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KEY POINTS

e 5.1% of emergency department patients with chest pain have acute coronary syndrome.

e Acute coronary artery occlusion is best managed with emergent reperfusion.

¢ Clinical decision pathways incorporating history, risk factors, electrocardiogram, and car-
diac troponin are used to risk stratify patients without an indication for emergent
reperfusion.

e Patients at low risk of acute coronary syndrome can be safely managed in the outpatient
setting.

e Patients at intermediate risk may warrant cardiology consultation if they have previously
abnormal cardiac tests, or if there is diagnostic uncertainty.

INTRODUCTION

Chest pain is a common chief complaint in the emergency department.’ About 50% of
patients with chest pain are ultimately diagnosed with a noncardiac condition, and the
majority do not have a life-threatening illness.> In constrast, 5.1% of patients are
diagnosed with acute coronary syndrome (ACS)—a spectrum of symptomatic occlu-
sive coronary heart disease (CHD) and impaired myocardial perfusion. Clinically, ACS
is suggested by a suspicious history (chest pain characteristics and risk factors) and
either electrocardiogram (ECG) or troponin abnormalities consistent with myocardial
ischemia. Acute coronary occlusion (ACO) is frank or impending irreversible progres-
sion from myocardial ischemia to necrosis and is managed with emergent reperfusion
(revascularization via percutaneous coronary intervention [PCI]). Although CHD affects
more than 18 million adults and is a leading cause of death in the United States,* an-
gioplasty is no panacea. Compared with optimized medical therapy alone, revascular-
ization has not shown a clear benefit in reducing mortality or improving exercise
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Ramos & Wolek

Table 1
Acute coronary syndromes
Cardiac Biomarkers ECG Changes
Unstable angina Normal TWI or ST depression
NSTE MI Elevated TWI or ST depression
STE Ml Normal or elevated ST segment elevation, presumed
new LBBB

Abbreviations: ECG, electrocardiogram; LBBB, left bundle branch block; MI, myocardial ischemia;
NSTE, non-ST elevation; STE, ST segment elevation; TWI, T wave inversion.

tolerance among patients with stable CHD disease.® In the absence of evidence sug-
gesting ACO, risk stratification is often used in the emergency department to identify
patients who would benefit from advanced cardiac testing or intervention. Considering
the therapeutic limitations of angioplasty, and the futility and harm from aggressive
testing strategies, one challenge is the disposition of patients with chest pain who
are at a low risk for ACO or major adverse cardiac events (MACE).%"

DEFINITIONS

Myocardial injury occurs in occlusive and nonocclusive conditions whereby myocar-
dial perfusion (supply of oxygen and nutrients) is insufficient relative to metabolic de-
mand.®° Occlusive conditions (coronary artery disease, thrombosis, vasospasm,
dissection) obstruct the arterial blood supply of the heart, resulting in variably revers-
ible hypoperfusion of the myocardium. Coronary artery disease (CAD), a leading
contributor to CHD, is pathologically characterized by arterial vasoconstriction, mural
thrombus formation, or, more commonly, lipid plaque formation, rupture, or erosion.
Nonocclusive conditions include inadequate metabolic support (eg, hypoxemia, se-
vere iron deficiency anemia), decreased coronary perfusion (eg, hypotension, hemor-
rhagic shock, sepsis), or increased myocardial oxygen demand (eg, fever,
supraventricular or ventricular tachyarrhythmia, thyrotoxicosis).

