overall
rates do not appear increased102:105.106; however, most have been performed outside of the
United States where testing thresholds are different. Importantly, the available data from
U.S. studies also showed no significant increase in downstream resource use102:103,105,106
but further data is needed. The absence of improvement in clinical outcomes with
implementation of a CDP is expected given their low overall risk.

The ESC 0/1 (or 0/2) and High-STEACS approaches are recommended over simply using
the 99th percentile URL value at 0 and 3 hours to rule out MI because direct comparisons
demonstrate both greater efficacy (more patients ruled out) and greater safety (fewer missed
MIs). Thus, hs-cTn should be implemented in the context of a CDP to achieve maximal
performance. Setting objectives and expectations is crucial for successful implementation.
The hs-cTn assays diagnose a larger number of patients with type 2 MI and acute and
chronic cardiac injury than do approaches using standard assays. Successful implementation
of hs-cTn CDPs requires consideration of triage of these patients in ED workflows. The term
rule inshould be reserved for those in the abnormal group who meet Universal Definition
of Ml criteria for MI. Careful education is necessary to mitigate untoward consequences,
including unnecessary testing and hospitalization for patients without Ml (see Section 5.8).
The dominant value of the hs-cTn assays is to accelerate chest pain evaluation in the ED,
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with more patients ruled out faster, allowing more rapid ED discharge, and thus decreasing
ED crowding and limiting unnecessary use of resources.

5.5. Additional Risk Stratification Beyond Troponin Measurement

5.5.1. Patients Classified as “Rule Out” by Conventional Cardiac Troponin—
Risk stratification is an important component of the evaluation of patients with possible
ACS. For institutions using conventional cTn assays (ie, non-hs-cTn assays) or those using
hs-cTn but not reporting below the 99th percentile URL, the 2021 AHA/ACC/multisociety
chest pain guideline recommends the incorporation of clinical risk scores in the evaluation
of patients with concern for ACS due to the insufficient sensitivity and NPV of these assays
alone for ruling out MI.°

There are several risk scores that have been used for ED chest pain evaluation. One of

the most commonly used scores is the HEART score, which uses readily-available clinical
data and the clinician’s interpretation of the history to risk-stratify patients (see Table 3).
A common modification of this risk score omits ¢Tn or hs-cTn. This “modified HEART
score” or “HEAR” score is used for risk stratification among patients who have been ruled
out for Ml based on cTn criteria. In a randomized clinical trial, a comparison of the HEART
pathway with standard of care among 282 patients with possible ACS, with a primary
endpoint of objective cardiac testing,107 found a 12% reduction in objective cardiac testing
at 30 days (P=0.048). A U.S. implementation study of the HEART pathway found that

a HEART score <3 combined with a nonischemic ECG and 0- and 3-hour cTn <99th
percentile identified 30.7% of patients as low risk and eligible for early discharge, with a
30-day rate of death from M1 of only 0.4%.108

A second commonly used risk score is EDACS, which also uses readily available clinical
information.109 This scoring system requires that the patient have a nonischemic ECG and
serial conventional cTn values <99th percentile over 2 hours. Validation studies in the
United States have demonstrated that those classified as low risk by the EDACS pathway
have a 30-day major adverse cardiac event rate of <1%.110.111 The Global Registry of
Acute Coronary Events and Thrombolysis in MI scores were initially developed for risk
stratification for managing NSTE-ACS, but have also been studied for evaluating patients
with acute chest pain. However, they have inferior sensitivity and NPV to the HEART score
and EDACS.112 The 2-Hour Accelerated Diagnostic Protocol to Assess Patients With Chest
Pain Symptoms Using Contemporary Troponins as the Only Biomarker (ADAPT) pathway
combines a Thrombolysis In Myocardial Infarction score of 0, a nonischemic ECG, and

0- and 2- hour ¢Tn concentrations <99th percentile to identify patients at low risk (30-day
major adverse cardiac event risk <1%), but does so with less efficacy than the HEART and
EDACS pathways,113.114

In summary, for patients presenting with symptoms of possible ACS with serial conventional
(ie, non-hs-cTn) cTn values less than the 99th percentile URL and nonischemic ECGs,

a low modified HEART score (<3) or EDACS (<16) can identify patients eligible for
discharge without a requirement for further diagnostic testing. Patients with intermediate- or
high-risk scores, elevated cTn concentrations, ischemic ECGs, or high suspicion for unstable
angina should undergo further diagnostic testing. EDACS and the modified HEART score
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are the best validated strategies and identify the largest number of patients as low risk using
conventional cTn assays.

5.5.2. Patients Classified as “Rule Out” by Hs-cTn Pathways—The 2021
AHA/ACC/multisociety chest pain guideline advises that patients who are ruled out by

an hs-cTn CDP and have a nonischemic initial ECG may be discharged without further
testing and do not require the application of risk scores.® Indeed, randomized clinical trials
that demonstrated safety and efficacy of the ESC 0/1-hour algorithm,8 the HIGH-STEACS
algorithm,” and single baseline hs-cTn rule-out pathways®1-115 did not mandate the use of
risk scores to identify patients at low risk.

Observational studies have evaluated the incremental value of risk scores when combined
with hs-cTn CDPs with mixed results. Among 1,935 patients with suspected ACS, Chapman
et all16 found that the addition of risk scores did not further improve the safety of the ESC
0/1-hour and High-STEACS pathways but decreased the number of patients identified as
low risk. In contrast, a multicenter U.S. study of 1,462 patients presenting with symptoms
of possible ACS suggested that a single hs-cTnT < LoQ combined with a nonischemic ECG
may not be sufficient to define low-risk when used without a risk score (sensitivity of 97.4%
and NPV of 98.9% for 30-day M1 or cardiovascular death).11’ Requiring a modified HEART
score of <3 increased the sensitivity to 99.5% and NPV to 99.7% but reduced the efficacy
from 31.9% to 20.1%. Others have also found higher event rates in patients who had an
hs-Tnl <5 ng/L.118 Differences between the studies include variation in populations studied
and choice of endpoints, with lower NPV found when revascularization or readmission are
included in composite study endpoints.

