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EPIDEMIOLOGY

Ischemic heart disease is the leading cause of death among adults in the United States, with more than
405,000 people dying annually. Atherosclerotic disease of the epicardial coronary arteries—termed
coronary artery disease (CAD)—accounts for the vast majority of patients with ischemic heart disease. The
predominant symptom of CAD is chest pain, and patient concern over potential acute heart disease
contributes to the >8 million visits each year to U.S. EDs. In a typical adult ED population with acute chest
pain, about 15% of patients will have an acute coronary syndrome (ACS). ACS encompasses unstable
angina through acute myocardial infarction (AMI). Of patients with an ACS, approximately one third have an
AMI, and the remainder have unstable angina.

The three principal presentations of unstable angina are listed in Table 49-1.1 These definitions assume
that the anginal chest pain is due to ischemia, and this categorization does not apply to patients presenting
to the ED with chest pain from other causes. During the initial ED assessment, it may not be possible to
determine whether the patient has or will sustain permanent damage to the myocardium, has reversible
ischemia (injury or unstable angina), or has a noncardiac cause of symptoms.
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*Patients with non-ST-elevated myocardial infarction usually present with angina at rest.

Table 49–1

Three Principal Presentations of Unstable Angina

Class Presentation

Rest

angina*

Angina occurring at rest and that is prolonged, usually >20 min

New-

onset

angina

New-onset angina that markedly limits ordinary physical activity, such as walking 1–2 blocks or

climbing 1 flight of stairs or performing lighter activity

Increasing

angina

Previously diagnosed angina that has become distinctly more frequent, has a longer duration,

or is lower in threshold, limiting ability to walk 1–2 blocks or climb 1 flight of stairs or perform

lighter activity

The American College of Cardiology and American Heart Association have a tool for estimating the short-

term risk for death or AMI in patients with unstable angina (Table 49-2).1
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Table 49–2

Short-Term Risk of Death or Nonfatal Myocardial Infarction by Risk Stratification in Patients with Unstable
Angina

Feature

High Likelihood
(at least one of the
following features
must be present)

Intermediate Likelihood (no high-risk
feature, but must have one of the
following)

Low Likelihood (no
high- or intermediate-
risk feature, but may
have any of the
following)

History Accelerating tempo

of ischemic

symptoms in

preceding 48 h

Prior myocardial infarction, peripheral or

cerebrovascular disease, or coronary

artery bypass grafting; prior aspirin use

Character

of the

pain

Prolonged, ongoing

(>20 min) rest pain

Prolonged (>20 min) rest angina, now

resolved, with moderate or high likelihood

of CAD

Rest angina (>20 min) or relieved with rest

or sublingual nitroglycerin

Nocturnal angina

New-onset or progressive angina in the

past 2 wk without prolonged (>20 min) rest

pain but with intermediate or high

likelihood of CAD (see Table 49-3)

Increased angina

frequency, severity, or

duration

Angina provoked at a

lower threshold

New-onset angina with

onset 2 wk to 2 mo

before presentation

Clinical

findings

Pulmonary edema,

most likely due to

ischemia

New or worsening

mitral regurgitation

murmur

S3 or

new/worsening

rales

Hypotension,

bradycardia,

tachycardia

Age >75 y old

Age >70 y old Chest discomfort

reproduced by palpation
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Abbreviations: CAD = coronary artery disease; TnI = troponin I; TnT = troponin T.

Feature

High Likelihood
(at least one of the
following features
must be present)

Intermediate Likelihood (no high-risk
feature, but must have one of the
following)

Low Likelihood (no
high- or intermediate-
risk feature, but may
have any of the
following)

ECG Angina at rest with

transient ST-

segment changes

>0.5 mm

Bundle-branch

block, new or

presumed new

Sustained

ventricular

tachycardia

T-wave changes, pathologic Q waves, or

resting ST depression <1 mm in multiple

lead groups (anterior, inferior, lateral)

Normal or unchanged

ECG

Cardiac

markers

Elevated cardiac

TnT, TnI (e.g., TnT

or TnI >0.1

nanogram/mL)

Slightly elevated cardiac TnT, TnI (e.g.,

TnT >0.01 but <0.1 nanogram/mL)

Normal
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Note: Estimation of the likelihood of significant coronary artery disease is a complex, multivariable problem that

cannot be fully specified in a table such as this. Therefore, the table is meant to illustrate major relationships rather

than offer rigid algorithms.

Table 49–3

Likelihood That Signs and Symptoms Represent Acute Coronary Syndrome Secondary to Coronary Artery
Disease

Feature
High Likelihood (any of the
following)

Intermediate Likelihood
(absence of high-
likelihood features and
presence of any of the
following)

Low Likelihood (absence
of high- or intermediate-
likelihood features but
may have the following)

History Chest or left arm pain or

discomfort as chief symptom

reproducing prior documented

angina

Known history of coronary

artery disease, including

myocardial infarction

Chest or left arm pain or

discomfort as chief

symptom

Age >70 y old

Male sex

Diabetes mellitus

Probable ischemic

symptoms in absence of

any of the intermediate-

likelihood characteristics

Recent cocaine use

Examination Transient mitral regurgitation

murmur, hypotension,

diaphoresis, pulmonary

edema, or rales

Extracardiac vascular

disease

Chest discomfort

reproduced by palpation

ECG New, or presumably new,

transient ST-segment

deviation (≥1 mm) or T-wave

inversion in multiple precordial

leads

Fixed Q waves

ST depression 0.5–1.0 mm

or T-wave inversion >1 mm

T-wave flattening or

inversion <1 mm in leads

with dominant R waves

Normal ECG

Cardiac

markers

Elevated cardiac troponin I,

troponin T, or MB fraction of

creatine kinase

Normal Normal

ANATOMY

The left coronary artery divides into the left circumflex and the left anterior descending branches (Figure
49-1). The left anterior descending branch courses down the anterior aspect of the heart providing the mainLoading [Contrib]/a11y/accessibility-menu.js



blood supply to the anterior and septal regions of the heart. The circumflex branch supplies blood to some
of the anterior wall and a large portion of the lateral wall of the heart. The right coronary artery supplies the
right side of the heart and provides some perfusion to the inferior aspect of the left ventricle through its
continuation as the right posterior descending artery.

Figure 49–1.

Schematic diagram of the coronary arteries.

The atrioventricular conduction system receives blood supply from the atrioventricular branch of the right
coronary artery and the septal perforating branch of the left anterior descending coronary artery. Similarly,
the right bundle branch and the posterior division of the left bundle branch each obtain blood flow from both
the left anterior descending and right coronary arteries. The posteromedial papillary muscle receives blood
supply from one coronary artery, usually the right coronary artery.

PATHOPHYSIOLOGY

Ischemia occurs when there is an imbalance between oxygen (O2) demand and O2 supply. O2 supply is

influenced by the O2-carrying capacity of the blood and the coronary artery blood flow. The O2-carrying

capacity of the blood is determined by the amount of hemoglobin present and O2 saturation. Coronary

artery blood flow is determined by the duration of diastolic relaxation of the heart and peripheral vascular
resistance. Humoral, neural, metabolic, and extravascular compressive forces and local autoregulation
mechanisms determine the coronary vascular resistance.
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Exercise-induced myocardial ischemia and its sequelae usually occur as a result of fixed atherosclerotic
lesions. ACS may be caused by secondary reduction in myocardial blood flow due to coronary arterial
spasm, disruption or erosion of atherosclerotic plaques, and platelet aggregation or thrombus formation at
the site of an atherosclerotic lesion. Secondary causes of myocardial ischemia are less common and
prompted by factors extrinsic to the coronary arteries such as increased myocardial O2 demand (i.e., fever,

tachycardia, thyrotoxicosis), reduced blood flow (i.e., hypotension), or reduced O2 delivery (i.e., anemia,

hypoxemia). In the event of a secondary cause, global ischemia may occur widely or focally.

Atherosclerotic plaque forms through repetitive injury to the vessel wall. Macrophages and smooth muscle
cells are the main cellular elements in plaque development, whereas lipids are predominant in the
extracellular milieu. Plaque fissuring and rupture are affected by features inherent to the plaque, such as its
composition and shape; local factors, such as shear forces, coronary arterial tone, and coronary arterial
perfusion pressure; and movements of the artery in response to myocardial contractions. When plaque
rupture occurs, potent thrombogenic substances activate circulating platelets.

The platelet response involves adhesion, activation, and aggregation. Platelet adhesion occurs through the
weak platelet interactions with subendothelial adhesion molecules, such as collagen, fibronectin, and
laminin, and the binding of the glycoprotein IIb receptor to the subendothelial form of von Willebrand factor.
Adherent platelets are strongly thrombogenic. Lipid-laden macrophages in the plaque core and adventitia of
the vessel wall release tissue factor, which stimulates the conversion of prothrombin to thrombin. Thrombin
and the local shear forces are also potent platelet activators. Platelet secretion of adenosine diphosphate,
thromboxane A2, and serotonin are autostimulatory agonists of platelet activation. Activated platelet

glycoprotein IIb/IIIa receptors become cross-linked by fibrinogen or von Willebrand factor in the final
common pathway of platelet aggregation.

The extent of O2 deprivation and the clinical presentation of ACS depend on the limitation of O2 delivery

imposed by thrombus adhering to a plaque. In stable angina, ischemia occurs only when activity induces
O2 demands beyond the supply restrictions imposed by a partially occluded coronary vessel. Ischemia

occurs at a relatively fixed point and changes slowly over time. In this scenario, the atherosclerotic plaque
has not ruptured, and there is little or no superimposed thrombus. In ACS, atherosclerotic plaque rupture
and platelet-rich thrombus develop. Coronary blood flow is reduced suddenly, and myocardial ischemia
occurs. The degree and duration of the O2 supply–demand mismatch determines whether the patient

develops reversible myocardial ischemia without necrosis (unstable angina) or myocardial ischemia with
necrosis (AMI). More severe and prolonged obstruction increases the likelihood of infarction.

AMI may inhibit myocardial contractility and impair both central and peripheral perfusion. When an area of
the myocardium does not receive adequate O2, the functional deterioration progresses; as the size of the

infarcted myocardium increases, left ventricular pump function decreases. This creates increased left
ventricular end-diastolic pressure and end-systolic volume. Cardiac output, stroke volume, and blood
pressure may decrease. When left atrial and pulmonary capillary pressures increase, heart failure or
pulmonary edema may develop. Poor perfusion to the brain and kidneys can result in altered mental status
and impaired renal function, respectively.Loading [Contrib]/a11y/accessibility-menu.js
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CLINICAL FEATURES
HISTORY AND ASSOCIATED SYMPTOMS

The main symptom of ischemic heart disease is chest discomfort or pain, and the history should
characterize its severity, location, radiation, duration, and quality. In addition, the presence of associated
symptoms such as nausea, vomiting, diaphoresis, dyspnea, light-headedness, syncope, and palpitations
may help detect myocardial ischemia (see Tables 48–1 and 48–2 in chapter 48 “Chest Pain”). Obtain
information regarding the onset and duration of symptoms, activities that precipitate symptoms, and prior
evaluations for similar symptoms to assess the possibility of acute myocardial ischemia.

Symptoms of acute myocardial ischemia often will be described as discomfort rather than pain; look for
descriptions of chest pressure, heaviness, tightness, fullness, or squeezing. Less commonly, patients will
describe their symptoms as knife-like, sharp, or stabbing. The classic pain or discomfort location is
substernal or in the left chest, with radiation to the arm (either), neck, or jaw. Reproducible chest wall
tenderness is noted in some.

Exercise, stress, and a cold environment classically precipitate angina. Angina typically has a duration of
symptoms of <10 minutes, occasionally lasting up to 10 to 20 minutes, and usually improves within 2 to 5
minutes after rest or nitroglycerin. In contrast, acute myocardial ischemia is usually accompanied by more
prolonged and severe chest discomfort, more prominent associated symptoms (e.g., nausea, diaphoresis,
shortness of breath), and little response to initial sublingual nitroglycerin. Easy fatigability may be a

prominent symptom of ACS, especially in women.2

Ask about the frequency of anginal episodes and any change in frequency of episodes over the past
months. Determine if there is any increase in severity or duration of symptoms, or whether less effort is
required to precipitate symptoms.