The ACSs (Table 1) are symptomatic manifestations of CHD and are classically
defined by symptoms (chest pain or anginal equivalent) and objective evidence of
myocardial injury.® In an era before universal adoption of coronary angiography and
PCI, ST segment elevation (STE) was retrospectively identified among patients who

Box 1
The fourth universal definition of myocardial infarction

An increase and/or decrease of cardiac troponin, with at least one value above the 99th

percentile upper reference limit, and corroborative clinical evidence of infarction evidenced by

at least 1 of the following:

e Symptoms of myocardial ischemia

e New ischemic electrocardiographic changes

e Development of pathologic Q waves

e Imaging evidence of new loss of viable myocardium or new regional wall motion
abnormality in a pattern consistent with an ischemic cause

e Identification of a coronary thrombus by angiography or autopsy

From Thygesen K, Alpert JS, Jaffe AS, et al. Fourth Universal Definition of Myocardial Infarction
(2018). Circulation. 2018;138(20):e618-e651; with permission.
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Box 2
Risk factors for coronary heart disease

e Diabetes
e Hypertension
e Hyperlipidemia

e Human immunodeficiency virus

Chronic kidney disease

Coronary artery bypass graft

Age (>45 years in men, >55 years in women)

Early CAD in a first-degree relative

Cerebral or peripheral arterial disease

Sedentary lifestyle
e Obesity (Body Mass Index>30)
e Smoking history

e Cocaine and methamphetamine use

Data from Collet JP, Thiele H, Barbato E, et al. 2020 ESC Guidelines for the management of
acute coronary syndromes in patients presenting without persistent ST-segment elevation.
Eur Heart J. 2021;42(14):1289-1367; and Gulati M, Levy PD, Mukherjee D, et al. 2021 AHA/
ACC/ASE/CHEST/SAEM/SCCT/SCMR Guideline for the Evaluation and Diagnosis of Chest Pain:
A Report of the American College of Cardiology/American Heart Association Joint Committee
on Clinical Practice Guidelines. Circulation. 2021;144(22):e368-e454.

benefitted from fibrinolytic reperfusion, and it is a central component of the classic
ACS definitions.'® The absence of STE does not exclude ACO or predict more favor-
able outcomes from nonemergent intervention.’’ The goal of the emergency evalua-
tion is to distinguish noncardiac causes of chest pain from STE ACS and ACS with
no STE (NSTE ACS). The American Heart Association has also established a broader
definition (Box 1) for diagnosing myocardial infarction (MI).2

EVALUATION
History and Physical Examination

Acute onset chest pain or discomfort is the most common symptom reported by men
and women who are ultimately diagnosed with ACS.® Referred pain in the shoulders,
arms, jaw, neck, and upper abdomen should be considered anginal or chest pain
equivalents. Acute chest pain is best defined as a noxious sensation that is either
new in onset, or, for those with episodic symptoms, involves a change in the char-
acter, intensity, or duration of symptoms. Provoking events such as exertion and
emotional stress are important to distinguish, especially among patients with
episodic symptoms. The probability of myocardial ischemia is higher with specific
features in location (central or retrosternal), quality (pressure, squeezing, gripping,
heaviness, tightness), provoking factors (emotional stress and physical exertion),
and relieving factors (rest, nitroglycerin). Anginal symptoms such as retrosternal
pain, discomfort, or heaviness that occur at rest or with minimal exertion are strongly
suggestive of ACS. ACS is less likely when symptoms increase or diminish with po-
sition, occur with inspiration (pleuritic), shift in location, or, are described as fleeting,
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Box 3
Differential diagnoses of chest pain

Cardiac

Noncardiac

]

o O O ©o

o]

e Ischemic

ACS

Aortic Stenosis
Chronic stable angina
Coronary vasospasm
Hypertrophic
cardiomyopathy
Unstable angina

o

o

o

o

e Nonischemic

Aortic dissection
Mitral valve
prolapse
Myocarditis
Pericardial
tamponade
Pericarditis

e Dermatologic

[e]

Herpes zoster/postherpetic
neuralgia

e Chest wall

L]

L]

]
o]
o]
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Costochondritis
Radicular pain

Rib pain

Nonspecific
musculoskeletal pain
Tietze syndrome

Gastrointestinal

o]

[e]

0 O O O O O

Biliary colic

Boerhaave syndrome
(esophageal rupture)
Cholecystitis

Esophageal spasm
Gastroesophageal reflux disease
Peptic ulcer disease

Pancreatitis

Motility disorder

Pulmonary

o]

o
o]
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Pleuritis

Pneumonia

Pulmonary embolism
Tension pneumothorax

Psychiatric

o]