In summary, patients identified as low-risk by hs-cTn—based pathways endorsed by this
document (ESC 0/1-hour, ESC 0/2-hour, and High-STEACS pathways) combined with

a nonischemic ECG are eligible for early discharge without further inpatient diagnostic
testing. Although routine application of risk scores for patients identified as low risk

by these pathways is not recommended, the modified HEART score or EDACS may be
considered for selective application especially in cases where the physician believes the
patient may be higher risk based on their clinical history or symptoms at presentation. For
hospitals that wish to take a more conservative approach to ED discharge of low-risk chest
pain patients, applying risk scores to low-risk groups can be considered, recognizing that the
improvement in safety will be small and fewer patients will be discharged home. Among
patients who do undergo risk score application, patients with an intermediate or high risk
score (ie, modified HEART score =4 or EDACS =16) may be considered for additional
noninvasive testing, early outpatient follow-up, or prompt outpatient noninvasive testing
following discharge. Ultimately, the decision for discharge from the ED should not rely on
the CDP algorithm alone, but should always include the clinical assessment and judgment of
the ED provider.

5.5.3. Patients Classified as “Intermediate Risk” by Hs-cTn Pathways—For
hospitals using hs-cTn assays, chest pain algorithms stratify patients into rule-out (ie, low-
risk) or abnormal/rule-in (ie, high risk) categories (2-tiered approach), with some algorithms
including an intermediate-risk or observation-zone group (3-tiered approach). Examples of
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the 2-tier risk stratification approach include the ESC 0/3-hour and High-STEACS pathway
(see Section 5.4). In contrast, the ESC 0/1- and 0/2-hour algorithms generally have 3 tiers of
risk, although some algorithm modifications reclassify patients defined as intermediate risk
at 1-hour into rule out or abnormal at 3 hours based on hs-cTn change through 3 hours.%495
Patients classified as intermediate risk by the ESC 0/1- and ESC 0/2-hour algorithms have
minimally elevated hs-cTn (between the LoQ and the 99th percentile URL) or hs-cTn
above the 99th percentile URL but below the abnormal/high risk threshold, with no or

only minor changes in the cTn concentration over the serial measurements. Approximately
1 in 4 patients presenting with possible ACS will be assigned to the intermediate-risk
group by the ESC 0/1-hour algorithm.83:86.117 These patients are higher risk than those
traditionally admitted to observation units as they frequently have concomitant pre-existing
cardiovascular disease, other cardiovascular risk factors, and medical comorbidities. Some
will ultimately be diagnosed with a non-STEMI during their index presentation, and
accordingly, serial cTn measurements are warranted to assess for dynamic changes that
would meet the Universal Definition for Ml in the setting of symptoms of ischemia.l4

Notably, the observation group has a 30-day rate of death or MI ranging from 5% to
220/0.76,84,86

Given the increased risk for an index M1 diagnosis and 30-day major adverse cardiac
events in the intermediate-risk group, further monitoring is recommended, and diagnostic
testing may be needed (see Figure 5). When considering the disposition of these patients,
the physician must first take into consideration the patient’s presenting symptoms and
consider alternative causes to ACS for the cTn elevation. All intermediate-risk patients
should undergo repeat hs-cTn testing at 3 to 6 hours to assess for dynamic cTn changes.
Those with a significant rise in ¢cTn will be diagnosed with acute myocardial injury or

MI. For patients without a significant change in hs-cTn concentration not meeting the
criteria for abnormal/high risk after serial measurements, there is limited guidance from
observational or clinical trials to best inform patient selection for additional noninvasive
testing. Test selection should therefore take into account the suspicion for ACS, as well

as results from recent prior testing. In hospital systems that have adequate resources to
perform cardiac diagnostic testing within an observation unit setting, this may be preferable.
For patients with no or minimal additional cTn change from the prior measurement and 1)
recent normal noninvasive testing (ie, invasive or CT coronary angiogram <2 years or stress
test <1 year); or 2) chronic elevations in hs-cTn that are unchanged compared with levels
measured previously; and 3) a modified HEART score of <3 or EDACS <16, discharge
without further testing is reasonable, provided access to rapid follow-up is available. For
those not meeting these criteria, noninvasive diagnostic testing should be considered for
additional risk stratification, generally before discharge. The diagnostic test of choice will
depend on the patient’s characteristics and prior testing (outlined in Section 5.6). For

those with obstructive CAD (=50% stenosis) identified on CT coronary angiography or
moderate to severe ischemia identified on functional testing, invasive cardiac catheterization
is recommended in those with symptoms consistent with ACS.5

5.5.4. Summary—Approximately one-quarter of patients will be categorized as at
intermediate risk when applying a “3-tiered” hs-cTn pathway (ESC 0/1-hour algorithm or
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ESC 0/2-hour algorithm). Serial hs-cTn measurements over 3 to 6 hours are required for
this population, with a significant rise identifying those with acute myocardial injury and
possibly MI. For those with unchanged hs-cTn, patient selection for additional noninvasive
testing should factor in prior testing, the likelihood that symptoms represent ACS, historical
hs-cTn concentrations, risk scores, and access to rapid follow-up. For patients discharged
without additional testing, early follow-up is recommended (see Section 5.8).

5.6. Subsequent Evaluation: Noninvasive Cardiovascular Diagnostic Testing

5.6.1. Obijectives of Secondary Testing: Focus on “Intermediate-Risk”
Patients—One of the primary goals of the initial ED diagnostic evaluation of patients
with acute chest pain is the accurate risk classification into low-, intermediate-, or high-risk
cohorts to allow for appropriate guideline-directed diagnostic and therapeutic treatments.?
As discussed in prior sections, low-risk patients have a very low event rate and can usually
be discharged directly from the ED without additional in-hospital testing, whereas high-risk
patients should usually be admitted, classified as myocardial injury or Ml, and initiated

on guideline-based NSTE-ACS therapies if considered a type 1 MI. Thus, the primary

role of subsequent noninvasive cardiac testing is for the evaluation of patients classified

as at intermediate risk according to the initial CDP evaluation. The goals of noninvasive
testing are for the accurate diagnosis or exclusion of clinically significant CAD or other
cardiovascular conditions that may be the cause of the patient’s symptoms and require
specific treatments or further evaluation, as well as to risk-stratify patients who require
immediate treatment and those for which it can be delayed or deferred. Importantly,
diagnostic testing often identifies cardiac abnormalities, such as nonobstructive coronary
atherosclerosis or left ventricular hypertrophy, that require follow-up and treatment to reduce
future cardiovascular risk, highlighting the importance of consistent post-test reporting to
better inform subsequent management.