Advanced age, female gender, and a history of diabetes mellitus are associated with more
nonclassic ACS presentations. Presentations with nonclassic features or silent myocardial ischemia are

common; for example, as many as 37.5% of women and 27.4% of men present without chest pain.3 Up to
30% of patients with acute myocardial ischemia identified in large longitudinal studies are clinically
unrecognized, often not seeking medical care or not recalling any symptoms. The prognosis for patients
with nonclassic symptoms (e.g., fatigue, weakness, not feeling well, vague discomfort) at the time of
infarction is worse than that of patients with more classic symptoms. Women and the elderly are more likely
to have presentations that differ from classic ones in the younger patients; across all age groups, those with
unstable angina have nonclassic features nearly half the time. This is why the term atypical chest pain is
misleading, because nonclassic presentations are common despite being often called atypical.

Cardiac risk factors are poor predictors of risk for AMI or other ACSs.4 Traditional cardiac risk factors
for CAD, such as hypertension, diabetes mellitus, tobacco use, family history at an early age, and

hypercholesterolemia, are not helpful to predict ACS in ED patients >40 years old.4 The cardiac risk factors
predict risk of CAD over time, not likelihood of presence at one moment.Loading [Contrib]/a11y/accessibility-menu.js
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PHYSICAL EXAMINATION

Patients with ACS may appear well, without any clinical signs of distress, or may be uncomfortable, pale,
cyanotic, or in respiratory distress. The pulse rate may be normal or display bradycardia, tachycardia, or
irregular pulses. Bradycardic rhythms are more common with inferior wall myocardial ischemia; in the
setting of an acute anterior wall infarction, bradycardia or new heart block is a poor prognostic sign. Blood
pressure can be normal, elevated (due to baseline hypertension, sympathetic stimulation, and anxiety), or
decreased (due to pump failure or inadequate preload), although extremes of blood pressure are
associated with a worse prognosis.

An S3 is present in 15% to 20% of patients with AMI; if detected, an S3 may indicate a failing myocardium.

The presence of a new systolic murmur is an ominous sign, because it may signify papillary muscle
dysfunction, a flail leaflet of the mitral valve with resultant mitral regurgitation, or a ventricular
septal defect.

The presence of rales, with or without an S3 gallop, indicates left ventricular dysfunction and left-sided heart

failure. Jugular venous distention, hepatojugular reflex, and peripheral edema suggest right-sided heart
failure.

DIAGNOSIS

The diagnosis of ST-segment elevation myocardial infarction (STEMI) depends on the ECG in the setting of
symptoms suggestive of myocardial infarction. The diagnosis of non-ST-segment elevation myocardial
infarction (NSTEMI) depends on abnormal elevation of cardiac biomarkers but may include ECG changes
not meeting criteria for STEMI. The diagnosis of unstable angina is based on history (Table 49-1) because
the ECG and cardiac injury biomarkers are nondiagnostic. Early risk assessment for the likelihood of
myocardial infarction uses all of these data to aid decision making (Table 49-3 and Table 49-4).

Table 49–4

Thrombosis in Myocardial Infarction (TIMI) Score for Unstable Angina

Age 65 y or older

3 or more traditional risk factors for coronary artery disease

Prior coronary stenosis of 50% or more

ST-segment deviation on presenting electrocardiogram

2 or more anginal events in prior 24 h

Aspirin use within the 7 d prior to presentation

Elevated cardiac markers

The presence of each of the above is assigned 1 point. The maximum possible score is 7.

The Thrombosis in Myocardial Infarction (TIMI) score is a seven-item tool that helps stratify patients
with potential ACSs in the ED. Patients with a score of 0 to 2 have a 2% to 9% 30-day risk of death,Loading [Contrib]/a11y/accessibility-menu.js



myocardial infarction, or revascularization. Patients with higher scores have higher risks.

ELECTROCARDIOGRAPHY

The standard 12-lead ECG is the single best test—although it can be fallible—to identify patients with AMI

upon ED presentation.1Obtain the initial 12-lead ECG and interpret the tracing quickly, ideally within
10 minutes of presentation in those patients with symptoms suggestive of myocardial ischemia.
Prehospital ECGs reduce the time from symptom onset to reperfusion therapy in STEMI patients and are

an optimal tool when possible.5,6

ST-segment–based diagnostic ECG criteria for AMI are shown in Table 49-5. STEMI in the listed
distributions suggests acute transmural injury. ST-segment depressions in these distributions suggest
ischemia. Inferior wall AMIs should have a right-sided lead V4 (V4R) obtained, because ST-segment

elevation in V4R is highly suggestive of right ventricular infarction. For patients with a nondiagnostic tracing

and persistent symptoms who have a high risk of ACS, repeat the ECG to detect developing changes.1,5,7

Early studies of fibrinolytic therapy identified an increased risk of mortality in patients with new bundle-
branch block; this led to interpreting a new left bundle-branch block as being a "STEMI equivalent."

However, <10% of patients with new or possibly new left bundle-branch block have AMI.8
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*Posterior wall infarction does not produce Q-wave abnormalities in conventional leads and is diagnosed in the

presence of tall R waves in V1 and V2.

Table 49–5

Electrocardiographic ST-Segment–Based Criteria for Acute Myocardial Infarction

Location Electrocardiographic Findings

Anteroseptal ST-segment elevations in V1, V2, and possibly, V3

Anterior ST-segment elevations in V1, V2, V3, and V4

Anterolateral ST-segment elevations in V1–V6, I, and aVL

Lateral ST-segment elevations in I and aVL

Inferior ST-segment elevations in II, III, and aVF

Inferolateral ST-segment elevations in II, III, aVF, and V5 and V6

True posterior* Initial R waves in V1 and V2>0.04 s and R/S ratio ≥1

Right ventricular ST-segment elevations in II, III, and aVF and ST elevation in right-side V4

Reciprocal ST-segment changes—those in leads away from or opposite the elevation area—are from
subendocardial ischemia and denote a larger area of injury risk, an increased severity of underlying CAD,
more severe pump failure, a higher likelihood of cardiovascular complications, and increased mortality. In
general, the more elevated the ST segments and the more ST segments that are elevated, the more
extensive is the injury.

The ECG changes correlate often with the infarct-related vessel (Table 49-6). Inferior wall AMIs can result
from occlusion of the left circumflex artery or the right coronary artery. In the setting of an inferior wall AMI,
ST-segment elevation in at least one lateral lead (V5, V6, or aVL) with an isoelectric or elevated ST segment

in lead I is strongly suggestive of a left circumflex lesion (Figure 49-2). The presence of ST-segment
elevation in lead III greater than that in lead II predicts a right coronary artery occlusion (Figure 49-3).
When accompanied by ST-segment elevation in V1 or a V4R, it predicts a proximal right coronary artery

lesion with accompanying right ventricular infarction (Figure 49-4). Reciprocal anterior ST-segment
depressions in V1 through V4 are equally prevalent in right coronary and left circumflex inferior wall AMIs.

Figure 49-5 shows anterior myocardial infarction from distal left anterior descending artery occlusion,
whereas Figure 49-6 shows anterior myocardial infarction from proximal left anterior descending artery
occlusion.
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Table 49–6

ECG Findings and Culprit Coronary Artery9-13

ECG Findings
Culprit
Artery

Sensitivity
(%)

Specificity
(%)

Positive
Predictive
Value (%)

Negative
Predictive
Value (%)

ECG findings for inferior ST-segment elevation myocardial infarction

ST-segment elevation in lead III

greater than in lead II plus ST-

segment depression of >1 mm in

lead I, lead aVL, or both

Right

coronary

artery

90 71 94 70

In addition to the findings

immediately above, ST-segment

elevation on V1, V4R, or both

Proximal right

coronary

artery

79 100 100 88

Absence of the above findings

plus ST-segment elevation in

leads I, aVL, V5, and V6 and ST-

segment depression in leads V1,

V2, and V3

Left

circumflex

coronary

artery

83 96 91 93

ECG findings for anterior ST-segment elevation myocardial infarction

ST-segment elevation in leads

V1, V2, and V3 plus any of the

features below:

ST-segment elevation of >2.5

mm in lead V1, or right bundle-

branch block with Q wave, or

both

Proximal left

anterior

descending

coronary

artery

12 100 100 61

ST-segment depression of >1

mm in leads II, III, and aVF

Proximal left

anterior

descending

coronary

artery

34 98 93 68
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ECG Findings
Culprit
Artery

Sensitivity
(%)

Specificity
(%)

Positive
Predictive
Value (%)

Negative
Predictive
Value (%)

ST-segment depression of ≤1

mm, or ST-segment elevation in

leads II, III, and aVF

Distal left

anterior

descending

coronary

artery

66 73 78 62

Figure 49–2.

ECG showing inferior-lateral myocardial infarction from left circumflex coronary artery occlusion. ECG from
a 42-year-old man presenting with chest pain. ECG shows ST-segment elevation in limb leads II, III
(inferior), and aVF, as well as lead V6 (lateral). ST-segment depression is evident in leads V1, V2, and V3,

reflecting reciprocal changes in the anterior leads. The patient was found to have 100% occlusion of the left
circumflex coronary artery at cardiac catheterization. [Used with permission of David M. Cline, MD, Wake
Forest University.]

Figure 49–3.

ECG showing inferior myocardial infarction from right coronary artery occlusion. ECG from an 80-year-old
man presenting with acute chest pain. The ECG shows ST-segment elevation in lead III greater than in lead
II plus ST-segment depression of >1 mm in lead I and lead aVL. The patient was found to have 100%
occlusion of the right coronary artery at cardiac catheterization. [Used with permission of David M. Cline,
MD, Wake Forest University.]Loading [Contrib]/a11y/accessibility-menu.js



Figure 49–4.

A. Inferior wall myocardial infarction with ST elevation in lead V1. ECG showing inferior ST-segment

elevation myocardial infarction and ST-segment elevation in lead V1 suggestive of right ventricular

infarction. B. Inferior wall myocardial infarction with right ventricular leads. Same patient with placement of
right ventricular leads, showing ST-segment elevation in V3R, V4R, V5R, and V6R compatible with right

ventricular infarction. [Used with permission of J. Stephan Stapczynski, Maricopa Medical Center.]
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Figure 49–5.

ECG showing anterior myocardial infarction from distal left anterior descending coronary artery occlusion.
ECG from a 52-year-old man presenting with chest pain. ECG shows ST-segment elevation in V1, V2, and

V3, with the absence of ST-segment depression in leads II, III, and aVF. The patient was found to have

100% occlusion of the distal left anterior descending coronary artery at cardiac catheterization. [Used with
permission of David M. Cline, MD, Wake Forest University.]
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Figure 49–6.

ECG showing anterior myocardial infarction from proximal left anterior descending coronary artery
occlusion. ECG from a 65-year-old man presenting with chest pain. ECG shows ST-segment elevation in
V1, V2, and V3, and >1 mm of ST-segment depression in leads II, III, and aVF. The patient was found to

have 100% occlusion of the proximal left anterior descending coronary artery at cardiac catheterization.
[Used with permission of David M. Cline, MD, Wake Forest University.]
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ECGs are frequently misinterpreted, with a low of 5.9% to as many as 29% being misinterpreted.14 False-
positive interpretations of the ECG, indicating STEMI when no injury exists, occur between 11% and 14% of

the time.13 Balancing this is the observation that even patients with normal or nonspecific ECGs have a
1% to 5% incidence of AMI and a 4% to 23% incidence of unstable angina. Patients with nondiagnostic
ECGs or evidence of ischemia that is age-indeterminate have a 4% to 7% incidence of AMI and a 21% to
48% incidence of unstable angina. Demonstration of new ischemia in ECG increases the risk of AMI from
25% to 73% and the unstable angina risk from 14% to 43%. Thus, the standard 12-lead ECG is useful for
cardiovascular risk stratification of patients with ACSs. The only guideline-recommended addition to the
standard 12-lead ECG is the use of right-sided precordial lead, V4R, in the setting of acute inferior

myocardial infarction to detect right ventricular involvement.1,5,6

There are several clinical conditions in which ECG interpretation is difficult (Table 49-7). In the setting of
paced rhythms or left bundle-branch block, acute myocardial ischemia can be identified (Figure 49-7) with
select findings. In those with a preexisting left bundle-branch block, the following patterns are
indicative of AMI: (1) ST-segment elevation of 1 mm or greater and concordant (in the same direction as
the main deflection) with the QRS complex (odds ratio, 25.2; 95% confidence interval [CI], 11.6% to 54.7%)
seen in Figure 49-7C; (2) ST-segment depression of 1 mm or more in leads V1, V2, or V3 (odds ratio, 6.0;

95% CI, 1.9% to 19.3%) seen in Figure 49-7D; and (3) ST-segment elevation of 5 mm or greater and
discordant (in the opposite direction) with the QRS complex (odds ratio, 4.3; 95% CI, 1.8% to 10.6%) seen

in Figure 49-7E.14

Figure 49–7.