[e]
o
o]

Anxiety

Depression

Panic disorder
Somatoform disorders

Other

o

o]
o
o]

Acute chest syndrome
Diabetic mononeuritis
Tabes dorsalis
Complex regional
pain syndrome (CRPS)

Data from Coté AP, Hodes JL, Voccia R. Low-Risk Chest Pain. Physician Assistant Clinics.
2017;2(3):537-556; and Yamasaki T, Fass R. Noncardiac chest pain: diagnosis and management.
Curr Opin Gastroenterol. 2017;33(4):293-300; and Khan U, Robbins MS. Neurological Causes of
Chest Pain. Curr Pain Headache Rep. 2021;25(5):32.

sharp, tearing, ripping, and burning. Associated symptoms such as shortness of
breath, nausea, nonspecific abdominal pain, radiating discomfort, numbness, light-
headedness, near or frank syncope, are more frequently described by women, pa-
tients aged older than 75 years, and those with diabetes. In addition to presenting
symptoms, providers should consider risk factors for CHD (Box 2) from the past
medical history, family, and social history.*° The presence or absence of symptoms
and risk factors are not sufficient to diagnose or exclude ACS.
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Acute Coronary Syndrome
Diaphoresis, tachypnea, tachycardia,

hypotension, crackles, S3, mitral Esophageal rupture

regurgitation \ Emesis, subcutaneous emphysema,
unilaterally decreased or absent breath

Pneumothorax / sounds

Unilaterally absent breath
sounds Costochondritis

Tenderness of costochondral joints

Aortic Dissection

Extremity pulse deficits, Pericarditis
syncope, aortic regurgitation Fever, friction rub, pleuritic chest pain
increased in supine position
Pneumonia s 1 1
Dyspepsia/Gastr phageal Reflux
: |

Fever, rales, dullness to . .
! Epigastric tenderness
percussion, egophony

Pulmonary Embolism

Signs of deep venous thrombosis,
tachycardia, dyspnea, pleuritic
chest pain

Biliary Colic and Obstruction
Right upper quadrant tenderness,
Murphy sign

Fig. 1. Distinguishing features of conditions causing chest pain. From Abrahams PH, Spratt
JD, Loukas M, Van Schoor AN. Thorax. In: Abrahams’ and McMinn’s Clinical Atlas of Human
Anatomy, 8th edition. Elsevier; 2019; with permission.

Box 4
Ischemic patterns on electrocardiogram

Q waves e Inleads V2-V3>0.02 s or QS complex (negative deflection of QRS complex)

e >0.03sand >1 mm deep or QS complex in leads |, II, aVL, aVF or V4-V6 in
any 2 leads of a contiguous lead grouping (I, avL; V1-V6; I, Ill, aVF)
ST depression e >0.5 mm in 2 contiguous leads, typically horizontal or downsloping
ST elevation e >1 mm in all leads other than V2-V3

In leads V2-V3:

o >2mmin men >40y

o >2.5mmin men <40y

o >1.5 mm in women regardless of age

e LVH may show deep S waves and ST segment elevation with a concave
morphology, a convex morphology is more suggestive of concomitant
ischemia

Terminal QRS distortion is the absence of S-wave preceding ST segment
elevation (see Fig. 2)
T wave inversion e >1 mm in 2 contiguous leads with prominent R wave or R/s ratio >1

Hyperacute T waves (Fig. 3)

Abbreviation: LVH, left ventricular hypertrophy.