5.6.2. Pre-Test Patient Assessment—Providers should identify patients with
previously known CAD, defined as a prior MI, coronary revascularization procedure(s), or
obstructive or nonobstructive CAD on previous invasive coronary angiography or coronary
CTA.5> Additionally, the results of prior tests for CAD should influence subsequent test
selection and refine the initial risk assessment. When available, prior nongated chest

CT imaging should be reviewed for the presence and severity (mild, moderate, severe)

of coronary calcification. Similarly, the results of prior anatomical coronary imaging
(coronary artery calcium [CAC] scoring, coronary CTA, or invasive coronary angiography)
and ischemia testing should be reviewed for CAD burden (stenosis severity, extent of
disease) and the presence and severity of ischemia, respectively, as well as for the presence
and severity of artifacts. A completely normal (no plaque or stenosis) invasive coronary
angiogram or coronary CTA performed within 2 years or a normal functional test performed
within 1 year of presentation makes the presence of ACS and significant CAD unlikely, with
the absence of coronary atherosclerosis on coronary CTA providing the highest NPV for
future ACS and adverse events.>
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5.6.3. Test Description

5.6.3.1. Role of Rest Transthoracic Echocardiography: Bedside TTE can aid in the
diagnostic evaluation of patients with acute chest pain by assessing left and right ventricular
function, regional wall motion, valvular abnormalities, and pericardial effusion, among
other findings. The proliferation of point-of-care ultrasound has increased its availability

in the ED.119 High-risk patients, including those with elevated hs-cTn, should undergo a
comprehensive TTE as part of their overall clinical assessment if no recent TTE has been
performed.13 Before performing a comprehensive TTE, a more limited and focused urgent
bedside ultrasound to assess for regional wall motion abnormalities, ventricular dysfunction,
valvular dysfunction, and pericardial effusion can provide valuable triage information in
intermediate-risk patients or those with ECG changes suggestive, but not diagnostic of
ischemia.® Although evaluation of ventricular function and pericardial effusion can be
accomplished by most practitioners, assessment of regional wall motion abnormalities
should be interpreted by those who have appropriate training and expertise.119

5.6.3.2. Coronary CTA: Coronary CTA is an accurate, noninvasive method for the
diagnosis of CAD.120 The use of coronary CTA in patients presenting with acute chest

pain is supported by numerous randomized clinical trials that enrolled predominately non—
high-risk patients without previously known CAD.121 Coronary CTA is also effective as

a “gate-keeper” to invasive coronary angiography in patients with inconclusive ischemia
tests.122 Coronary CTA, compared with functional testing modalities, may be more rapidly
available to patients undergoing evaluation in the ED, making it an attractive test to provide
a timely evaluation of the presence and severity of CAD in intermediate-risk patients so that
decisions regarding disposition and management can be expedited. Clinical trials conducted
before the routine use of hs-cTn was implemented demonstrated that coronary CTA
significantly reduced the time to diagnosis (ACS vs no ACS) as compared with traditional
evaluation pathways in patients at low to intermediate risk for ACS123; limited data on

the utility in intermediate-risk patients identified by hsTn has found less benefit.124.125
Coronary CTA also frequently identifies nonobstructive CAD that may be unrelated to the
patient’s presentation but carries important long-term prognostic and preventive treatment
implications, identifying patients with unsuspected atherosclerosis who would benefit from
aggressive risk factor modification and treatment.126:127 Noncontrast chest CT for CAC
scanning is not currently recommended for routine use as a stand-alone test (without
coronary CTA) in patients with acute chest pain due to its inability to assess coronary artery
stenosis, noncalcified plaque, and high-risk plaque features.128

When available, coronary CTA should be considered the preferred noninvasive test for
patients presenting to the ED with possible ACS who do not have known CAD. Patient
characteristics favoring coronary CTA, as compared with functional ischemia tests, are
shown in Figure 6. Patients who undergo CTA who have no or nonobstructive (<50%) CAD
may be safely discharged from the ED. Patients with obstructive coronary disease (=50%)
on CTA should generally be admitted, treated with therapies for ACS, and undergo invasive
coronary angiography unless the location of stenosis or other clinical factors result in the
shared decision for guideline-directed medical therapy alone.? Protocols should be in place
for a consistent process for follow-up of patients with nonobstructive CAD who require
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additional preventive treatments and lifestyle modifications, as well any incidental findings
noted on coronary CTA.

5.6.3.3. Ischemia Testing: There are numerous tests that assess for myocardial ischemia
as a marker of clinically relevant CAD. These tests include exercise ECG testing

without imaging and exercise or pharmacologic rest/stress ECG combined with imaging,
using echocardiography, single-photon emission computed tomography, positron emission
tomography, or cardiac magnetic resonance imaging (see Table 4). Most patients with acute
chest pain at intermediate risk are likely to require stress testing with imaging, given the
high frequency of known coronary disease, heart failure, and other comorbidities that limit
the diagnostic utility of exercise ECG alone. Patient characteristics that favor ischemia
testing using stress imaging rather than anatomical imaging with coronary CTA are shown in
Figure 6.

The 2021 AHA/ACC/multisociety chest pain guideline recommends that an assessment of
CAC burden using the Agatston calcium score or visual description (none, mild, moderate,
severe), as appropriate, be included in nuclear stress test reports (single-photon emission
computed tomography, positron emission tomography) if CT attenuation testing or dedicated
CAC scoring is routinely performed by nuclear testing laboratories.? Such information may
assist in risk stratification, decision-making in the case of equivocal stress test findings or
artifacts, and post-testing use of preventive therapies.

5.6.4. Diagnostic Algorithm for Choosing Appropriate Imaging Tests—The
suggested diagnostic approach for subsequent testing in patients at intermediate risk of
30-day major adverse cardiac events is summarized in Figure 6.

5.6.5. Summary—It is important that providers understand the unique features of each
of the noninvasive testing modalities to enable selection of the optimal diagnostic test based
on patient characteristics and guideline recommendations (see Table 5). Decisions on the
specific choice of test should include patient factors (see Figure 6), test availability and
timeliness of test reporting, and institutional expertise. Additionally, patients previously
having nondiagnostic test results using a particular modality should be considered for testing
using an alternative test for CAD where high diagnostic accuracy is likely.