Discordant and concordant ST elevation and depression in the setting of left bundle-branch block. ST-
segment abnormalities in left bundle-branch block. A. Discordant ST-segment depression ("normal"). B.
Discordant ST-segment elevation ("normal"). C. Concordant ST-segment elevation (strongly suggestive of
acute myocardial infarction [AMI]). D. Concordant ST-segment depression (suggestive of AMI). E.
Excessive (>5 mm) discordant ST-segment elevation (weakly suggestive of AMI). [Used with permission of
William Brady, MD, University of Virginia.]
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Table 49–7

Conditions in Which ECG Interpretation Can Be Difficult

May have ST-segment elevation in the absence of acute myocardial infarction
Early repolarization

Left ventricular hypertrophy

Pericarditis

Myocarditis

Left ventricular aneurysm

Hypertrophic cardiomyopathy

Hypothermia

Ventricular paced rhythms

Left bundle-branch block

May have ST-segment depressions in the absence of ischemia
Hypokalemia

Digoxin effect

Cor pulmonale and right heart strain

Early repolarization

Left ventricular hypertrophy

Ventricular-paced rhythms

Left bundle-branch block

May have T-wave inversions in the absence of ischemia
Persistent juvenile pattern

Stokes-Adams syncope or seizures

Posttachycardia T-wave inversion

Postpacemaker T-wave inversion

Intracranial pathology (CNS hemorrhage)

Mitral valve prolapse

Pericarditis

Primary or secondary myocardial diseases

Pulmonary embolism or cor pulmonale from other causes

Spontaneous pneumothorax

Myocardial contusion

Left ventricular hypertrophy

Ventricular-paced rhythms

Left bundle-branch block

Right bundle-branch block

Right ventricular pacing, the common pacemaker lead location, causes secondary repolarization changes
of opposing polarity to that of the predominant QRS complex. Most leads have predominant negative QRS
complexes followed by ST-segment elevation and positive T waves. ST-segment elevation of at least 5 mmLoading [Contrib]/a11y/accessibility-menu.js



is most indicative of AMI in leads with predominantly negative QRS complexes.15 Any ST-segment
elevation concordant to the QRS complex in a predominantly positive QRS complex is highly specific for
AMI. The QRS complex is predominantly negative in leads V1 to V3 with right ventricular pacing. ST-

segment depression in these leads has 80% specificity for AMI.15

Wellens’ sign or syndrome describes a pattern of abnormal T waves in the precordial leads V2and V3

associated with critical stenosis of the left anterior descending artery16 (Figure 49-8) (Video 49-1) (Table
49-8). About 75% with this finding have deeply inverted T waves and about a quarter of patients will display

a variant pattern of biphasic T waves in the same leads.17,18 T wave abnormalities are often also seen in
leads V1 and V4or occasionally in leads V5and V6. The abnormal T waves of Wellens’ syndrome are

usually visible when the patient is pain-free and may normalize when pain recurs; repeating the ECG when

pain resolves or recurs can aid in detection of these dynamic changes.18 Up to 15% of patients presenting

with unstable angina will display the Wellens’ sign.16,19 Because of the high incidence of critical coronary
stenosis and the potential for acute infarction, Wellens’ syndrome should receive early interventional
management. Similarly, those with hyperacute T waves, de Winter ST-T wave complex (upsloping of ST-
segment with overall ST depression), and posterior STEMI patterns should receive early attempts at
reperfusion.

Figure 49–8

Wellens’ sign with ECG showing deep symmetric T wave inversions in leads V2 to V5. (From: Lefebvre C,
O'Neill J, Cline D, eds. Atlas of Cardiovascular Emergencies. Copyright McGraw-Hill. Used with
permission.).

Image not available.
Video 49-1 Wellens' Sign

Play Video
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Table 49–8.

General Criteria for Wellens’ Syndrome

History of episodic chest pain consistent with unstable angina

During pain, the ECG may not display abnormal T waves

When pain-free, abnormal T waves seen, most prominent in leads V2 and V3, often in leads V1 and V4, and

occasionally in leads V5 and V6

Deep symmetric T wave inversion seen in about 75% of Wellens’ syndrome patients

Biphasic T waves seen in about 25% of Wellens’ syndrome patients

No pathologic Q waves or loss of R waves

Normal or minimally elevated ST segments

Normal or minimally elevated cardiac biomarkers

SERUM MARKERS OF MYOCARDIAL INJURY

Patients with diagnostic ST-segment elevation on their initial ECG do not require serum marker
measurement to make treatment and disposition decisions. Conversely, serum markers are useful in
patients with nondiagnostic ECGs for diagnosis of NSTEMI and risk stratification of patients with STEMI,
NSTEMI, and unstable angina. Even low-level cardiac marker elevations are independent risk factors for

acute (<30 days) cardiac complications and short-term (<1 year) prognosis in unstable angina.20 A rise in
serum troponin I or T, with at least one value above the 99th percentile, is diagnostic for AMI in patients with

symptoms consistent with ACS.21 Low-level elevations in either troponin correlate with risk for

cardiovascular complications in unstable angina, CAD, and renal failure.20 Troponin is sensitive and
specific for cardiac myocardial necrosis, but there are many causes of myocardial necrosis unrelated to
ACS (see Table 48–5). Minor elevations in cardiac troponin I and cardiac troponin T identify patients more
likely to benefit from treatment with glycoprotein IIb/IIIa inhibitors, enoxaparin, and early invasive treatment

strategy (catheterization within 24 to 48 hours).22

New high-sensitivity cardiac troponins have improved ability to detect ischemia. First-generation single
assays of cardiac troponin I at the time of presentation had an AMI sensitivity of 39%. Serial sampling
increased sensitivity to 90% to 100%, with specificity of 83% to 96% for cardiac troponin I and 76% to 91%
for cardiac troponin T. The high-sensitivity troponins, initially used in Europe, identify 90% to 100% of
patients with AMI at the time of arrival using the lowest cut point, albeit with limited specificity (between

34% and 80% depending on the cut-off used).23,24,25 The concern regarding use of high-sensitivity assaysLoading [Contrib]/a11y/accessibility-menu.js
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focuses on the frequency of false-positive results that lead to unnecessary procedures and hospital
admissions or no benefit. Authors of a large observational study advocated using a single undetectable
high-sensitivity troponin plus no ECG evidence of ischemia as a decision point to discharge chest pain
patients from the ED.

Despite the new sensitive assays, guidelines1,5,6 and experts26 recommend serial troponin testing to
identify acute disease. A serial high-sensitivity troponin interval as short as 2 hours coupled with a low TIMI

risk score (<2) virtually excludes AMI.27 The European Society of Cardiology recommends a 3-hour serial

interval when high-sensitivity troponins are used.28

Elevated levels of the cardiac troponins in patients with NSTEMI increase the short-term risk of death 3.1-

fold (1.6% vs 5.2%).23 Although patients with elevated troponins in the absence of ACS may be "false
positive" for AMI, elevated troponin of any amount is associated with a high frequency of worse outcomes.
Taken together, the data strongly support the claim that any measurable elevated troponin is always
worse than no elevated troponin and that more troponin elevation is always worse than less
troponin elevation with respect to prognosis.

B-type natriuretic peptide, an established marker for patients with heart failure, is also elevated in patients
with ACS and can identify ACS patients who are at higher risk for adverse cardiovascular events, heart

failure, or death.5 When used in conjunction with other markers, the addition of B-type natriuretic peptide
increases sensitivity at the cost of decreased specificity, with only a slightly increase in overall diagnostic
accuracy. For this reason, B-type natriuretic peptide is not routinely needed in those with suspected ACS.

GENERAL TREATMENT

The treatment of ACSs is based on duration and persistence of symptoms, cardiac history, and findings on
physical examination and the initial ECG (see Figure 49-9). Establish IV access, give aspirin if not already
given by EMS, and, as long as there are no contraindications, provide ECG monitoring. Many recommend

supplemental O2
6; however, there is little evidence for benefit in patients without hypoxemia, and small

studies have shown a negative effect with high-flow O2.29 The key treatment strategies aim to achieve

immediate reperfusion and limit infarct size (Table 49-9 and Table 49-10).

Figure 49–9.

Treatment considerations for acute coronary syndrome patients. *Prasugrel should be considered at the

time of PCI in patients who have not yet received either clopidogrel or ticagrelor. †Enoxaparin,
unfractionated heparin, or fondaparinux. Note: See text for discussion of individual treatment options,

indications, and contraindications. ‡Risk factors for cardiogenic shock/adverse effects: 1. Signs of heart
failure; 2. evidence of a low cardiac output state; 3. increased risk for cardiogenic shock (cumulatively: age
>70 y old, systolic blood pressure <120 mm Hg, sinus tachycardia >110 beats/min or bradycardia <60
beats/min, and longer duration of ST-segment elevation myocardial infarction symptoms before diagnosis
and treatment); or 4. standard relative contraindications to β-blockade (PR interval >0.24 s, second- or
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third-degree heart block, active asthma, or reactive airway disease). AMI = acute myocardial infarction; PCI
= percutaneous coronary intervention.
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Table 49–9

Drugs Used in the Emergency Treatment of STEMI

Antiplatelet Agents

Aspirin 162–325 milligrams.

Clopidogrel Loading dose of 600 milligrams PO followed by 75 milligrams/d. No loading dose is

administered in patients >75 y old receiving fibrinolytics.

Prasugrel Loading dose of 60 milligrams promptly and no more than 1 h after PCI once coronary

anatomy is defined and a decision is made to proceed with PCI.

Ticagrelor Loading dose is 180 milligrams PO followed by 90 milligrams twice a day.

Antithrombins

Unfractionated

heparin

Bolus of 60 units/kg (maximum, 4000 units) followed by infusion of 12 units/kg/h

(maximum, 1000 units/h) titrated to a partial thromboplastin time 1.5–2.5 × control.

Enoxaparin 30 milligrams IV bolus followed by 1 milligram/kg SC every 12 h.

Fondaparinux 2.5 milligrams SC.*

Fibrinolytic Agents

Streptokinase 1.5 million units over 60 min.

Anistreplase 30 units IV over 2–5 min.

Alteplase Body weight >67 kg: 15 milligrams initial IV bolus; 50 milligrams infused over next 30 min;

35 milligrams infused over next 60 min.

Body weight <67 kg: 15 milligrams initial IV bolus; 0.75 milligrams/kg infused over next 30

min; 0.5 milligram/kg infused over next 60 min.

Reteplase 10 units IV over 2 min followed by 10 units IV bolus 30 min later.

Tenecteplase Weight Dose (total dose not to exceed 50 milligrams)

<60 kg 30 milligrams

≥60 but <70 kg 35 milligrams

≥70 but <80 kg 40 milligrams
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Abbreviations: MAP = mean arterial pressure; PCI = percutaneous coronary intervention; PRN = as needed; STEMI=

ST-segment elevation myocardial infarction.

* Fondaparinux should not be used as monotherapy for PCI; if used, addition of unfractionated heparin or bivalirudin is

recommended before PCI.

† American College of Cardiology/American Heart Association 2009 focused update for STEMI patients

recommended glycoprotein IIB/IIa inhibitors be given at the time of PCI; benefit prior to arrival in the cardiac

catheterization laboratory is uncertain.

‡ Risk factors for cardiogenic shock/adverse effects: 1. Signs of heart failure; 2. evidence of a low cardiac output

state; 3. increased risk for cardiogenic shock (cumulatively: age >70 y old, systolic blood pressure <120 mm Hg, sinus

≥80 but <90 45 milligrams

≥90 50 milligrams

Glycoprotein IIb/IIIa Inhibitors†

Abciximab 0.25 milligram/kg bolus followed by infusion of 0.125 microgram/kg/min (maximum, 10

micrograms/min) for 12–24 h.

Eptifibatide 180 micrograms/kg bolus followed by infusion of 2.0 micrograms/kg/min for 72–96 h.

Tirofiban 0.4 micrograms/kg/min for 30 min followed by infusion of 0.1 microgram/kg/min for 48–96

h.