Data from Thygesen K, Alpert JS, Jaffe AS, et al. Fourth Universal Definition of Myocardial
Infarction (2018). Circulation. 2018;138(20):e618-e651; and Birnbaum Y, Bayés de Luna A, Fiol
M, et al. Common pitfalls in the interpretation of electrocardiograms from patients with acute
coronary syndromes with narrow QRS: a consensus report. J Electrocardiol. 2012;45(5):463-475;
and Pendell Meyers H, Bracey A, Lee D, et al. Accuracy of OMI ECG findings versus STEMI criteria
for diagnosis of acute coronary occlusion myocardial infarction. Int J Cardiol Heart Vasc.
2021;Apr 12;33:100767.
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Fig. 2. Patternsin ACO. (From: Pendell Meyers H, Bracey A, Lee D, et al. Accuracy of OMI ECG

findings versus STEMI criteria for diagnosis of acute coronary occlusion myocardial infarc-
tion. Int J Cardiol Heart Vasc. 2021;Apr 12;33:100767; with permission.)

ACS can be difficult to distinguish from the broad differential diagnoses associated
with chest pain (Box 3).">~'* The most common cause of recurrent or episodic chest
pain is gastroesophageal reflux disease.'® Physical examination abnormalities are
often not specific to ACS, but can help distinguish alternative causes of chest pain
(Fig. 1).76-18

DIAGNOSIS

Diagnostic testing in the workup of chest pain includes ECG, serology, and imaging.
The initial evaluation for ACS includes ECG and troponin testing.

Electrocardiography

Electrocardiography provides a timely evaluation of the heart’s electrical conduction
and should be compared with previous ECGs, when available. As myocardial ischemia
progresses, a host of proposed cellular effects (Adenosine triphosphate depletion, po-
tassium leaking, late depolarization, faster repolarization) lead to characteristic
changes on ECG (Box 4, Fig. 2)."° Ischemic changes in anatomically contiguous leads
and supplemental leads can localize culprit artery occlusion (Fig. 4 , Tables 2 and
3).12:20-23 | eft bundle branch blocks, left ventricular hypertrophy, and ventricular pac-
ing can obscure typical findings of ischemia. The initial ECG is normal in more than
30% of patients ultimately diagnosed with NSTE ACS.° For patients with persistent
symptoms and a nondiagnostic ECG, serial ECGs are recommended until more evi-
dence is available to rule out myocardial ischemia.
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Atypical patterns of STE-ACS {STEMI)

Pattern A: SE LR x‘V.;“
Equivalont - ' .

Pattern B:

Ditfocent

pattems of

eevolving STEMI B)

Fig. 3. Other patterns in ACO. Pattern A: ST depression (a mirror pattern of the ST elevation
in leads facing the ischemic zone) in left circumflex and right coronary artery occlusion.
Pattern B: Three patterns of positive peaked and symmetric T waves as a first sign of
ischemia. B1: Transient peaked T waves followed by ST elevation a few minutes later. B2
and B3: Examples of persistent tall positive T waves (B3 with ST depression) lasting several
hours, before complete occlusion and transmural involvement evolving to Q wave MI.
Pattern C: Deep negative T waves (symptoms of ACO resolve), followed by pseudonormali-
zation of the T wave (new occlusion or vasospasm), and then ST elevation evolves. (From:
Birnbaum Y, Bayés de Luna A, Fiol M, et al. Common pitfalls in the interpretation of electro-
cardiograms from patients with acute coronary syndromes with narrow QRS: a consensus
report. J Electrocardiol. 2012;45(5):463-475; with permission.)
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Fig. 4. ECG in left circumflex artery occlusion. ST depression in many precordial leads is seen
(V1-V5) without a final positive T wave, and with ST elevation in Il, ll, aVF, and V 7 to V9.
(From Birnbaum Y, Bayés de Luna A, Fiol M, et al. Common pitfalls in the interpretation
of electrocardiograms from patients with acute coronary syndromes with narrow QRS: a
consensus report. J Electrocardiol. 2012;45(5):463-475; with permission.)