5.7. Classification, Evaluation, and Management of Myocardial Injury

Increased implementation of hs-cTn assays will lead to more frequent detection of elevated
cTn concentrations among patients presenting with possible ACS, with many elevations
unrelated to M1.103.105 Appreciating this, the latest iteration of the Universal Definition of
Ml introduced the term myocardial injury to reflect the detection of any cTn concentration
above the 99th percentile URL.14 Myocardial injury is considered acute if there is a dynamic
rise and/or fall of cTn concentrations exceeding the analytical variation of the assay (>20%
relative change), with at least 1 value above the 99th percentile, and chronic if the cTn level
remains elevated but stable over serial measurements.1#

When evaluating patients using cTn, the first step is to determine if the cTn elevation is
acute or chronic. This is based on serial changes in cTn concentration over time, typically
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over a few hours (see Figure 7). Repeat sampling over a more prolonged time period should
be considered in those with minimal change in concentrations to better discriminate acute
from chronic injury. In addition, patients presenting late after MI onset may have minimal
change in cTn concentrations when assessed over short time periods,®’ such that clinical
presentation is important for interpreting cTn values. A significant change has been variably
defined, but for lower cTn concentrations, an absolute rather than a relative change should
be used.>2

If acute myocardial injury is present, the next step is to determine if the cTn elevation
reflects MI. According to the Universal Definition of Ml, diagnosis requires both acute
myocardial injury and the presence of myocardial ischemia based on the occurrence of

one of the following: 1) symptoms suggestive of myocardial ischemia; 2) new ischemic
changes on the ECG; 3) new pathological Q waves; 4) new ischemic regional wall

motion abnormalities on cardiac imaging; or 5) acute coronary thrombus/erosion on
invasive coronary angiography.14 Unfortunately, clinical evidence of ischemia is frequently
ambiguous, and an accurate diagnosis may not be immediately evident; thus, additional
testing may be needed.

Five distinct clinical subtypes of MI have been introduced. MI subtypes are summarized

in Table B of the Supplemental Appendix.1* Type 1 MI occurs due to acute plague
disruption (from rupture or erosion). In the context of patients presenting to the ED with
symptoms concerning for ischemia, and in the absence of any additional medical condition
triggering their symptoms, patients should be managed for type 1 Ml according to the latest
ACC/AHA NSTE-ACS guidelines.1213.129 A type 2 M1 is myocardial necrosis precipitated
by a mismatch in myocardial oxygen supply-demand in the absence of atherothrombosis. It
may occur in the setting of an acute medical or surgical condition and often is associated
with fixed atherosclerotic CAD, but this is not required. Similar to type 1 Ml, type 2 Ml
requires symptoms, ECG changes, new wall motion abnormalities, or coronary angiographic
findings to be considered an MI. The differentiation of type 2 MI from nonischemic acute
myocardial injury can be challenging, as they can have overlapping precipitants (eg, heart
failure).130 Even when given specific criteria, cardiologists have only a modest rate of
agreement for differentiating between the two.131

5.7.1. Importance of Differentiating Subtypes of MI—The differentiation of type
1 MI from the remaining subtypes of MI and nonischemic myocardial injury is important

for several reasons. Treatment strategies for type 1 Ml are defined by evidence from large

randomized controlled trials and outlined in clinical guidelines.12:13.129

In contrast, there are limited data on the appropriate management of patients with type 2 Ml,
and even less for patients with nonischemic myocardial injury. Accurate differentiation and
coding of the subtypes of Ml is important because patients with type 1 Ml (unlike type 2 Ml
and myocardial injury) are included in value-based programs and have ACC/AHA Clinical
Performance and Quality Measures to guide their care,105.132-134

5.7.2. Type 2 Ml—Patients with type 2 Ml are frequently encountered in clinical
practice. Data from a U.S. national registry database in 2017 found type 2 Ml represented
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at least 15% of total M cases.135 However, the incidence appears higher in the ED (ranging
from 26% to 58%) when causes of cTn elevation are adjudicated.130

When compared with patients with type 1 MlI, those with type 2 M1 are usually older, have
more noncardiovascular comorbidities, and have less prevalent traditional atherosclerotic
risk factors.13% Because type 2 M patients have not been specifically evaluated in clinical
trials, management of this population in practice has been heterogenous and divergent
from patients with type 1 MI. Patients with type 2 M1 are less likely than patients with
type 1 Ml to be discharged on secondary preventive therapies or to undergo invasive
angiography and revascularization.135-138 However, CAD is common among patients with
type 2 MI when imaging is systematically applied; approximately two-thirds have CAD
and one-third have obstructive disease.23 Furthermore, one-third have left ventricular
dysfunction detected on imaging.13° Following discharge, major adverse cardiovascular
events are higher when compared with type 1 M1136 due to a greater comorbidity burden and
risk of noncardiovascular mortality.136

Given the high burden of atherosclerotic disease and the substantial recurrent cardiovascular
event rate, the following framework for managing patients with type 2 MI seems reasonable,
although firm guidance is limited due to an absence of randomized clinical trials in this
population (see Figure 8). If there is uncertainty regarding whether the diagnosis is a type

1 or 2 M, clinicians should generally manage the patient as presumed type 1 MI. Once

the diagnosis of type 2 Ml is made, clinicians should first identify and treat the precipitant
of acute supply/demand mismatch. A structural evaluation of the heart with TTE should

be performed to assess for regional wall motion abnormalities, valvular heart disease, and
systolic dysfunction. Among patients with no recent evaluation for CAD, an anatomical or
functional evaluation for CAD should be considered, as undiagnosed CAD is frequently
present, and obstructive CAD is associated with a higher rate of recurrent events.136139-141
For patients who are clinically stable and without ongoing ischemic symptoms, this can be
deferred to the outpatient setting following discharge.