Other Anti-Ischemic Therapies

Nitroglycerin Sublingual: 0.4 milligram every 5 min × 3 PRN pain.

IV: Start at 10 micrograms/min, titrate to 10% reduction in MAP if normotensive, 30%

reduction in MAP if hypertensive.

Morphine 2–5 milligrams IV every 5–15 min PRN pain.

Metoprolol 50 milligrams PO every 12 h on first day, unless significant hypertension, may consider 5

milligrams IV over 2 min every 5 min up to 15 milligrams; withhold β-blockers initially if the

patient is at risk for cardiogenic shock/adverse effects.‡

Atenolol 25–50 milligrams PO, unless significant hypertension, may consider 5 milligrams IV over 5

min, repeat once 10 min later; withhold β-blockers initially if the patient is at risk for

cardiogenic shock/adverse effects.‡
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tachycardia >110 beats/min or bradycardia <60 beats/min, and longer duration of STEMI symptoms before diagnosis

and treatment); or 4. standard relative contraindications to β-blockade (PR interval >0.24 s, second- or third-degree

heart block, active asthma, or reactive airway disease).
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Table 49–10

Drugs Used in the Emergency Treatment of Unstable Angina or NSTEMI

Antiplatelet Agents

Aspirin 162–325 milligrams

Clopidogrel Loading dose of 300–600 milligrams PO followed by 75 milligrams/d

Prasugrel Loading dose of 60 milligrams promptly and no more than 1 h after PCI once coronary

anatomy is defined and a decision is made to proceed with PCI

Ticagrelor Loading dose of 180 milligrams PO followed by 90 milligrams twice a day

Antithrombins

Heparin Bolus of 60 units/kg (maximum, 4000 units) followed by infusion of 12 units/kg/h (maximum,

1000 units/h) titrated to a partial thromboplastin time 1.5–2.5 × control

Enoxaparin 1 milligram/kg SC every 12 h

Fondaparinux 2.5 milligrams SC

Direct Thrombin Inhibitor

Bivalirudin 0.75 milligram/kg IV bolus followed by 1.75 milligrams/kg/h infusion for duration of

procedure

Glycoprotein IIb/IIIa Inhibitors

Abciximab 0.25 milligram/kg bolus followed by infusion of 0.125 microgram/kg/min (maximum, 10

micrograms/min) for 12–24 h

Eptifibatide 180 micrograms/kg bolus followed by infusion of 2.0 micrograms/kg/min for 72–96 h

Tirofiban 0.4 microgram/kg/min for 30 min followed by infusion of 0.1 microgram/kg/min for 48–96 h

Other Anti-Ischemic Therapies

Nitroglycerin Sublingual: 0.4 milligram every 5 min × 3 PRN pain

IV: Start at 10 micrograms/min, titrate to 10% reduction in MAP if normotensive, 30%

reduction in MAP if hypertensive

Metoprolol 50 milligrams PO every 12 h first day, unless significant hypertension, may consider 5
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Abbreviations: MAP = mean arterial pressure; NSTEMI = non-ST-segment elevation myocardial infarction; PRN = as

needed.

*Risk factors for cardiogenic shock/adverse effects: 1. Signs of heart failure; 2. evidence of a low cardiac output state;

3. increased risk for cardiogenic shock (cumulatively: age >70 years old, systolic blood pressure <120 mm Hg, sinus

tachycardia >110 beats/min or bradycardia <60 beats/min, and longer duration of ST-segment elevation myocardial

infarction symptoms before diagnosis and treatment); or 4. standard relative contraindications to β-blockade (PR

interval >0.24 s, second- or third-degree heart block, active asthma, or reactive airway disease).

milligrams IV over 2 min every 5 min up to 15 milligrams; withhold β-blockers initially if the

patient is at risk for cardiogenic shock/adverse effects*

Atenolol 25–50 milligrams PO, unless significant hypertension, may consider 5 milligrams IV over 5

min, repeat once 10 min later; withhold β-blockers initially if the patient is at risk for

cardiogenic shock/adverse effects*

Patients with persistent symptoms and STEMI should receive reperfusion attempts. Reperfusion
therapies can be mechanical or pharmacologic. Percutaneous coronary intervention (PCI) with or

without stent placement is the dominant current approach to mechanical reperfusion.5 Pharmacologic
reperfusion is accomplished with fibrinolytic therapy, which is improved with adjuvant antiplatelet and
antithrombin therapy.

American Heart Association/American College of Cardiology guidelines target a treatment goal of ≤90
minutes for a patient who arrives at a hospital with PCI capability or of ≤120 minutes for patients arriving at

a hospital without PCI capability to account for transfer time.5,6 Fibrinolysis should be given within 30

minutes of ED arrival if PCI cannot be accomplished within these time frames.6 The concept of "first

medical contact to device/balloon time" replaces the "door to needle" or "door to balloon" time.6 Each health
system and institution treating ACS patients should develop protocols to drive optimal methods of
reperfusion, determining which strategy it will use depending on its capabilities.

Most STEMI patients receive antiplatelet agents, antithrombins, and nitrates in the ED. Treat patients with

unstable angina or NSTEMI with antiplatelet agents, antithrombins, and nitrates.1 Those with unstable
angina or NSTEMI refractory to these therapies or those scheduled to undergo PCI also may benefit from

the use of glycoprotein IIb/IIIa antagonists (Table 49-9 and Table 49-10).1

NSTEMI TREATMENT

For patients with NSTEMI (which by definition requires the time for biomarkers to become elevated and the
clinical laboratory to perform the measurement), an invasive approach within 24 to 48 hours using PCI

reduces the composite of death, MI, or recurrent ACS by 19% in women and 27% in men.30 Therefore, the
very early invasive approach deployed in STEMI is recommended in NSTEMI patients only with refractory

angina or hemodynamic or electrical instability, or in patients at increased risk for clinical events.1 Although
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the proportion of myocardial infarction patients with NSTEMI has increased from 52.8% in 2002 to 68.6% in
2011, utilization of the early invasive approach increased from 27.8% to 41.4% while in-hospital mortality

dropped.31

Based on the results of these trials and a meta-analysis,32 the American Heart Association/American
College of Cardiology guidelines for the management of unstable angina/NSTEMI patients recommend
early (within 48 hours) invasive therapy in patients with recurrent angina/ischemia with or without symptoms
of congestive heart failure, elevated cardiac troponins, new or presumably new ST-segment depression,
high-risk findings on noninvasive stress testing, depressed left ventricular function, hemodynamic instability,
sustained ventricular tachycardia, PCIs within the previous 6 months, or prior coronary artery bypass

grafting.1 More aggressive and earlier PCI in these patients has not proven beneficial compared to the

within 48 hours approach.33,34

PERCUTANEOUS CORONARY INTERVENTION

The American College of Cardiology, the American Heart Association, and the European Society of
Cardiology recommend PCI as the preferred method of reperfusion therapy if the first medical

contact to first balloon inflation time is less than 90 to 120 minutes.5,6,35 In the early presenting cohort
(within 3 hours of symptom onset), the decision to use primary PCI rather than fibrinolysis is based on
institutional expertise, availability of the cardiac catheterization team, and the individual patient risk of
complications from fibrinolysis.

Coronary angioplasty with or without stent placement is the most common PCI; alternatives include
atherectomy and laser angioplasty. Balloon angioplasty increases the size of the arterial lumen through
endothelial denudation; cracking, splitting, and disruption of atherosclerotic plaque; dehiscence of intima
and plaque from underlying media; and stretching or tearing of underlying media and adventitia. With
successful dilatation, small amounts of arterial wall dissection and aneurysmal expansion may be seen.
The greater the increase in luminal size, the lower is the risk of restenosis. However, more aggressive
balloon inflation can augment dissection, platelet deposition, thrombus formation, and plaque hemorrhage.

Alternative PCI procedures attempt to limit complications. Directional and rotational coronary atherectomy
extract atherosclerotic tissue from the coronary artery. Excimer laser atherectomy vaporizes atheromatous
tissue. It results in larger luminal diameters but has not reduced rates of restenosis or other complications
associated with percutaneous angioplasty procedures.

Coronary stents are fenestrated stainless steel tubes that are expanded by a balloon to provide
scaffolding within the coronary arteries. Adding antiplatelet therapy (in particular, thienopyridines and
glycoprotein IIb/IIIa inhibitors) results in lower adverse events at 6 months. Drug-eluting stents are
associated with decreased early (within months) vessel closure but a higher delayed closure, particularly
once antiplatelet agents (clopidogrel) are stopped.

In centers with expertise in direct angioplasty, primary PCI reduces the cardiovascular complication rate in

patients with AMI compared to fibrinolysis.5,36,37 The longer the duration of symptoms, the greater is theLoading [Contrib]/a11y/accessibility-menu.js



benefit to primary PCI over fibrinolysis. PCI is more effective in establishing flow and reducing reocclusion
in the infarct-related artery than fibrinolytic therapy and is associated with a decreased incidence of short-

and long-term death, nonfatal reinfarction, and intracranial hemorrhage compared with fibrinolytic therapy.6

Registry data show that the targeted reperfusion time goal is met less than half the time.35,38 Strategies39

to optimize door to balloon time include: EMS direct or emergency physician activation of the
catheterization laboratory without cardiologist consultation by a one call system (similar to trauma
activations); having a trained catheterization team ready in 20 minutes; a feedback loop providing the EMS
provider and emergency physician with data on the individual case; quality assurance processes in place to
measure and report back times; and continually enhancing the team-based approach.

FIBRINOLYTICS

Fibrinolytic agents (tissue plasminogen activator, recombinant tissue plasminogen activator, tenecteplase,
streptokinase, and anistreplase) act on the acute thrombosis directly or indirectly as plasminogen
activators. Plasminogen, an inactive proteolytic enzyme, binds directly to fibrin during thrombus formation to
form a plasminogen–fibrin complex. This plasminogen–fibrin complex incorporated into the clot is more
susceptible than circulating plasma plasminogen to activation—thus, the concept that fibrinolytic agents are
to a varying degree "clot specific," promoting fibrin proteolysis.

Fibrinolytic therapy improves left ventricular function and short-term and long-term mortality. A meta-
analysis found that the net benefit of fibrinolytic treatment in the first 3 hours was >30 lives saved per 1000

patients.40 The loss of benefit per hour delay in fibrinolytic administration was 1.6 lives per 1000 patients
per hour.

Fibrinolytic therapy is indicated for patients with STEMI (as a reperfusion option) if time to
treatment is <6 to 12 hours from symptom onset and the ECG has at least 1 mm of ST-segment

elevation in two or more contiguous leads.5,6 Therapy is more beneficial if given early and for larger
infarctions and anterior infarctions than for smaller or inferior infarctions. In the elderly, the overall risk of
mortality from AMI is high. The proportionate reduction in mortality rate appears to be less in patients >75
years old, but the absolute number of patients who may be saved is still considerable.

After failed fibrinolytic administration, rescue PCI is recommended for patients in cardiogenic shock who are
<75 years old, patients with severe heart failure or pulmonary edema, patients with hemodynamically
compromising ventricular arrhythmias, and patients in whom fibrinolytic therapy has failed and a moderate

or large area of myocardium is at risk.5

Because tissue plasminogen activator, recombinant tissue plasminogen activator, and tenecteplase have
similar efficacy and safety profiles, the choice of which to use is usually based on ease of administration,
cost, and the local preferences.

Contraindications to fibrinolytic therapy are those that increase the risk of hemorrhage (Table 49-11). The
most catastrophic complication is intracranial bleeding. Clinical variables that can be assessed in the ED
and predict an increased risk of intracranial hemorrhage are age (>65 years old), low body mass (<70 kg),
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and hypertension on presentation.5 Intracranial hemorrhage is more common with tissue plasminogen
activator than with streptokinase (odds ratio of 1.6). Patients with relative contraindications may still receive
fibrinolytic therapy when the benefits of therapy outweigh the risks of the complications.