Cardiac Enzyme Testing

There are 3 types of cardiac troponin: troponin T, troponin |, and troponin C. Troponin
T and | are specific to cardiac tissue, whereas troponin C can be found in both cardiac
and skeletal tissues. Compared with creatinine kinase (CK), myoglobin, and CK
myocardial band, troponins are detectable earlier, remain elevated for a longer dura-
tion, and are more sensitive and specific (Fig. 5). Higher baseline troponins are ex-
pected in patients who are male, aged greater than 60 years, and those with
chronic kidney disease. Troponin values greater than 5 times the upper limit of normal
are associated with poor outcomes. High-sensitivity troponin (hs-cTn) has greater
sensitivity and negative predictive values for myocardial injury, with a shorter interval
of detection from the onset of chest pain. Recommendations for initial and serial
testing vary based on troponin assay selection.®°

Bedside Cardiac Ultrasonography

Focused cardiac ultrasonography by an experienced provider offers insight into car-
diac function as well as volume status. Focal wall motion abnormalities such as
hypokinesis correspond to occlusive lesions (Fig. 6).24 Ultrasound may also identify

Table 2

Culprit artery occlusion and ischemic patterns on electrocardiogram

Location of ECG Leads Most Likely Culprit Artery
Mi to Show Changes Occlusion
Inferior I, 1l, avF RCA

Posterior ST depression in V1, V2 Circumflex, RCA
Anteroseptal V1,V2 LAD
Anterolateral V3,v4 LAD

Lateral 1, avL, V5, V6 Circumflex

Abbreviations: ECG, electrocardiogram; LAD, left anterior descending; MI, myocardial infarction;
RCA, right coronary artery.

From Coté AP, Hodes JL, Voccia R. Low-Risk Chest Pain. Physician Assistant Clinics. 2017;2(3):537-
556; with permission.
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Table 3
Patterns of ischemia on supplemental leads

Standard 12 Lead ECG

Location of Ml Changes Supplemental Leads

Left circumflex artery (see V1-V3 (ST-segment V7, V8, and V9 (ST-segment
Fig. 4) depression >0.5 mm) elevation >0.5 mm)

Inferior and right aVR or V1 (ST-segment V3R and V4R (ST-segment
ventricular elevation >1 mm) elevation >0.5 mm, or

>1 mm for men <30y)

Abbreviation: MI, myocardial ischemia.

Data from Wong CK, White HD. Patients with circumflex occlusions miss out on reperfusion: how
to recognize and manage them. Curr Opin Cardiol. 2012;27(4):327-330; and Lopez-Sendon J, Coma-
Canella |, Alcasena S, Seoane J, Gamallo C. Electrocardiographic findings in acute right ventricular
infarction: sensitivity and specificity of electrocardiographic alterations in right precordial leads
V4R, V3R, V1, V2, and V3. J Am Coll Cardiol. 1985;6(6):1273-1279.

alternate conditions or complications of cardiac conditions, including pericardial
effusion (pericarditis), aortic dissection, or right ventricular dilation (pulmonary
embolism).

Additional Tests

Serologic tests are commonly used to investigate noncardiac causes in the differen-
tial, or, causes of nonocclusive myocardial ischemia (eg, hyperkalemia, sepsis, ane-
mia). X-ray and computed tomography are used to identify or exclude other
conditions that cause chest pain, ischemic ECG patterns, or elevated troponin (eg,
pulmonary embolism, aortic dissection, stroke).*°

Advanced Cardiac Tests

More advanced cardiac testing should be guided by individual patient risk for ACS and
the probability of results that would otherwise change management. For low-risk

Myoglobin and
CK isoforms

Troponin
(large MI)

Z
S 20 4
@
S
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o
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=
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’ \ S Sy (i st 10% CV/99th percentile
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Time after onset of AMI (d)