Among patients with known or newly diagnosed CAD or ischemia, secondary

prevention therapies, including aspirin and lipid-lowering therapy, should be initiated or
optimized.130.142.143 Beta-blockers may be beneficial, particularly among patients with
angina, tachyarrhythmias, and confirmed CAD. Among patients with ischemic symptoms,
antianginal medications should be adjusted. Treatments for cardiovascular comorbidities,
including diabetes, chronic kidney disease, and hypertension, should also be optimized
according to prevention guidelines. Among patients with obstructive CAD, revascularization
may be considered on a case-by-case basis, considering the precipitant of the type 2 Ml

and likelihood of recurrence, burden of anginal symptoms and current antianginal therapy,
severity and complexity of CAD, presence or absence of left ventricular dysfunction,
comorbidities, and life expectancy. Clinical trials are needed to inform the role of routine
revascularization in this population. For patients who have had CAD or ischemia excluded,
aspirin and lipid-lowering therapy should be implemented in those who meet treatment
indications based on the patient’s cardiovascular disease risk.144 Similarly, cardiovascular
risk factors, including hypertension, diabetes, hypertriglyceridemia, and tobacco use, should
be addressed and optimized.144145
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5.7.3. Myocardial Injury—Accumulating data indicate that the majority of patients with
elevated cTn concentrations in the ED will not have type 1 MI but rather will have type

2 MI or myocardial injury, particularly among centers that have transitioned to hs-cTn
assays.103.105.146,147 Athough implementation of hs-cTn assays is associated with increased
detection of type 1 Ml, it is also associated with a greater increase in identification of type

2 M1 and myocardial injury.1%4 The frequency of elevations will increase if sampling is
performed in more heterogeneous patients where the diagnostic suspicion for ACS is lower.
In one recent U.S. study, almost one-half (47%) of patients who had hs-cTnT sampling had
values above the 99th percentile URL.105

Troponin may be elevated due to several mechanisms beyond ischemia, including
inflammation, cell turnover, exocytosis, apoptosis, and decreased clearance.148 For that
reason, the differential diagnosis for acute and chronic myocardial injury is broad (see

Table 4). As left ventricular hypertrophy and heart failure are strongly correlated with
myocardial injury, a structural evaluation of the heart with TTE should be performed if

not recently undertaken.14® Cardiac magnetic resonance imaging can be useful in selected
cases to better delineate the etiology of acute myocardial injury (eg, myocarditis or an
infiltrative cardiomyopathy). As symptoms of ischemia can be challenging to differentiate
from other pathologies (eg, heart failure), ischemic or anatomical testing may be required for
clarification in some patients.

Initial management should focus on identification and treatment of the underlying cause
of myocardial injury (see Figure 9). Notably, patients with acute myocardial injury have a
high rate of subsequent cardiovascular events,136:150 with approximately 15% experiencing
an M1 or cardiovascular death at 1 year.194 A higher risk of heart failure is also observed
with increasing concentrations of cTn.150 The risk is higher among patients with acute
rather than chronic myocardial injury.104 Similar to type 2 M, there are limited data

to inform management of myocardial injury. Most available data are observational and
focus on chronic rather than acute myocardial injury. Observational data suggest that
chronic myocardial injury may identify patients who derive greater absolute benefit from
atherosclerotic and heart failure preventive therapies. In addition, data from primary
prevention trials have found that patients with myocardial injury have a greater absolute
benefit from statin therapy.121 Until further data emerge, for individuals not already on
lipid-lowering therapy, the presence of myocardial injury should be considered as a risk
enhancer in the application of the ACC/AHA guidelines for determining statin eligibility.
This would result in a lower threshold for statin initiation in patients with cardiac injury.

Among patients with hypertension, a post hoc analysis of the SPRINT (Systolic Blood
Pressure Intervention Trial) found that intensive blood pressure control resulted in
substantially larger absolute reductions in risk for heart failure and death among patients
with chronic myocardial injury vs those with normal hs-cTnT levels.152 Additionally,
modeling studies suggest that in the general population, chronic myocardial injury identifies
individuals with elevated blood pressure or hypertension not currently recommended for
antihypertensive medications who are at high risk for cardiovascular events1>3 and would
be expected to benefit from pharmacologic treatment for hypertension. Accordingly, blood
pressure should be optimized (<130/80 mm Hg) for all patients with myocardial injury.
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However, blood pressure optimization can be deferred to the outpatient setting for most
patients unless blood pressure is markedly elevated. In addition to those with hypertension,
patients with chronic myocardial injury may also derive greater benefit from newer glycemic
agents. Post hoc analyses from 2 recent sodium-glucose cotransporter 2 inhibitor (SGLT2i)
trials found that patients with myocardial injury derived greater absolute major adverse
cardiac event reduction from SGLT2i treatment.154155 Therefore, among individuals with
type 2 diabetes and myocardial injury, addition of an SGLT2i may reduce subsequent risk
for heart failure.

5.8. Disposition, Follow-up, and Treatment

Safe and efficient management of chest pain in the ED requires appropriate follow-up
after discharge from the ED or hospital. Timing of follow-up and referral for outpatient
noninvasive testing should be influenced by patient risk and results of cardiac testing.

Implementation of CDPs (see Section 5.4) results in important changes to hospital workflow
for patients with chest pain, as many more patients are ruled out for M1 while still in the

ED rather than from observation or the hospital units, shifting the burden of ensuring safe
discharge and transition to the ED. Thus, a major priority for all health systems considering
implementation of accelerated CDPs is to ensure that adequate follow-up is available for all
patients discharged from the ED, including those who are uninsured or underinsured or lack
primary care physicians (PCPs).

5.8.1. Rule Out by CDP Algorithm—As discussed earlier in Sections 5.4 and 5.5,
patients ruled out using an hs-cTn CDP are eligible for discharge from the ED without
further noninvasive cardiac testing due to their low likelihood of 30-day death and MI.
Given that most patients will have a noncardiac etiology for their chest pain, evaluation

for alternative, non—ACS-related cardiac and noncardiac conditions should be performed as
clinically appropriate. Following discharge, low-risk patients ruled out for M1 by one of the
CDPs should be referred for outpatient follow-up within 30 days and, if feasible, within 14
days. Whenever possible, patients with established PCPs (physician or advanced practice
provider) or cardiologists should be instructed to follow up with their established clinician
to maintain continuity of care. If possible, the patient’s PCP and/or cardiologist should be
notified at the time the patient is discharged from the ED to facilitate outpatient follow-up.