Table 49–11

Contraindications to Fibrinolytic Therapy in ST-Segment Elevation Myocardial Infarction

Absolute contraindications
Any prior intracranial hemorrhage

Known structural cerebral vascular lesion (e.g., arteriovenous malformation)

Known intracranial neoplasm

Ischemic stroke within 3 mo

Active internal bleeding (excluding menses)

Suspected aortic dissection or pericarditis

Relative contraindications
Severe uncontrolled blood pressure (>180/100 mm Hg)

History of chronic, severe, poorly controlled hypertension

History of prior ischemic stroke >3 mo or known intracranial pathology not covered in contraindications

Current use of anticoagulants with known INR >2–3

Known bleeding diathesis

Recent trauma (past 2 wk)

Prolonged CPR (>10 min)

Major surgery (<3 wk)

Noncompressible vascular punctures (including subclavian and internal jugular central lines)

Recent internal bleeding (within 2–4 wk)

Patients treated previously with streptokinase should not receive streptokinase a second time

Pregnancy

Active peptic ulcer disease

Other medical conditions likely to increase risk of bleeding (e.g., diabetic retinopathy)

Patients treated with fibrinolytics benefit from early follow-up invasive intervention, called pharmacoinvasive
therapy. In the TRANSFER-AMI study, high-risk patients treated with fibrinolytics for STEMI at non–PCI-
capable centers were randomized to standard care or immediate transfer for PCI within 6 hours after

fibrinolysis.41 The patients who underwent the pharmacoinvasive strategy had a 6.2% absolute reduction in
the composite endpoint of death, reinfarction, recurrent ischemia, new or worsening heart failure, or
cardiogenic shock at 30 days.

Facilitated PCI refers to a planned initial pharmacologic treatment followed by PCI for treatment of STEMI.
The ASSENT-4 PCI trial found no benefit and a higher incidence of death, congestive heart failure, or shock
at 90 days in the group receiving fibrinolytics compared with the PCI-only group. Current guidelines state
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that a facilitated approach might be considered in high-risk patients with low bleeding risk with long duration

to PCI.5 However, no clear benefits are apparent for this method.

Fibrinolytic therapy in STEMI is limited in several ways. First, even the most potent fibrinolytic agents do not
achieve early and complete restoration of coronary blood flow in 40% to 50% of patients. Fibrinolytics are
plasminogen activators. When fibrin is lysed, thrombin is exposed. The exposed thrombin is a potent
biologic platelet activator. As a result, the more fibrin that is lysed, the more thrombin is exposed, and the
more prothrombotic substrate is engendered. This may be one reason why optimal antithrombin therapy
(enoxaparin rather than unfractionated heparin) and dual antiplatelet therapy (both aspirin and clopidogrel)
lead to improved outcomes. The second limitation of fibrinolytic therapy is that approximately 0.5% to 1.0%
of patients have intracranial hemorrhage, which usually results in death or disabling stroke.

STEMI patients who have received fibrinolytics should receive full-dose anticoagulants for a

minimum of 48 hours.5 Recommended therapies include unfractionated heparin, enoxaparin, or

fondaparinux.5,6

STREPTOKINASE AND ANISTREPLASE

Streptokinase is a polypeptide derived from β-hemolytic Streptococcus cultures. It binds 1:1 to
plasminogen, causing a conformational change that activates the plasminogen–streptokinase complex.
This complex cleaves peptide bonds on other plasminogen molecules to activate them. This activated
complex does not have fibrin specificity with a corresponding potential for marked systemic fibrinogen
depletion. Anistreplase is a modified active plasminogen–streptokinase complex. Streptokinase compared
with placebo reduces mortality rate and improves left ventricular function in patients with STEMI.

Allergic reactions occur in about 5% of patients treated with streptokinase for the first time, especially those
with a recent Streptococcus infection. Self-limited allergic reactions usually respond to antihistamines.
Anaphylactic reactions are rare. During IV administration, a minority of patients will experience hypotension,
which usually responds to decreasing the rate of infusion and volume expansion. Streptokinase has a
serum half-life of approximately 23 minutes but produces a fibrinolytic state for up to 24 hours. Antibodies
may develop after streptokinase use, so retreatment is generally avoided. Streptokinase is less costly than

other fibrinolytic agents. As a result, it is the most widely used fibrinolytic in some countries.42,43

ALTEPLASE/TISSUE PLASMINOGEN ACTIVATOR

Alteplase (also called tissue plasminogen activator) is a naturally occurring enzyme produced by the
vascular endothelium and other tissues. It has a binding site for fibrin that allows it to attach to a formed
thrombus and trigger fibrinolysis (fibrin specificity) with only mild systemic fibrinogen depletion. Tissue
plasminogen activator achieves higher infarct-related artery patency rates than streptokinase (about 75%
vs 50%, respectively). However, the choice of which fibrinolytic agent to use is probably less relevant than
quick door-to-needle time (which saves an additional 1.6 per 1000 lives per hour earlier when treatment is
provided). The mechanism of improved benefit of tissue plasminogen activator is early patency of the
infarct-related vessel, which predicts short- and long-term survival.Loading [Contrib]/a11y/accessibility-menu.js



RETEPLASE

Reteplase (recombinant tissue plasminogen activator) is a genetically engineered modification of tissue
plasminogen activator that has a longer half-life (18 minutes vs 3 minutes) but reduced fibrin binding with
potential for moderate systemic fibrinogen depletion. The third Global Use of Strategies to Open Occluded
Coronary Arteries III trial showed no clinical difference in outcomes (mortality and stroke) between tissue
plasminogen activator and reteplase. Reteplase can be given as a double slow-IV bolus, 10 milligrams
each, 30 minutes apart. The easy double-bolus administration is an advantage in the ED.

TENECTEPLASE

Tenecteplase is another tissue plasminogen activator variant with a prolonged half-life (about 20 minutes),
is resistant to endogenous plasminogen activator inhibitor 1 inactivation, and has high fibrin specificity and
binding with minimal systemic fibrinogen depletion. There is no difference in 30-day mortality or intracranial
hemorrhage rates between tenecteplase and tissue plasminogen activator. Single-bolus administration
makes this an easy fibrinolytic agent to administer, but tenecteplase requires weight-based dosing, which
may not always be practical.

ANTIPLATELET AGENTS

The glycoprotein IIb/IIIa antagonists are stronger antiplatelet agents than aspirin, interrupting platelet
activation regardless of the agonist. In contrast, aspirin only inhibits platelet aggregation stimulated through
thromboxane A2 and mediated through the arachidonic acid pathway.

ASPIRIN

Give aspirin, ≥162 milligrams and preferably 325 milligrams if naïve of aspirin, as soon as possible
to all patients with STEMI, NSTEMI, and unstable angina. Aspirin prevents formation of thromboxane
A2, an agonist of platelet aggregation. This inhibition persists for the 8- to 12-day life of the platelet,

because platelets are unable to generate new cyclooxygenase. In patients with STEMI, aspirin alone

reduces relative mortality rate by 23%.5 The estimated number needed to treat to aid is 41 patients, with

the number needed to harm (nondangerous bleeding) being 167 patients.44 Aspirin used in conjunction with
fibrinolytic therapy further reduces ischemic events and coronary artery reocclusion. Aspirin doses >162
milligrams cause immediate, near-complete inhibition of thromboxane A2. Smaller doses may not be

effective for acute use. Aspirin reduces vascular events in patients with AMI and patients with unstable
angina, especially in those with prior myocardial infarction or stroke (decrease by about 4%).

The side effects of aspirin are mainly GI, accumulative, and dose related. They can be reduced by using
diluted or buffered aspirin solutions, lowest possible doses, or concurrent antacid or H2 antagonist

administration. Due to the substantial benefits of aspirin therapy during ACS, do not withhold this agent

from patients with minor contraindications (vague allergy, history of remote peptic ulcer, or GI bleeding).5

Other antiplatelet agents such as clopidogrel are alternatives if true aspirin allergy or active peptic ulcer
disease exists.Loading [Contrib]/a11y/accessibility-menu.js



ADENOSINE DIPHOSPHATE RECEPTOR ANTAGONISTS

Prasugrel

Prasugrel is an irreversible, potent platelet receptor antagonist in this class. In the TRITON-TIMI 38 trial,

prasugrel compared favorably with clopidogrel,45 reducing the primary composite outcome by an absolute
2.2%, although with an increased frequency of bleeding. In post hoc analysis, this increased bleeding risk
was greatest in patients with a history of stroke and patients age ≥75 years. The U.S. Food and Drug
Administration issued a boxed warning for prasugrel, indicating use is contraindicated in patients
with a prior cerebrovascular accident or transient ischemic attack or with pathologic bleeding.
Additional risk factors for bleeding are age ≥75 years, propensity for bleeding, and concomitant use
of medications that increase the risk of bleeding. Prasugrel has only been studied in patients with

known coronary anatomy, so it has limited generalizability to ED patients.46

Ticagrelor

Ticagrelor is a reversible nonthienopyridine P2Y12 receptor antagonist, with the effect gone within 3 days of

stopping the agent. The PLATO study compared ticagrelor to clopidogrel47 in patients with ACS (with or
without ST elevation). The composite primary outcome in those treated with ticagrelor was 1.9% absolute
frequency lower without any difference in major bleeding. In the patients with STEMI undergoing PCI, there
was an increase in stroke in patients receiving ticagrelor (1.7% vs 1.0%, P = 0.02)

Clopidogrel

The addition of clopidogrel to aspirin and antithrombin therapy improves cardiovascular outcomes in

patients receiving fibrinolysis for STEMI. The CLARITY-TIMI 28 trial48 and the COMMIT Trial49 both
demonstrated improvements in hospital and 30-day outcomes with the addition of clopidogrel to standard
therapy. The American College of Cardiology/American Heart Association STEMI guidelines consider this

dual therapy a Class I, level of evidence A recommendation.5

Clopidogrel reduces a composite outcome of death, AMI, and stroke in patients with unstable
angina/NSTEMI. The CURE trial randomized patients with unstable angina/NSTEMI to clopidogrel (300-

milligram loading dose and 75-milligram daily dose) or placebo,50 with all patients receiving aspirin. The
clopidogrel group had a 20% reduction in death, AMI, or stroke between 3 and 12 months. There was an
excess of bleeding in the clopidogrel group compared with controls; however, this was reduced in patients
who received lower doses of aspirin.

Give clopidogrel to patients with true aspirin allergy. Early administration is recommended in

patients with ACS regardless of whether noninvasive management or PCI is planned.51 For patients

undergoing urgent PCI, 600 milligrams is superior to 300 milligrams in preventing postprocedure MI.52,53

However, the results of the CURRENT-OASIS-7 trial reported that although increasing the clopidogrel dose

to 600 milligrams caused a decrease in ischemic events, there was also an increased rate of bleeding.54
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Therefore, the current guidelines still provide a clopidogrel dose range of 300 to 600 milligrams in patients

with unstable angina/NSTEMI.1

In late 2009 and early 2010, the U.S. Food and Drug Administration issued warnings on the efficacy of
clopidogrel in two selected patient groups. First, patients taking omeprazole experience an approximately
50% reduction in the antiplatelet aggregation effects of clopidogrel. Second, patients with the variant
CYP2C19 gene have impaired metabolism of clopidogrel and hence a reduced ability to convert the drug to
its active form, leading to an increase in stent thromboses and recurrent ischemic events. Consider
alternative antiplatelet agents in this group of patients.

Because of an increased bleeding risk, withhold clopidogrel for 5 days before coronary artery bypass
grafting when possible. About 5% to 20% of patients with unstable angina/NSTEMI eventually have near-
term coronary artery bypass grafting; do not withhold clopidogrel unless coronary artery bypass grafting is
imminent.

GLYCOPROTEIN IIB/IIIA INHIBITORS

Abciximab is a chimeric antibody that binds irreversibly to the glycoprotein IIb/IIIa antagonists. The
duration of action is longer than that of the smaller peptide molecules. Eptifibatide is a synthetic
heptapeptide that binds reversibly to the glycoprotein IIb/IIIa receptor. Tirofiban is a synthetic small
molecule with reversible binding to the glycoprotein IIb/IIIa receptor. All require an IV infusion to
demonstrate sustained benefits. Reversal of platelet inhibition after cessation of infusion is more rapid with
the polypeptide or small-molecule agents eptifibatide or tirofiban, an advantage when bleeding
complications occur.

Despite potential benefits, routine initiation of a glycoprotein IIb/IIIa inhibitor in the ED is not recommended

due to conflicting information about the timing of PCI after administration and potential for bleeding.55

The glycoprotein IIb/IIIa inhibitor recommendations include patients with high-risk features, such as positive
troponins, or patients who are likely to receive PCI, but initiation prior to catheterization does not have
proven benefit over initiation in the catheterization laboratory. Six large trials together enrolled more than
10,000 PCI patients and found that patients treated with glycoprotein IIb/IIIa inhibitors (in addition to aspirin

and an antithrombin) have an approximately 40% reduced risk of death or AMI in 30 days.55 Some of this
benefit was sustained for up to 3 years (13% reduction).