Fig. 5. Timing of release of various biomarkers after acute myocardial infarction. AMI, acute
myocardial infarction; CV, coefficient of variation; ULN, upper limit of normal. (From Ander-
son JL, Adams CD, Antman EM, et al. ACC/AHA 2007 guidelines for the management of pa-
tients with unstable angina/non-ST-Elevation myocardial infarction. J Am Coll Cardiol
2007;50(7):e26; with permission.)
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Fig. 6. Typical coronary artery distribution of blood flow in apical and parasternal short-axis
views. (A) The Left ventricle segments. (B) The approximate and most common coronary
arterial distributions related to these segments. Cx, circumflex; LAD, left anterior descending
coronary artery; RCA, right coronary artery. (From Lang RM, Badano LP, Mor-Avi V, et al. Rec-
ommendations for cardiac chamber quantification by echocardiography in adults: an up-
date from the American Society of Echocardiography and the European Association of
Cardiovascular Imaging. J/ Am Soc Echocardiogr. 2015;28:1-39.e14; with permission.)

patients, there are suggested warranty periods of 2 years for a nhormal anatomic test
(normal coronary angiogram, or coronary computed tomography angiogram [CCTA]
with no stenosis or plaque), and 1 year for a normal stress test. Provided that previous
cardiac testing was sufficiently performed (adequate imaging quality and exercise or
pharmacologic stress) within the warranty period, there is limited value in repeat
testing for a low-risk patient with a reassuring ECG and negative cardiac biomarkers.>
Advanced cardiac testing is indicated for patients with higher than low risk or when
there is a clinical concern for unstable CAD (Figs. 7 and 8).> CCTA is recommended
for patients with known nonobstructive CAD (<50% stenosis) or an inconclusive or
mildly abnormal stress test within the past year. Stress testing is recommended for
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Fig. 7. Evaluation algorithm for patients with suspected ACS at intermediate risk with no
known CAD. Test choice should be guided by local availability and expertise. ?Recent nega-
tive test: normal CCTA 2 years or less (no plaque/no stenosis) OR negative stress test 1 year or
less, given adequate stress. PHigh-risk CAD means left main stenosis 50% or greater;
anatomically significant 3-vessel disease (>70% stenosis). “For FFR-CT, turnaround times
may affect prompt clinical care decisions. However, the use of FFR-CT does not require addi-
tional testing, as would be the case when adding stress testing. CAD, coronary artery dis-
ease; CCTA, coronary CT angiography; CMR, cardiovascular magnetic resonance imaging;
CT, computed tomography; FFR-CT, fractional flow reserve with CT; GDMT, guideline-
directed medical therapy; ICA, invasive coronary angiography; INOCA, ischemia and no
obstructive coronary artery disease; PET, positron emission tomography; SPECT, single-
photon emission CT. (From Gulati M, Levy PD, Mukherjee D, et al. 2021 AHA/ACC/ASE/
CHEST/SAEM/SCCT/SCMR Guideline for the Evaluation and Diagnosis of Chest Pain: A Report
of the American College of Cardiology/American Heart Association Joint Committee on Clin-
ical Practice Guidelines. Circulation. 2021;144(22):e368-e454; with permission.)

patients with obstructive CAD (>50%) or who are at intermediate risk without previous
anatomic testing. Appropriate test selection should also consider contraindications
such as exercise intolerance, hypertension or hypotension, concurrent medications,
and acute illness (pulmonary embolism, aortic dissection, myocarditis, pericarditis).®