5.8.2. Intermediate-Risk Patients—For hospitals using variations of the ESC 0/1-
hour or ESC 0/2-hour algorithms, approximately 25% of patients will be classified as

at intermediate risk83:86.117 and require additional observation and hs-cTn measurement

3 to 6 hours later. A substantial proportion of these patients will undergo predischarge
noninvasive testing, based on results of serial hs-cTn, modified HEART score or EDACS,
and prior cardiac testing (see Sections 5.5 and 5.6), However, a subset of patients in the
intermediate-risk group may be determined to be sufficiently low risk to consider discharge
without inpatient noninvasive testing (see Section 5.5.3). It is important to recognize that
“intermediate-risk” patients are at higher risk than “rule-out” patients, as they frequently
have concomitant pre-existing cardiovascular disease, other cardiovascular risk factors, and
medical comorbidities, and thus close follow-up is recommended, preferably within 7 days.
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For patients who undergo predischarge noninvasive testing with normal or low-risk findings,
a longer time window for follow-up is reasonable. Whenever possible, patients should
follow-up with their established cardiologist or PCP, which can be particularly helpful given
the complexity of this group of patients. In hospital systems in which PCP follow-up is not
routinely available, development of an acute care follow-up clinic to address these issues
should be strongly considered. Standardized follow-up can be useful for implementing risk
factor modification and treatment, evaluating noncardiac causes for the patient’s chest pain,
and identifying a need for further follow-up.

For patients undergoing noninvasive cardiac testing before discharge, admission to an
observation unit is recommended as an alternative to inpatient admission. Patients with
symptoms consistent with ACS with reduced left ventricular systolic function should

be considered for coronary angiography.13 Patients with moderate or severe ischemia
identified on stress testing or obstructive CAD detected on computed tomography coronary
angiography should be admitted for further evaluation, with a strong consideration for
coronary angiography. For patients with borderline obstructive CAD (=0%-70% stenosis)
identified on computed tomography coronary angiography not classified as high risk,
fractional flow reserve-computed tomography or stress testing may be considered before
proceeding with invasive coronary angiography.®

Patients with no or mild ischemia on stress testing, nonobstructive CAD, or obstructive CAD
with fractional flow reserve-computed tomography >0.8 should be considered for discharge.
Addition of preventive medical therapy should be implemented, as outlined in Section 5.8.4.
Early follow-up with a PCP and/or established cardiologist is recommended after discharge
to ensure appropriate implementation of risk factor modification therapies.

5.8.3. High-Risk or Abnormal Classification by CDP—The majority of patients
who are classified as abnormal or high risk by hs-cTn-based CDPs will require hospital
admission and/or cardiology consultation before discharge. Patients should be classified
according to the Universal Definition of MI (see Section 5.7) as having type 1 or 2 Ml or
acute or chronic myocardial injury. Patients diagnosed with type 1 Ml should be admitted
and managed according to the ACC/AHA STEMI and NSTE-ACS guidelines.1213.129 CJose
outpatient cardiology follow-up and referral to cardiac rehabilitation are recommended on
discharge.

Patients diagnosed with type 2 MI or acute myocardial injury should be admitted by the
most appropriate hospital team (medicine, surgery, or cardiology) for treatment of the
underlying precipitant for their Ml or injury. Management recommendations for patients
with type 2 M1 and acute myocardial injury, including considerations for cardiac testing
and preventive therapy initiation, are outlined in Section 5.7. Importantly, because patients
with type 2 MI and myocardial injury are at high risk for subsequent adverse cardiac
events, 136 outpatient follow-up with cardiology is recommended, as it has been associated
with greater initiation of secondary prevention recommendations!°6 and may be associated
with improved outcomes.1®” Disposition of patients with chronic myocardial injury (elevated
hs-cTn without significant change over serial sampling) should be individualized. These
patients do not routinely require admission or cardiology consultation unless there is an

JAm Coll Cardiol. Author manuscript; available in PMC 2023 December 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Page 30

indication for admission other than an elevated hs-cTn level. Because of the association

of chronic myocardial injury with underlying structural and functional cardiovascular
abnormalities, additional imaging with TTE as an outpatient with subsequent cardiology
follow-up is recommended for those who have not had a TTE recently. Recommendations on
cardiovascular disease prevention approaches for chronic myocardial injury are discussed in
Section 5.7.3.

5.8.4. Abnormal Findings Detected on Noninvasive Cardiac Testing

5.8.4.1. Incidental Findings: Incidental nonurgent/emergent findings detected on CTA are
not uncommon!58 and therefore should be clearly documented in discharge information,
which should be sent to the PCP. Arrangements for subsequent imaging (either surveillance
or additional dedicated testing), if required, should be coordinated by the PCP following
discharge. If the patient does not have an identified provider, referral to one or to a dedicated
ED acute-care follow-up clinic should be performed.

5.8.4.2. Nonobstructive Coronary Artery Disease: It is now recognized that a large
number of Mls arise from nonobstructive coronary lesions. Intensification of preventive
therapies among patients with obstructive and nonobstructive CAD can reduce progression
of CAD and may prevent subsequent cardiac events. However, approximately one-half

of patients identified as having nonobstructive CAD on computed tomography coronary
angiography in the ED are not discharged on lipid-lowering therapy or aspirin.159 This
likely reflects, in part, an absence of dedicated clinical trials of preventive therapies for
nonobstructive CAD, including those performed in patients presenting with acute chest pain,
and an ED focus on the disposition and acute rather than long-term management of these
patients. Observational studies have indicated that statins are associated with lower risk of
all-cause mortality and cardiovascular events among patients with nonobstructive CAD.160
Similarly, aspirin has been associated with a lower risk of cardiovascular events in high-risk
individuals.161

Until further data from clinical trials emerge, we advise that statin therapy should be
initiated for patients diagnosed with nonobstructive CAD or those with CAC =100 from the
ED. Initiation of aspirin may also be reasonable for patients with nonobstructive CAD or
those with CAC =100 who have a low bleeding risk.162

6. CONCLUSIONS AND IMPLICATIONS

A systematic approach—»both at the level of the institution and the individual patient—is
essential to achieve optimal outcomes for patients presenting with chest pain to the ED. At
the institution level, this Expert Consensus Decision Pathway recommends implementation
of hs-cTn assays in conjunction with a CDP to reduce ED “dwell” times and increase the
proportion of patients with chest pain who can safely be discharged without additional
testing. Successful implementation will decrease ED crowding and limit unnecessary testing.
At the individual patient level, this document aims to provide structure for the ED evaluation
of chest pain, accelerating the evaluation process and matching the intensity of testing and
treatment to patient risk. This evaluation includes careful ECG review and, for appropriate
patients, entry into a CDP that combines hs-cTn measurements with risk assessment and
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selective use of noninvasive testing. The CDP is used to help to guide triage, treatment, and
disposition decisions. The CDP should be viewed as a tool to augment rather than replace
the clinical judgment of the care team.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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(see Section 5.2)
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(see Section 5.4)
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may be considered ; Conlﬂdel _

noninvasive testing
{see Section 5.6)