Four large trials evaluated glycoprotein IIb/IIIa antagonists for the medical stabilization of patients with
unstable angina/NSTEMI. Tirofiban and eptifibatide reduced the rates of the triple composite endpoint of
death, AMI, and recurrent ischemia. However, abciximab was not a benefit in patients who did not undergo
coronary angiography within 48 hours. In a meta-analysis of six randomized placebo-controlled trials, a
small reduction in the composite (but not individual) endpoint of death or AMI occurred in patients receiving
glycoprotein IIb/IIIa inhibitors (11.8% vs 10.8%), with the most benefit and bleeding in patients undergoing

PCI.55 Thus, the American Heart Association/American College of Cardiology guidelines for the
management of unstable angina/NSTEMI patients make administration of glycoprotein IIb/IIIa

inhibitors to patients in whom a PCI is planned a Class IIb recommendation.1 Abciximab is not
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recommended for patients who will be receiving medical management without PCI. A trial by Giugliano et

al56 published in 2009 found that for NSTEMI patients taken to PCI (invasive strategy), eptifibatide delayed
to the time of PCI resulted in less bleeding with otherwise similar outcomes, suggesting that the preferred

time for administration of glycoprotein IIb/IIa inhibitors to this group of patients is at the time of PCI.57

ANTITHROMBINS
UNFRACTIONATED HEPARIN

Unfractionated heparin reduces the risk of AMI and death during the acute phase of unstable angina. The
combination therapy of aspirin and heparin reduces the short-term risk of death or AMI by 56% compared
with aspirin alone. When unfractionated heparin is used in combination with aspirin, recurrence of ischemia
is diminished after cessation of the infusion. Thus, combination therapy with aspirin and heparin is
indicated for patients with ACS.

Unfractionated heparin has an unpredictable anticoagulant response because the bioavailability of heparin
is variable. Even in clinical trials, less than half of patients are appropriately anticoagulated within 24 hours.
Unfractionated heparin requires careful laboratory monitoring and dose adjustment. The weight-adjusted
regimen is recommended, with an initial bolus of 60 units/kg (maximum of 4000 units per American Heart

Association/American College of Cardiology guidelines1,5) and an infusion of 12 units/kg/h (maximum, 1000

units/h1,5). Unfractionated heparin dosing according to the European Society of Cardiology is 70 to 100
units/kg IV bolus when no glycoprotein IIb/IIIa inhibitor is planned and 50 to 60 units/kg IV bolus when given

with glycoprotein IIb/IIIa inhibitors.6 Optimally, cease unfractionated heparin after 48 hours of therapy to

reduce the risk of developing heparin-induced thrombocytopenia.5 Use other agents if ongoing
anticoagulation is needed.

LOW-MOLECULAR-WEIGHT HEPARINS

The low-molecular-weight heparins have greater bioavailability, lower protein binding, and a longer half-life,
and achieve a more reliable anticoagulant effect. As a result, they are given in a fixed dose subcutaneously
once or twice a day and achieve a stable therapeutic response without the need for monitoring
anticoagulation.

Large clinical trials show that enoxaparin, rather than unfractionated heparin, improved outcome in STEMI

patients treated with aspirin and fibrinolysis.58Enoxaparin is not considered a first-line antithrombin for

patients receiving primary PCI for treatment of STEMI5; however, in the event that a patient previously
started on enoxaparin goes for PCI, enoxaparin should be continued.

A meta-analysis of six trials comparing enoxaparin with unfractionated heparin demonstrates a 0.9%
reduction in death or recurrent AMI in patients receiving enoxaparin rather than unfractionated heparin, in

addition to other standard therapies.59 The benefit of enoxaparin is greater in patients with higher risk, with
a significant decrease in the composite endpoint of death, AMI, and recurrent ischemia requiring PCI at 14
days in patients with a TIMI risk score >3. Trials with high rates of PCI have demonstrated the safety and
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efficacy of low-molecular-weight heparins in patients receiving PCI. The SYNERGY trial demonstrated
improved outcomes in patients with consistent therapy (use of a single antithrombin from the ED through
the catheterization laboratory) and increased bleeding when the patient was changed from one
antithrombin to another. The best approach is for the emergency physician and cardiologist to work in
collaboration to choose the antithrombin agent used from ED through PCI and aftercare. If coronary artery
bypass grafting is planned, hold low-molecular-weight heparin for 12 to 24 hours, bridging with
unfractionated heparin.

FONDAPARINUX

Fondaparinux is a synthetic pentasaccharide that binds to antithrombin-III to form an antithrombic complex,
but unlike heparin, this complex is very specific for factor Xa inhibition. Fondaparinux has been evaluated in
two large clinical trials. In STEMI patients, it has similar efficacy to unfractionated heparin in patients
receiving fibrinolytics or primary PCI. However, the European Society of Cardiology does not recommend

fondaparinux in patients going for PCI.6 American College of Cardiology/American Heart Association
guidelines make the following caution: fondaparinux is not a monotherapy for PCI; if used, add

unfractionated heparin or bivalirudin before PCI.5

In unstable angina/NSTEMI patients, bleeding was lower in fondaparinux versus enoxaparin-treated
patients. For NSTEMI patients in whom a conservative management is to be used, the American College of
Chest Physicians Evidence-Based Clinical Practice Guidelines recommended fondaparinux over

enoxaparin,60 as did the European Society of Cardiology,28 but it is not yet U.S. Food and Drug
Administration approved for this indication.

DIRECT THROMBIN INHIBITOR: BIVALIRUDIN

Direct thrombin inhibitors bind to the catalytic site of thrombin, bind to thrombin in clot, and are resistant to
agents that degrade heparin. Bivalirudin reduces the short-term risk of postischemic complications relative
to high-dose unfractionated heparin in patients undergoing PCI for unstable or postinfarction angina. The
ACUITY trial demonstrated that bivalirudin is safe and effective for intermediate to high-risk unstable

angina/NSTEMI patients receiving PCI.61 The HORIZONS-AMI trial showed that, in patients with STEMI
who are undergoing PCI, anticoagulation with bivalirudin alone, as compared with unfractionated heparin

plus glycoprotein IIb/IIIa inhibitors, resulted in significantly reduced 30-day rates of major bleeding.62

LIMITING INFARCT SIZE
NITRATES

Nitrates relax vascular smooth muscle in arteries, arterioles, and veins through the metabolic conversion of
organic nitrates to nitric oxide. The pulmonary capillary wedge pressure, systemic arterial pressure, and left
ventricular end-systolic and end-diastolic volumes decrease. Reduction in right and left ventricular filling
pressures that result from peripheral dilatation combined with afterload reduction that results from arterial
dilatation decrease cardiac work and myocardial O2 requirements. Nitroglycerin has direct vasodilatorLoading [Contrib]/a11y/accessibility-menu.js



effects on the coronary vascular bed and increases global and regional myocardial blood flows. When
obstructing atherosclerotic lesions contain intact vascular smooth muscle, nitrates may dilate these vessels,
thereby improving blood flow. Platelet aggregation is also inhibited by nitroglycerin.

When nitroglycerin is used in AMI patients not treated with thrombolytics, it reduces infarct size, improves
regional function, and decreases the rate of cardiovascular complications. The mortality rate is lowered by
35% with the use of nitrates. It is important to note that in most studies, IV nitroglycerin titration to 10%
reduction in mean arterial pressure for normotensive patients and to 30% reduction in mean arterial
pressure for hypertensive patients occurred, not for symptom resolution. In AMI, titrate IV nitroglycerin to
blood pressure reduction rather than to symptom (chest pain) resolution. Data are confounded
regarding a benefit of nitroglycerin in those receiving fibrinolytic therapy.

The American College of Cardiology/American Heart Association recommends the use of IV nitroglycerin
for the first 24 to 48 hours for patients with STEMI and recurrent ischemia, congestive heart failure, or

hypertension.5 Benefits are likely to be greatest in patients not receiving concurrent fibrinolytic therapy. For
unstable angina/NSTEMI, IV nitroglycerin is used in patients who are not responsive to sublingual

nitroglycerin tablets.1

The most serious side effect of nitroglycerin is hypotension, which may result in reflex tachycardia and
worsening ischemia; paradoxical bradycardia can also follow nitrate use. Use nitroglycerin cautiously for
patients with inferior wall ischemia, because one third of such patients might have right ventricular
involvement and hence are volume dependent; nitrates reduce preload and commonly trigger hypotension
in this setting, worsening infarct. If nitroglycerin results in hypotension, stop the drug and administer fluid for
blood pressure. Avoid nitrates in patients with ACS who recently received a phosphodiesterase inhibitor for
erectile dysfunction (within 24 hours of sildenafil use or within 48 hours of tadalafil use).

BLOCKERS

β-Adrenergic antagonists have antidysrhythmic, anti-ischemic, and antihypertensive properties. During AMI,
they diminish myocardial O2 demand by decreasing heart rate, systemic arterial pressure, and myocardial

contractility. Prolongation of diastole may augment perfusion to ischemic myocardium.

Contemporary trials show no benefit from early β-blocker therapy, and data from one large trial have

changed the guideline recommendations for β-antagonists.63 The COMMIT/CCS-2 trial randomized 45,852
patients within 24 hours of myocardial infarction symptom onset to receive either IV metoprolol followed by
oral metoprolol or placebo. Metoprolol reduced the absolute risks of reinfarction by 5 per 1000 and of
ventricular fibrillation by 5 per 1000, but importantly, it increased the risk of cardiogenic shock by 11

per 1000. Overall, metoprolol did not significantly reduce mortality in the hospital.63American College of
Cardiology/American Heart Association recommendations are to start PO (not IV) β-antagonists in
patients with STEMI or NSTEMI within 24 hours provided the patient has none of the following: (1)
signs of heart failure, (2) evidence of a low cardiac output state, (3) increased risk for cardiogenic shock
(cumulatively: age >70 years old, systolic blood pressure <120 mm Hg, sinus tachycardia >110 beats/min
or bradycardia <60 beats/min, and longer duration of STEMI symptoms before diagnosis and treatment), orLoading [Contrib]/a11y/accessibility-menu.js



(4) standard relative contraindications to β-blockade (PR interval >0.24 seconds, second- or third-degree

heart block, active asthma, or reactive airway disease).1,5 IV therapy is reserved for patients with significant
hypertension.

ANGIOTENSIN-CONVERTING ENZYME INHIBITORS

Angiotensin-converting enzyme inhibitors reduce left ventricular dysfunction and left ventricular dilatation
and slow the development of congestive heart failure during AMI. Oral angiotensin-converting enzyme

therapy lowers mortality after AMI.64

The American College of Cardiology/American Heart Association recommends that patients with STEMI or
heart failure receive treatment with oral angiotensin-converting enzyme inhibitors within the first 24 hours

(not necessarily in the ED).5 For unstable angina/NSTEMI, angiotensin-converting enzyme inhibitors
should be administered within the first 24 hours in patients with pulmonary congestion or a left ventricular

ejection fraction <40%, in the absence of hypotension or contraindications.1

Contraindications to angiotensin-converting enzyme inhibitors include hypotension, bilateral renal artery
stenosis, renal failure, or history of cough or angioedema due to prior angiotensin-converting enzyme
inhibitor use. The efficacy of angiotensin-converting enzyme inhibitors in unstable angina has not been well
evaluated.

MAGNESIUM

Magnesium produces systemic and coronary vasodilatation, possesses antiplatelet activity, suppresses
automaticity, and protects myocytes from calcium influx during reperfusion. However, studies are conflicting:
some have found that the mortality rate is reduced, whereas others have shown no benefit at all. In light of
these conflicting data, correct documented hypomagnesemia during AMI and give magnesium for torsades-

type ventricular tachycardia with a prolonged QT interval.5 Magnesium bolus and infusion in high-risk
patients, such as the elderly and those in whom reperfusion therapy is not suitable, are considered possibly

beneficial.5

CALCIUM CHANNEL ANTAGONISTS

Calcium channel blockers have antianginal, vasodilatory, and antihypertensive properties. Calcium
antagonists do not reduce mortality rate after AMI, and they may be harmful to some patients with

cardiovascular disease.5

Verapamil and diltiazem are potentially beneficial in patients with ongoing ischemia or atrial fibrillation with
rapid ventricular response who do not have congestive heart failure, left ventricular dysfunction, or
atrioventricular block, and when β-adrenergic antagonists are contraindicated.