MANAGEMENT

Clinical decision pathways (CDPs; Table 4) incorporate clinical data to determine the
risk of MACE or probability of ACS requiring emergent intervention.®2°-2° In addition
to risk stratification, CDPs reduce undertesting and overtesting in the ED.2 The defini-
tion of MACE varies within studies, although most included index visit myocardial
infarction or revascularization, or death. Other study specific variations include timing
of troponin testing relative to symptom onset and CHD/CAD risk factors among the
studied population. CDPs applicability may be limited by institutional variations in
troponin assays and assay-specific cut-off levels. When there is diagnostic uncer-
tainty or intermediate to high risk, cardiology consultation is essential for decisions
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Fig. 8. Evaluation algorithm for patients with suspected ACS at intermediate risk with
known CAD. Test choice should be guided by local availability and expertise. 2Known
CAD is prior MI, revascularization, known obstructive or nonobstructive CAD on invasive
or CCTA. °If extensive plaque is present a high-quality CCTA is unlikely to be achieved,
and stress testing is preferred. “Obstructive CAD includes prior coronary artery bypass
graft/PCl. “High-risk CAD means left main stenosis 50% or greater; anatomically significant
3-vessel disease (>70% stenosis). |[FFR-CT turnaround times may affect prompt clinical care
decisions. ACS, acute coronary syndrome; CAD, coronary artery disease; CCTA, coronary CT
angiography; CMR, cardiovascular magnetic resonance; CT, computed tomography; FFR-
CT, fractional flow reserve with CT; GDMT, guideline-directed medical therapy; ICA, invasive
coronary angiography; INOCA, ischemia and no obstructive coronary artery disease; PET,
positron emission tomography; SPECT, single-photon emission CT. (From Gulati M, Levy
PD, Mukherjee D, et al. 2021 AHA/ACC/ASE/CHEST/SAEM/SCCT/SCMR Guideline for the Eval-
uation and Diagnosis of Chest Pain: A Report of the American College of Cardiology/Amer-
ican Heart Association Joint Committee on Clinical Practice Guidelines. Circulation.
2021;144(22):e368-e454; with permission.)

regarding advanced cardiac testing or intervention. Risk stratification for ACS or
MACE does not exclude the presence of CAD.

Score-based risk stratification may lead to more unnecessary admissions or cardiac
testing in select circumstances. That is, the risk of MACE is very low among patients
with an undetectable hs-cTn, and patients with a reassuring ECG and biomarkers if
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Table 4
Clinical decision pathways

HEART e History, ECG (1 point for LBB, new or unchanged repolarization disorders,
2 points for ST segment deviation), Age, risk factors, troponin (0, 3 h)
Low risk: Score <3, initial and serial cTn/hs-cTn < assay 99th percentile

EDACS

History, Age, risk factors, sex, troponin (0, 2 h)
e Low risk: Score <16; initial and serial cTn/hs-cTn < assay 99th percentile; No
ischemic ECG changes

TIMI e Age, >3 risk factors, Known CAD (stenosis > 50%), ASA use in last 7 days,
>2 episodes of severe angina in 24 h, ECG ST changes >0.5 mm, positive
cardiac biomarker

Score of <1 = 5% risk of all cause mortality, new or recurrent Ml, need for
urgent revascularization at 14 d

ADAPT

TIMI score, ECG, Troponin
e Low risk: TIMI score 0; initial and serial cTn/hs-cTn < assay 99th percentile;
No ischemic ECG changes (ST-segment depression >0.05 mV in >2
contiguous leads, including reciprocal changes; T-wave inversion >0.1 mV;
Q waves >30 ms wide and >0.1 mV deep in >2 contiguous leads)
2020 ESC/hs-cTn e History, ECG, hs-cTn (0, 1 or 2 h)
e Low risk: Initial hs-cTn very low and CP onset >3 h before testing, or, initial
hs-cTn low and 1-h or 2-h hs-cTn A is low?
2016 ESC/GRACE® e Age, HR, SBP, serum Cr, cardiac arrest, ECG, cardiac biomarker, Killip class
o Low risk: CP resolved; GRACE score <140; hs-cTn < ULN 0, 3 h with CP <6 h,
or, 1 negative test with CP >6 h

Abbreviations: ACS, acute coronary syndrome; ADAPT, accelerated diagnostic protocol to assess
chest pain using troponins; AMI, acute myocardial infarction; ASA, aspirin; CP, chest pain or equiv-
alent; Cr, creatinine; cTn, cardiac troponin; ECG, electrocardiogram; ED, emergency department;
EDACS, emergency department ACS; ESC, European Society of Cardiology; GRACE, global registry
of acute coronary events; h, hour; HEART, history, ECG, age, risk factors, troponin; HR, heart rate;
hs, high-sensitivity; MACE, major adverse cardiovascular events; neg, negative; SBP, systolic blood
pressure; TIMI, Thrombolysis in myocardial infarction; ULN, upper limit of normal.