FIGURE 1. Pathway Summary Graphic

P -----

If abnormal delta hs-cTn

LIRR— STEMI or -
STEMI equivalent
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Manage as per 2013
ACCF/AHA STEMI
guideline

ST-segment |
ik or T-wave changes e

Manage as per 2014

AHA/ACC NSTE-ACS
consistent with ischemia guideline
T
)
1
]
1
1
]
Higher risk/ !
abnormal .
— ]
f )
I 1
1
[
1 Classify per UDMI
- Type 1 MI
Type 2 MI

Acute myocardial injury
Chronic myocardial injury
(see Section 5.7)

*Unchanged high-sensitivity troponin concentration (ie, no or minimal change over serial
measurements) with 1) recent normal testing (ie, invasive or CT coronary angiogram <2
years ago or stress test <1 year ago); 2) symptoms inconsistent with possible ACS; 3)
chronic elevations in hs-cTn that are unchanged compared with levels measured previously;

or 4) a modified HEART score <3 or EDACS <16.

ACC = American College Cardiology; ACS = acute coronary syndrome; AHA = American
Heart Association; CDP = clinical decision pathway; ECG = electrocardiogram; EDACS =
Emergency Department Assessment of Chest Pain Score; HEART = History, ECG, Age,
Risk Factors, and Troponin; hs-cTn = high-sensitivity cardiac troponin; MI = myocardial
infarction; NSTE-ACS = non-ST-segment elevation acute coronary syndrome; STEMI =
ST-segment elevation myocardial infarction; UDMI = Universal Definition of MI.
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STEMI
or
STEMI equivalent*

Manage as per
2013 ACCF/AHA STEMI guideline

* Ischemic ST-segment depression or T-wave inversion

« ST-segment elevation in aVR with multilead ST-depression Monageee pe

2014 AHA/ACC NSTE-ACS guideline
* Wellen's Sign

Other findings concerning for * Emergent cardiology consultation
e ischer?\ia = farct?on* ¥ * Perform serial ECGs over short intervals
* Emergent echocardiogram
S AS
™\ s
Nonischemic ECG » Enter CDP
k. S p

FIGURE 2. Initial ECG Assessment
*See Table 1 for ECG findings of STEMI equivalent and findings consistent with ischemia

or infarction.

ACC = American College of Cardiology; AHA = American Heart Association; aVR =
augmented vector right; CDP = clinical decision pathway; ECG = electrocardiogram; NSTE-
ACS = non-ST-segment elevation acute coronary syndrome; STEMI = ST-segment elevation
myocardial infarction.
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[ Chest pain with nonischemic ECG }
Chest pain onset 23 hours
and 0-hour hs-cTnT <6ng/L P =
hs-cTnl <LoQ* Any value 2C
or Gthiectesults A 0-1-hour 2D
0-hour <A and -
A 0-1-hour <B
Rule out Observational zone Abnormal
low risk! intermediate risk? higher risk®
Assay LoQ A B Cc D
Roche Elecys hs-cTnT 6 12 S 52 5
Abbott Architect hs-cTnl 4 5 2 52 ()
Beckman Coulter Access hs-cTnl 3 5 4 50 15
Siemens ADVIA Centaur hs-cTnl 3 [ 3 120 12
Siemens Atellica hs-cTnl 3 6 3 120 172
Siemens Dimension Vista hs-cTnl 3 5 2 107 19

FIGURE 3. Modified European Society of Cardiology 0/1-Hour CDP for Ruling Out Ml
Sources for this Figure: 65.71.77-79,81-85

Note that variations of these rapid CDPs have been implemented in different centers, and
modification of the algorithms shown may be considered based on local considerations.

All values in the chart in are ng/L. *The LoQ may differ slightly from the 0-hour rule-out
threshold tested in individual studies. Using a cutoff of <5 ng/L can also be considered
instead of the LoQ for the 0-hour rule-out threshold for hs-cTnl assays. TSee Sections

5.6 and 5.8 for recommendations on follow-up and testing. $See Section 5.5.3. Additional
evaluation should include at least one additional observation with hs-cTn measurement at
3-6 hours, with classification of myocardial injury, as described in Section 5.7, into chronic
myocardial injury, acute myocardial injury, type 1 MI, and type 2 Ml, as per the Universal
Definition of Myocardial Infarction. 8Patients with acute M1 should be managed according

to standard practice guidelines.

CDP = clinical decision pathway; ECG = electrocardiogram; hs-cTnl= high-sensitivity
cardiac troponin I; hs-cTnT = high-sensitivity cardiac troponin T; LoQ = limit of
quantification; MI = myocardial infarction.

JAm Coll Cardiol. Author manuscript; available in PMC 2023 December 01.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Page 49

[ Chest pain with nonischemic ECG }
Symptom onset =3 hours* hs-cTnl 5 ng/L - 99™ percentile hs-cTnl
and hs-cTnl <5 ng/L or e
. - GOth i
hs-cTnToL St hs-cTnT 6 ng/L - 99" percentile hs-cTnT >99* percentile
"
Rule out Observational zone Abnormal
low risk intermediate risk higher risk

Retest at 3 hours

| / ,.

Outpatient follow-up!

Discharge home 0-3-hour A <3 ng/L J { 0-3-hour A 23 ng/L Additional e\.‘ralu‘ation
and testing

FIGURE 4. High-STEACS Early Rule-Out CDP
Sources for this Figure: 7475

*Although clinical trials with the HIGH-STEACS pathway have required chest pain onset
>2 hours before presentation, we recommend requiring a =3-hour period between chest pain
onset and the first troponin measurement in order to qualify for rule out at time 0. TSee
Sections 5.6 and 5.8 for recommendations on outpatient follow-up and testing. $Additional
evaluation is recommended, with consideration of hospital observation or admission, and
noninvasive anatomical or functional testing as described in Section 5.6. Myocardial injury
should be classified as described in Section 5.7 into chronic myocardial injury, acute
myocardial injury, type 1 MI, and type 2 M, as per the Universal Definition of Myocardial
Infarction. Patients with acute MI should be managed according to standard practice
guidelines. Patients with chronic myocardial injury may be appropriate for discharge and
management in an outpatient setting (see Sections 5.7 and 5.8).