COMPLICATIONS OF ACUTE CORONARY SYNDROME
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Myocardial perfusion and cardiac function affect blood flow to the entire body. As a result, any end organ
can be damaged when cardiac pump function is decreased. In this section, discussion of the complications
of ACS is limited to the direct effects on the heart. The systemic effects of cardiac function are discussed in
organ-appropriate chapters of this book.

DYSRHYTHMIAS AND CONDUCTION DISTURBANCES

The genesis, diagnosis, and treatment of dysrhythmias are presented in chapter 18, "Cardiac Rhythm
Disturbances." The effect dysrhythmias have in complicating the course of patients with ACS is the subject
of this section.

Dysrhythmias occur in 72% to 100% of AMI patients treated in the coronary care unit. Table 49-12 shows
the approximate frequency of the various dysrhythmias observed in patients with AMI. Many dysrhythmias
occur in the prehospital and ED settings. The main consequences of dysrhythmias are impaired
hemodynamic performance, compromised myocardial viability due to increased myocardial O2

requirements, and predisposition to even more serious rhythm disturbances due to diminished ventricular
fibrillation threshold.
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Abbreviation: AV = atrioventricular.

Table 49–12

Early Dysrhythmias after Acute Myocardial Infarction

Dysrhythmia Frequency of Occurrence (%)

Bradydysrhythmias

Sinus bradycardia 35–40

First-degree AV block 4–15

Second-degree AV block, type I 4–10

Second-degree AV block, type II 0.5–1.0

Third-degree AV block 5–8

Asystole 1–5

Tachydysrhythmias

Sinus tachycardia 30–35

Atrial premature contractions 50

Supraventricular tachycardia 2–9

Atrial fibrillation 4–10

Atrial flutter 1–2

Ventricular premature beats 99

Accelerated idioventricular rhythm 50–70

Ventricular tachycardia, nonsustained 60–69

Ventricular tachycardia, sustained 2–6

Ventricular fibrillation 4–7
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The hemodynamic consequences of dysrhythmias are dependent on ventricular function. Patients with left
ventricular dysfunction have a relatively fixed stroke volume. They depend on changes in heart rate to alter
cardiac output. The range of heart rate that is optimal becomes narrowed with increasing dysfunction.
Slower or faster heart rates may further depress cardiac output.

In addition, maintenance of the atrial filling of the ventricle (or "the atrial kick") is important for patients with
AMI. Patients with normal hearts have a loss of 10% to 20% of left ventricular output when the atrial kick is
eliminated. Patients with reduced left ventricular compliance, common in AMI, have up to 35% reduction in
stroke volume when the atrial systole is eliminated. "Pump" failure with resultant increased sympathetic
stimulation can also result in sinus tachycardia, atrial fibrillation or flutter, and supraventricular tachycardias.

Sinus tachycardia is quite prominent in patients with anterior wall AMI. Because of increased myocardial
O2 use, persistent sinus tachycardia is associated with a poor prognosis in AMI; seek the cause and

resolve it. Causes may include anxiety, pain, left ventricular failure, fever, pericarditis, hypovolemia, atrial
infarction, pulmonary emboli, or use of medications that accelerate heart rate. Similarly, paroxysmal
supraventricular tachycardia, atrial fibrillation, and atrial flutter are associated with an increased mortality.

Atrial fibrillation associated with AMI most typically occurs in the first 24 hours and is usually transient. It
more often occurs in patients with excess catecholamine release, hypokalemia, hypomagnesemia, hypoxia,
chronic lung disease, and sinus node or left circumflex ischemia. Patients with supraventricular tachycardia,
atrial fibrillation, or atrial flutter who have hemodynamic compromise are best treated with direct current
cardioversion (see chapter 18). Patients who are partially/fully compensated or who do not respond to

cardioversion can receive amiodarone or-β-adrenergic antagonists to slow the ventricular rate65 absent any
contraindications. Patients with ongoing ischemia but without hemodynamic compromise, clinical left
ventricular dysfunction, reactive airway disease, or heart block should have rate control with β-adrenergic
antagonists, such as atenolol (2.5 to 5.0 milligrams over 2 minutes to a total of 10 milligrams) or metoprolol
(2.5 to 5.0 milligrams every 2 to 5 minutes to a total of 15 milligrams). Patients with contraindications to β-
adrenergic antagonists can be treated with digoxin (0.3- to 0.5-milligram initial bolus with a repeat dose in 4

hours) or a calcium channel antagonist.5 Anticoagulate patients with atrial fibrillation and AMI to limit
systemic embolization.

Sinus bradycardia without hypotension does not appear to increase mortality during AMI. Prognosis is
related to the site of infarction, the site of the block (intranodal vs infranodal), the type of escape rhythm,
and the hemodynamic response to the rhythm. Atropine is used for sinus bradycardia when it results in
hypotension, ischemia, or ventricular escape rhythms and for treatment of symptomatic atrioventricular
block occurring at the atrioventricular nodal level (such as second-degree type I). Atropine can improve
heart rate, systemic vascular resistance, and blood pressure; use it with caution in the setting of AMI since
the parasympathetic tone is protective against infarct extension, ventricular fibrillation, and excessive
myocardial O2 demand.

Complete heart block can occur in patients with anterior and inferior AMI, because the AV conduction
system receives blood supply from the atrioventricular branch of the right coronary artery and the septal
perforating branch of the left anterior descending coronary artery. In the absence of right ventricularLoading [Contrib]/a11y/accessibility-menu.js
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Abbreviations: AV = atrioventricular; LBBB = left bundle-branch block; RBBB = right bundle-branch block.

involvement, the mortality is approximately 15%. It rises to >30% when right ventricular involvement is
present. Complete heart block in the setting of an anterior myocardial infarction portends a grave prognosis.
Junctional rhythms are usually transient and occur within 48 hours of infarction.

The increased mortality in patients with heart block during AMI is related to more extensive myocardial
damage and not to the heart block itself. As a result, pacing does not reduce mortality in patients with
atrioventricular block or intraventricular conduction delay. Nonetheless, pacing is recommended to protect
against sudden hypotension, acute ischemia, and precipitation of ventricular dysrhythmias in certain
patients.

Use temporary transcutaneous pacers in patients at moderate to high risk of progression to
atrioventricular block (see Table 49-13). Transvenous pacing follows for patients with a high likelihood
(>30%) of requiring permanent pacing (Table 49-13). Patients with right ventricular infarction who are very
dependent on atrial systole may require atrioventricular sequential pacing to maintain cardiac output.

Table 49–13

Indications for Temporary Pacemaker Placement

Temporary transcutaneous pacemaker indications
Unresponsive symptomatic bradycardia

Mobitz II or higher AV blocks

New LBBB and bifascicular blocks

RBBB or LBBB with first-degree block

Some cases with stable bradycardia and new or indeterminate-age RBBB

Temporary transvenous pacemaker indications
Asystole

Unresponsive symptomatic bradycardia

Mobitz II or higher AV blocks

New or indeterminate-age LBBB

Alternating bundle-branch block

RBBB or LBBB with first-degree block

Consider in RBBB with left anterior or posterior hemiblocks

Overdrive pacing in unresponsive ventricular tachycardia

Unresponsive recurrent sinus pauses (>3 s)

Ventricular premature contractions are common in patients with AMI and are benign. Accelerated
idioventricular rhythms in patients with AMI do not affect prognosis or require treatment. Ventricular
tachycardia shortly after AMI is often transient and does not confer a poor prognosis. When ventricular
tachycardia occurs late in the course of AMI, it is usually associated with transmural infarction and left
ventricular dysfunction, induces hemodynamic deterioration, and is associated with a mortality rateLoading [Contrib]/a11y/accessibility-menu.js



approaching 50%. Primary ventricular fibrillation occurring shortly after symptom onset does not appear
to have a large effect on mortality and prognosis, as long as it is quickly and effectively treated. Delayed or
secondary ventricular fibrillation during hospitalization is associated with severe ventricular dysfunction and
75% in-hospital mortality.

New right bundle-branch block occurs in approximately 2% of AMI patients, most commonly with
anteroseptal AMI; it is associated with an increased mortality and complete atrioventricular block. New left
bundle-branch block occurs in <10% of patients with AMI and is also associated with a higher mortality
than in patients without left bundle-branch block. Recognizing STEMI in the presence of left bundle-branch

block is difficult,8 and due to this uncertainty and false catheterization lab activation, new or suspected new
left bundle-branch block alone has been removed from the most recent recommendations for emergency

perfusion.5 The left posterior fascicle is larger than the left anterior fascicle. Thus, left posterior hemiblock is
associated with a higher mortality than is isolated left anterior hemiblock, because it represents a larger
area of infarction. Bifascicular block (right bundle-branch block and a left hemiblock) has an increased
likelihood of progression to complete heart block; it represents a large infarction and has more frequent

pump failure and greater mortality.24 See chapter 18, "Cardiac Rhythm Disturbances" for more detail.

HEART FAILURE

Some 15% to 20% of patients with AMI present with some degree of heart failure. One third of these
patients have circulatory shock. In AMI, heart failure occurs from diastolic dysfunction alone or a
combination of systolic and diastolic dysfunction. Left ventricular diastolic dysfunction leads to pulmonary
congestion. Systolic dysfunction is responsible for decreased forward flow, reduced cardiac output, and
reduced ejection fraction. In general, the more severe the degree of left ventricular dysfunction, the higher
is the mortality. The degree of left ventricular dysfunction in any single patient depends on the net effect of
prior myocardial dysfunction (prior myocardial infarction or cardiomyopathy), baseline myocardial
hypertrophy, acute myocardial necrosis, and acute reversible myocardial dysfunction ("stunned
myocardium"). For further discussion, see chapters 53, "Acute Heart Failure" and 50, "Cardiogenic Shock."

Mortality for patients with AMI increases as cardiac output decreases or pulmonary congestion increases,
with mortality rates as follows: no heart failure, 10%; mild heart failure, 15% to 20%; frank pulmonary
edema, 40%; and cardiogenic shock, 50% to 80%. Elevated levels of B-type natriuretic peptide or pro-B-
type natriuretic peptide early in the hospital course portend a worse 30-day outcome.

The presence of shock in AMI results in a complex spiral relationship. Coronary obstruction leads to
myocardial ischemia, which impairs myocardial contractility and ventricular outflow. The resulting reduction
in arterial blood pressure leads to further decreases in coronary arterial perfusion, resulting in worsening
myocardial ischemia and more severe myocardial necrosis. Interruption of this downward spiral requires
careful attention to fluid management and the use of inotropic agents. Resolution of ischemia and
preventing or minimizing the area of stunned myocardium that progresses to infarction are imperative;
guidelines recommend that patients with STEMI and cardiogenic shock who are <75 years of age should be

considered for PCI.5 For further discussion, see chapters 50 and 53.
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MECHANICAL COMPLICATIONS

Sudden decompensation of previously stable patients should raise concern for the mechanical
complications of AMI. These complications usually involve the tearing or rupture of infarcted tissue, not
seen in unstable angina. The clinical presentation of these entities depends on the site of rupture (papillary
muscles, interventricular septum, or ventricular free wall).

Ventricular free wall rupture occurs in 10% of AMI fatalities, usually 1 to 5 days after infarction. Rupture of
the left ventricular free wall usually leads to pericardial tamponade and death (in >90% of cases). Patients
may complain of tearing pain or sudden onset of severe pain. They will be hypotensive and tachycardic and
may have onset of confusion and agitation. Increased neck veins, decreased heart sounds, and pulsus
paradoxus may be present. In the ED, echocardiography is the diagnostic test of choice. Near equalization
of right atrial, right ventricular mid-diastolic, and right ventricular systolic pressures on pulmonary artery
catheterization is also useful but seldom available in the ED. Treatment is surgical.

Rupture of the interventricular septum is more often detected clinically than rupture of the ventricular
free wall. The size of the defect determines the degree of left-to-right shunt and the ultimate prognosis.
Clinically, interventricular septal rupture presents with chest pain, dyspnea, and sudden appearance of a
new holosystolic murmur. The murmur is usually accompanied by a palpable thrill and is heard best at the
lower left sternal border. Doppler echocardiography is the diagnostic procedure of choice. Demonstration of
left-to-right shunt by pulmonary catheter blood sampling may be useful. An O2 step-up of >10% from right

atrial to right ventricular samples is diagnostic. Rupture of the interventricular septum is more common in
patients with anterior wall myocardial infarction and patients with extensive (three-vessel) coronary artery
disease. Treatment is surgical.