? The terms very low, low, and A refer to hs-cTn assay-specific thresholds in the ESC guideline.

P 30-d MACE sensitivity not studied.

Data from Gulati M, Levy PD, Mukherjee D, et al. 2021 AHA/ACC/ASE/CHEST/SAEM/SCCT/SCMR
Guideline for the Evaluation and Diagnosis of Chest Pain: A Report of the American College of Car-
diology/American Heart Association Joint Committee on Clinical Practice Guidelines. Circulation.
2021;144(22):e368-e454; and Mabhler SA, Riley RF, Hiestand BC, et al. The HEART Pathway random-
ized trial: identifying emergency department patients with acute chest pain for early discharge.
Circ Cardiovasc Qual Outcomes. 2015;8(2):195-203; and Than M, Flaws D, Sanders S, et al. Develop-
ment and validation of the Emergency Department Assessment of Chest pain Score and 2 h accel-
erated diagnostic protocol. Emerg Med Australas. 2014;26(1):34-44; and Chase M, Robey JL, Zogby
KE, Sease KL, Shofer FS, Hollander JE. Prospective validation of the Thrombolysis in Myocardial
Infarction Risk Score in the emergency department chest pain population. Ann Emerg Med.
2006;48(3):252-259; and Than M, Cullen L, Aldous S, et al. 2-Hour accelerated diagnostic protocol
to assess patients with chest pain symptoms using contemporary troponins as the only biomarker:
the ADAPT trial. J Am Coll Cardiol. 2012;59(23):2091-2098; and Collet JP, Thiele H, Barbato E, et al.
2020 ESC Guidelines for the management of acute coronary syndromes in patients presenting
without persistent ST-segment elevation. Eur Heart J. 2021;42(14):1289-1367; and Roffi M, Patrono
C, Collet JP, et al. 2015 ESC Guidelines for the Management of Acute Coronary Syndromes in Pa-
tients Presenting Without Persistent ST-segment Elevation. Rev Esp Cardiol (Engl Ed).
2015;68(12):1125.

they have had a negative CCTA (<50% stenosis), ECG stress test, stress echocardi-
ography, or stress myocardial perfusion scan in the past 12 months.>%3! Patients
who are at low risk for ACS or MACE can be safely discharged from the ED with appro-
priate follow-up.

Downloaded for John Ramos (john.ramos@duke.edu) at Duke University from ClinicalKey.com by Elsevier on August 25,

2023. For personal use only. No other uses without permission. Copyright ©2023. Elsevier Inc. All rights reserved.

13



14

Ramos & Wolek

SUMMARY

Between 2010 and 2016, there were more than 40 million ED visits for chest pain.1
ACS has a high burden of morbidity and mortality, but is less frequently diagnosed
than other emergent or noncardiac conditions.?® Troponin and ECG are the best initial
tests for ACS, and serial testing is sometimes indicated. In the absence of ACO or
NSTE-ACS, risk stratification is used to determine a safe disposition for patients.
CDPs risk stratify patients and guide judicious use of resources. Patients who are at
low risk for ACS or MACE can be safely discharged from the emergency department
with appropriate and timely follow-up (eg, primary care, cardiology). Patients at higher
than low risk generally warrant cardiology consultation to select advanced cardiac
tests and determine a safe disposition.

CLINICS CARE POINTS

¢ Among patients presenting to Emergency Departments with chest pain, 5.1% are diagnosed
with ACS.

e Acute coronary syndrome is a spectrum of symptomatic CHD.
e Acute coronary artery occlusion is best managed with emergent reperfusion.

CDPs incorporating history, risk factors, ECG, and cardiac troponin are used to risk stratify
patients without an indication for emergent reperfusion.

Patients at low risk can be safely managed in the outpatient setting.

Patients at intermediate risk may warrant cardiology consultation if they have previously
abnormal cardiac tests or if there is diagnostic uncertainty.
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