ACS = acute coronary syndrome; ECG = electrocardiogram; High-STEACS = High-
Sensitivity Troponin in the Evaluation of Patients With Acute Coronary Syndrome; hs-cTnl
= high-sensitivity cardiac troponin I; hs-cTnT = high-sensitivity cardiac troponin T; Ml =
myocardial infarction.
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Observation zone

l Intermediate risk w

Any of the following present:
1.Recent normal testing'
2.Chronic elevations in

hs-cTn that are similar to
levels measured previously

3. Low modified HEART score
(=3) or EDACS (<16)

1. Repeat hs-cTn at 3-6 hours

2. Perform risk stratification
with modified HEART score
or EDACS

3. Review prior testing

Page 50

!

[ Reclassified as lower risk

Consider discharge with
outpatient noninvasive testing
in selected patients
(see Section 5.8)

Not meeting criteria to
reclassify to lower- or
higher-risk categories

Consider noninvasive testing
before discharge
(see Section 5.6)

FIGURE 5. Algorithm for Intermediate-Risk Patients
*Evidence-based criteria do not exist to define change thresholds for hs-cTn at the 3-

to 6-hour timepoint. As reviewed in Section 5.2, although a 20% relative change from

the baseline measurement has been proposed to define significant change, this threshold
lacks specificity at low hs-cTn values in part due to assay imprecision. Thus, at lower
hs-cTn values near the sex-specific 99th percentile URL values, absolute changes should
be used to define clinically-significant change, whereas at higher troponin values, a 20%
relative change in values may be a more reasonable threshold. Clinical judgment is needed
to interpret small fluctuations in hs-cTn values over serial measurements, as these small
changes may reflect assay imprecision rather than acute cardiac injury. TRecent normal
testing is considered an invasive or CT coronary angiogram <2 years without evidence of
coronary plaque or a stress test <1 year without ischemia.
ECG = electrocardiogram; EDACS = Emergency Department Assessment of Chest Pain
Score; HEART = History, ECG, Age, Risk Factors, and Troponin; hs-cTn = high-sensitivity
cardiac troponin; UDMI = Universal Definition of Myocardial Infarction.
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Any of the following present:
1.Significant increase in hs-cTn
from last measured value*

2.0ngoing or recurrent chest
pain concerning for ischemia

3.New ECG findings consistent
with ischemia

-

Reclassified as
abnormal/higher risk

1!

Classify as per UDMI
(see Section 5.7)
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Suspected ACS at
intermediate risk

Page 51

FIGURE 6. Guideline-Directed Approach to Subsequent Diagnostic Testing in Patients With

Suspected ACS at Intermediate Clinical Risk

*Prior myocardial infarction, coronary revascularization, or stenosis >50% or extensive

nonobstructive CAD on prior ICA/CTA. TExercise ECG, stress CMR, stress
echocardiography, stress perfusion imaging.
ACS = acute coronary syndrome; CAD = coronary artery disease; CT = computed

tomography; CTA = computed tomography angiography; ICA = internal carotid artery;

LVEF = left ventricle ejection fraction; TTE = transthoracic echocardiogram.
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[ Troponin concentration >99'™ ]
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l percentile upper reference limit J

Troponin I _}
concentration

rising/and or falling

Evidence of ischemia

Acute
myocardial injury
(see Table 5
for examples)

Acute MI
(See Supplemental
Table A for
subtypes of MI)

FIGURE 7. Classification of Myocardial Injury
MI = myocardial infarction.
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‘ Treat precipi |
Known CAD |+ i F and No known CAD
—J ‘ mlunﬁon with TTE I
ical or 1
iunchunal evaluation for CAD J

r.
Ne CAD or ischemia
‘ CAD or ischemia detected [ No testing performed ] [ detected J

4

* Aspirin and lipid-lowering therapy

Lipid lowering therapy and

4 CV risk factor optimization
* CV risk factor optimization as per the 2019 as per the 2019 AHA/ACC
AHA/ACC primary prevention guideline primary prevention guideline

+ Anti anginal therapy if symptomatic

* Ci

-y

ischemia and
ion on by basis

FIGURE 8. Management of Type 2 Ml
ACC = American College of Cardiology; AHA = American Heart Association; CAD

= coronary artery disease; CV = cardiovascular; Ml = myocardial infarction; TTE =
transthoracic echocardiogram.
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Acute myocardial injury

Chronic myocardial injury

Consider noninvasive functional
or anatomical testing

if presence/absence of ischemia
cannot be determined

Treat precipitating factor

sl

+

CMR may be useful
in select situations*

Consider TTE if not recently
performed

Consider TTE
(inpatient or outpatient)
if not recently performed

I

Application of ASCVD Risk Estimator
to guide lipid-lowering therapy

|

Lifestyle and pharmacologic approaches
to mitigate heart failure risk"

FIGURE 9. Management of Myocardial Injury
* Concern for myocarditis, hypertrophic cardiomyopathy, infiltrative cardiomyopathies. T

Ensure blood pressure and diabetes are optimized; encourage increased physical activity and

weight loss in overweight and obese individuals.

ACC = American College of Cardiology; AHA = American Heart Association; ASCVD =
atherosclerotic cardiovascular disease; CMR = cardiac magnetic resonance imaging; TTE =
transthoracic echocardiogram.
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TABLE 3

Modified HEART Scores and EDACS Data Components

HEART Score Components
Low risk: 0-3 points;
non-low risk: 24 points

EDACS Components
Low risk: 0-15 points;
non-low risk: 216 points

History Age,y
High suspicion 18-45 2
Moderate suspicion 46-50 4
Low suspicion 51-55 6
Electrocardiogram 56-60 8
ST-segment deviation 61-65 10
Paced, LBBB, RBBB, or LVH 66-70 12
Normal or nonspecific changes 71-75 14
Age,y 76-80 16
>65 81-85 18
45-65 86+ 20
<45 Male sex 6
Cardiac risk factors Age 18-15 and either >3 cardiac 4
23 or known CAD Diaphoresis 3
1-2 Pain radiating to arm or shoulder 5
0 Pain worsened with inspiration -4
Pain reproduced by palpation -6

Page 58

CAD = coronary artery disease; EDACS = Emergency Department Assessment of Chest Pain; HEART = History, ECG, Age, Risk Factors, and

Troponin; LBBB = left bundle branch block; LVH = left ventricular hypertrophy; RBBB = right bundle branch block.
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