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Figure 268-14 Variability of ECG patterns with acute myocardial
ischemia. The ECG also may be normal or nonspecifically abnormal.
Furthermore, these categorizations are not mutually exclusive. (After
AL Goldberger et al: Goldberger’s Clinical Electrocardiography: A Simplified
Approach, 8th ed. Philadelphia, Elsevier/Saunders, 2013.)

Ischemia/myocardial infarction
 Noninfarction, transmural ischemia (Prinzmetal’s angina, and probably
Tako-tsubo syndrome, which may also exactly simulate classical acute
infarction)
Acute myocardial infarction
Postmyocardial infarction (ventricular aneurysm pattern)
Acute pericarditis
Normal variants (including benign “early repolarization” patterns)
Left ventricular hypertrophy/left bundle branch blocka
Other (rarer)
Acute pulmonary embolisma
 Brugada patterns (right bundle branch block–like pattern with ST elevations
in right precordial leads)a
Class 1C antiarrhythmic drugsa
DC cardioversion
Hypercalcemiaa
Hyperkalemiaa
Hypothermia (J [Osborn] waves)
Nonischemic myocardial injury
  Myocarditis
   Tumor invading left ventricle
   Trauma to ventricles
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Noninfarction
transmural ischemia
Transient ST elevations
or paradoxical T wave
normalization,
sometimes followed
by T wave
inversions
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TABLE 268-1 Differential Diagnosis of ST-Segment Elevations

Usually localized to V1–V2 or V3.

a

The ECG has important limitations in both sensitivity and specificity in the diagnosis of ischemic heart disease. Although a single normal
ECG does not exclude ischemia or even acute infarction, a normal
ECG throughout the course of an acute infarct is distinctly uncommon. Prolonged chest pain without diagnostic ECG changes therefore
should always prompt a careful search for other noncoronary causes
of chest pain (Chap. 19). Furthermore, the diagnostic changes of acute
or evolving ischemia are often masked by the presence of left bundle
branch block, electronic ventricular pacemaker patterns, and WolffParkinson-White preexcitation. However, clinicians continue to overdiagnose ischemia or infarction based on the presence of ST-segment
elevations or depressions; T-wave inversions; tall, positive T waves;
or Q waves not related to ischemic heart disease (pseudoinfarct patterns). For example, ST-segment elevations simulating ischemia may
occur with acute pericarditis or myocarditis, as a normal variant
(including the typical “early repolarization” pattern), or in a variety
of other conditions (Table 268-1). Similarly, tall, positive T waves do
not invariably represent hyperacute ischemic changes but may also be
caused by normal variants, hyperkalemia, cerebrovascular injury, and
left ventricular volume overload due to mitral or aortic regurgitation,
among other causes.
ST-segment elevations and tall, positive T waves are common findings in leads V1 and V2 in left bundle branch block or left ventricular
hypertrophy in the absence of ischemia. The differential diagnosis of
Q waves includes physiologic or positional variants, ventricular hypertrophy, acute or chronic noncoronary myocardial injury, hypertrophic
cardiomyopathy, and ventricular conduction disorders. Digoxin, ventricular hypertrophy, hypokalemia, and a variety of other factors may
cause ST-segment depression mimicking subendocardial ischemia.
Prominent T-wave inversion may occur with ventricular hypertrophy,
cardiomyopathies, myocarditis, and cerebrovascular injury (particularly intracranial bleeds), among many other conditions.
METABOLIC FACTORS AND DRUG EFFECTS
A variety of metabolic and pharmacologic agents alter the ECG and,
in particular, cause changes in repolarization (ST-T-U) and sometimes
QRS prolongation. Certain life-threatening electrolyte disturbances may
be diagnosed initially and monitored from the ECG. Hyperkalemia produces a sequence of changes (Fig. 268-15), usually beginning with narrowing and peaking (tenting) of the T waves. Further elevation of extracellular K+ leads to AV conduction disturbances, diminution in P-wave
amplitude, and widening of the QRS interval. Severe hyperkalemia
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Source: Modified from AL Goldberger et al: Goldberger’s Clinical Electrocardiography: A
Simplified Approach, 8th ed. Philadelphia, Elsevier/Saunders, 2013.

eventually causes cardiac arrest with a slow s inusoidal type of mechanism
(“sine-wave” pattern) followed by asystole. Hypokalemia (Fig. 268-16)
prolongs ventricular repolarization, often with prominent U waves.
Prolongation of the QT interval is also seen with drugs that increase
the duration of the ventricular action potential: class 1A antiarrhythmic
agents and related drugs (e.g., quinidine, disopyramide, procainamide,
tricyclic antidepressants, phenothiazines) and class III agents (e.g.,
amiodarone [Fig. 268-16], dofetilide, dronedarone, sotalol, ibutilide).
Marked QT prolongation, sometimes with deep, wide T-wave inversions, may occur with intracranial bleeds, particularly subarachnoid
hemorrhage (“CVA T-wave” pattern) (Fig. 268-16). Systemic hypothermia also prolongs repolarization, usually with a distinctive convex
elevation of the J point (Osborn wave). Hypocalcemia typically prolongs
the QT interval (ST portion), whereas hypercalcemia shortens it (Fig.
268-17). Digitalis glycosides also shorten the QT interval, often with a
characteristic “scooping” of the ST–T-wave complex (digitalis effect).
Many other factors are associated with ECG changes, particularly
alterations in ventricular repolarization. T-wave flattening, minimal
T-wave inversions, or slight ST-segment depression (“nonspecific
ST–T-wave changes”) may occur with a variety of electrolyte and acidbase disturbances, a number of infectious processes, central nervous
system disorders, endocrine abnormalities, many drugs, ischemia,
hypoxia, and virtually any type of cardiopulmonary abnormality.
Although subtle ST–T-wave changes may be markers of ischemia,
transient nonspecific repolarization changes may also occur after a
meal or with postural (orthostatic) change, hyperventilation, or exercise in healthy individuals.
LOW QRS VOLTAGE
Low QRS voltage is arbitrarily defined as peak-to-trough QRS amplitudes of ≤5 mm in the six limb leads and/or ≤10 mm in the chest leads.
Multiple factors may be responsible. Among the most serious include
pericardial (Fig. 268-18) or pleural effusions, chronic obstructive pulmonary disease, infiltrative cardiomyopathies, and anasarca.
ELECTRICAL ALTERNANS
Electrical alternans—a beat-to-beat alternation in one or more components of the ECG signal—is a common type of nonlinear cardiovascular response to a variety of hemodynamic and electrophysiologic
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