Papillary muscle rupture occurs in approximately 1% of patients with AMI, is more common with inferior
myocardial infarction, and usually occurs 3 to 5 days after AMI. In contrast to rupture of the interventricular
septum, papillary muscle rupture often occurs with a small- to modest-sized AMI. Patients present with
acute onset of dyspnea, increasing heart failure and pulmonary edema, and a new holosystolic murmur
consistent with mitral regurgitation. The posteromedial papillary muscle is most commonly ruptured,
because it receives blood supply from one coronary artery, usually the right coronary artery.
Echocardiography often can distinguish rupture of a portion of the papillary muscle from other etiologies of

mitral regurgitation. Treatment is surgical.5,6

PERICARDITIS

In the era of PCI intervention, early post-AMI pericarditis occurs in less than 5% of patients,66 a drop from
20% since the 1980s. It is more common in patients with transmural AMI and delayed initial presentations.
Pericarditis results from inflammation adjacent on the epicardial surface of a transmural infarction, often 2
to 4 days after AMI. Pericardial friction rubs are detected more often with inferior wall and right ventricular
infarction, because the right ventricle lies immediately beneath the chest wall. The pain of pericarditis can
be confused with that of infarct extension or post-AMI angina. Classically, the discomfort of pericarditis
becomes worse with a deep inspiration and may be relieved by sitting forward.
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Echocardiography may demonstrate a pericardial effusion, but pericardial effusions are much more
common than pericarditis and often are present in the absence of pericarditis. Similarly, pericarditis can be
present in the absence of a pericardial effusion. The resorption rate of post-AMI pericardial effusions is
slow, often taking several months. Treatment is symptomatic with aspirin, 650 milligrams PO every 4 to 6
hours, or colchicine, 0.6 mg twice daily. Ibuprofen is not recommended because it interferes with the
antiplatelet effect of aspirin and can cause myocardial scar thinning and infarct expansion. Dressler's
syndrome (late post-AMI syndrome) occurs 2 to 10 weeks after AMI and presents with chest pain, fever,

and pleuropericarditis. Dressler's syndrome is treated with aspirin and colchicine.67

RIGHT VENTRICULAR INFARCTION

Isolated right ventricular infarction is extremely rare and is usually seen as a complication of an inferior
infarction. The right ventricle most commonly receives its blood supply from the right coronary artery. In
patients with left dominant systems, the blood supply may come from the left circumflex. The anterior
portion of the right ventricle is supplied by branches of the left anterior diagonal artery. Approximately 30%
of inferior wall myocardial infarction involves the right ventricle. The presence of right ventricular infarction
is associated with a significant increase in mortality and cardiovascular complications. Right ventricular
infarction can be diagnosed by the presence of ST-segment elevation in the precordial V4R lead in the

setting of an inferior wall myocardial infarction (Figure 49-4). The presence of elevated neck veins or
hypotension in response to nitroglycerin is also suggestive. Echocardiography or nuclear imaging can be
diagnostic, but they are less readily available in the ED.

The most serious complication of right ventricular infarction is shock. The severity of the hemodynamic
derangement in the setting of right ventricular infarction is related to the extent of right ventricular
dysfunction, the interaction between the ventricles (the right and left ventricles share the interventricular
septum), and the interaction between the pericardium and the right ventricle. Right ventricular infarction
results in a reduction in right ventricular end-systolic pressure, left ventricular end-diastolic size, cardiac
output, and aortic pressure as the right ventricle becomes more of a passive conduit to blood flow. Left
ventricular contraction causes bulging of the interventricular septum into the right ventricle, with resultant
ejection of blood into the pulmonary circulation. As a result, right ventricular infarction with concurrent left
ventricular infarction has a particularly devastating effect on hemodynamic function. Fluid balance and
maintenance of adequate preload are critical in the treatment of right ventricular infarction. Factors that
reduce preload (volume depletion, diuretics, and nitrates) or decrease right atrial contraction (atrial
infarction and loss of atrioventricular synchrony) and factors that increase right ventricular afterload (left
ventricular failure) can lead to significant hemodynamic derangements.

Treatment of right ventricular infarction includes maintenance of preload, reduction of right ventricular
afterload, and inotropic support of the ischemic right ventricle, in addition to early reperfusion. Patients with
right ventricular infarction should not be treated with drugs, such as nitrates, that reduce preload. In the
setting of right ventricular infarction, nitrates often will reduce cardiac output and produce
hypotension. Instead, patients with marginal preload or hypotension should be treated with volume loading
(normal saline). The increased preload will improve right ventricular cardiac output. If cardiac output is not
improved after 1 to 2 L of normal saline, begin inotropic support with dobutamine.Loading [Contrib]/a11y/accessibility-menu.js



High-degree heart block is very common in patients with right ventricular infarction. The loss of right atrial
contraction can greatly compromise right ventricular cardiac output. Restitution of atrioventricular synchrony
is important. Patients who do not attain hemodynamic improvement after placement of a ventricular pacer
may still improve with atrioventricular sequential pacing.

When right ventricular infarction is accompanied by left ventricular dysfunction, the use of nitroprusside to
reduce afterload or intra-aortic balloon counterpulsation may be of benefit. Reduction in left ventricular
afterload may help passive movement of blood through the right ventricle.

OTHER COMPLICATIONS

Other complications of AMI that occur but are not usually seen in the ED include left ventricular thrombus
formation, arterial embolization, venous thrombosis, pulmonary embolism, postinfarction angina, and infarct
extension. With the more rapid discharge of uncomplicated AMI patients, keep these possibilities in mind
for patients who return to the ED shortly after hospital discharge.

RECURRENT OR REFRACTORY ISCHEMIA

Patients unresponsive to medical management with continued ischemia require an individualized approach
to treatment. Depending on the infarct distribution and coronary anatomy, decisions could be made
regarding continued medical management, rescue angioplasty, or coronary artery bypass grafting.
Refractory ischemia is investigated with coronary catheterization. Treat patients with ACS after stent
placement with antithrombin and antiplatelet therapy, and these patients may require urgent coronary
catheterization.

In situations where emergent catheterization is not available or the patient is hemodynamically unstable, an
intra-aortic balloon pump may be used. Intra-aortic balloon counterpulsation delivers phased pulsations
synchronized to the electrocardiograph, so that balloon inflation will occur at the time of aortic valve closure
and deflation occurs just before onset of systole. The augmented coronary perfusion pressure during
diastole enhances coronary blood flow. Balloon deflation during systole allows the left ventricle to eject
blood against a lower resistance. The net effect of intra-aortic balloon counterpulsation is an increase in
cardiac output, reduction in systolic arterial pressure, increase in diastolic arterial pressure, little change in
mean arterial pressure, and reduction in heart rate. The reduction in left ventricular afterload leads to
reduced myocardial O2 consumption, thereby decreasing the amount of myocardial ischemia. Intra-aortic

balloon counterpulsation is recommended for patients with ACS who are refractory to aggressive medical
management or are hemodynamically unstable as a means to bridge a patient's stability en route to
definitive treatment.

SPECIAL POPULATIONS
POSTPROCEDURE CHEST PAIN

Patients who present with symptoms of an ACS shortly after PCIs, such as angioplasty or stent
placement, should be assumed to have had abrupt vessel closure, until proven otherwise. SubacuteLoading [Contrib]/a11y/accessibility-menu.js



thrombotic occlusion after stent placement occurs in approximately 4% of patients 2 to 14 days
postprocedure. Bare metal stents are more likely to restenose in the short term. Drug-eluting stents
are more likely to present with late stent thrombosis after cessation of daily clopidogrel, 9 to 12
months later. Treat patients aggressively for an ACS, and obtain emergent cardiology consultation.
Patients with chest pain syndromes after coronary artery bypass grafting also may have abrupt vessel
closure. However, symptoms of recurrent ischemia can be confused with post-AMI pericarditis, as
discussed above.

COCAINE- AND AMPHETAMINE-INDUCED ACUTE CORONARY SYNDROME

AMI occurs in approximately 6% of patients who present to the ED with chest pain after cocaine use.
Cocaine-associated myocardial infarction occurs in younger patients, but over the past two decades, the

average age has increased from 38 years68 to 50 years,69 highlighting the increased use of cocaine in
middle-age patients. The initial evaluation of the patient with suspected cocaine-associated myocardial
infarction should begin as recommended in the "History and Associated Symptoms" and "Physical
Examination" sections of this chapter. The sensitivity, specificity, positive predictive value, and negative
predictive value of the ECG to identify cocaine-associated MI are 36%, 89.9%, 17.9%, and 95.8%,

respectively.70 Cardiac troponin is the most sensitive biomarker for cocaine-associated myocardial
infarction. Aspirin, nitrates, and benzodiazepines are the mainstays of therapy for initial stabilization; β-

blockers are contraindicated in the first 24 hours.70 Patients with cocaine-associated STEMI are best

managed with PCI.70 Antithrombotic and antiplatelet therapy may be given according to current guidelines
for non–cocaine-related ACS.

There are fewer cases of amphetamine-induced MI to guide therapy and no care guidelines. The initial
ECG may be unreliable in the setting of methamphetamine-related ACS, with false-positive ST-segment
elevation prompting unneeded thrombolytic therapy. In one case series of 33 patients admitted for chest
pain who were methamphetamine positive, nine (25%) were diagnosed with ACS (positive markers or
required revascularization). Three patients (8%) (two ACS and one non-ACS) suffered cardiac
complications (ventricular fibrillation, ventricular tachycardia, and supraventricular tachycardia,
respectively). Only one patient had Q-wave myocardial infarction treated with PCI. Medical management
was the mainstay of therapy.

ACUTE MEDICAL DISORDERS ASSOCIATED WITH ACUTE CORONARY SYNDROME

Those with GI bleeding,71 stroke,72,73 and severe infection have a higher frequency of ACS74; even those
with disorders considered otherwise benign, such as acute anxiety or emotional upset, have a higher

frequency of MI.75 In the case of stroke and GI bleeding, the primary disease process (which came first) is
sometimes unclear or underdiagnosed until late in the patient's course. In a group of patients admitted to
the intensive care unit for GI bleeding, approximately 13% sustained MI; however, this did not affect
mortality in this intensive care unit population. A case-control study found increased risk of death in patients
with GI bleeding meeting criteria for myocardial infarction when compared with those with negative markers

(33% vs 8%).71 In general, treatment of the GI bleed takes priority, which precludes the major treatmentsLoading [Contrib]/a11y/accessibility-menu.js
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for AMI. For patients with acute ischemic stroke, 17% have positive troponin assessment, which is
associated with 3.2 relative risk of death compared with patients with normal troponin. The risk of

stroke complicating the course of AMI has been formerly reported as 2.4% to 3.5%,76 but with improved
treatments for AMI, the risk has dropped to 0.6% to 1.8%. Hospital mortality in patients with stroke after
AMI is high (17% to 27%). ECG abnormalities are common in patients with subarachnoid hemorrhage, and
elevated troponin levels occur in 28%, with over half of these demonstrating transient left ventricular
dysfunction. However, simultaneous STEMI is not common with a subarachnoid hemorrhage.
Approximately 50% of patients with severe sepsis and septic shock have impairment of left ventricular

systolic function, frequently with an elevated troponin level.75 AMI occurs in 5.3% of patients hospitalized

with community-acquired pneumonia, with the risk increasing to 15% in those with severe pneumonia.77

For all patients with dual or multiple acute medical issues, individualize management and weigh the risks of
AMI guideline therapies. When indicated, use PCI over thrombolysis to identify the lesion and need for
additional therapy.

AFTER HOURS AND WEEKEND PRESENTATIONS

The management of patients with ACS is time sensitive and intensive. Patients who present "after hours"
and on weekends wait longer for interventions, and this has an adverse impact on outcome. Patients who
present when the ED is busy with other ill patients (e.g., trauma patients) or in settings with increased
health system dysfunction and high levels of ED boarding, as well as patients who are not expeditiously

transferred to an inpatient bed, have worse outcomes.78,79,80 Systems solutions to improve hospital flow
for patients with ACS will help optimize the care of patients with ACSs.
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