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rightward than +110–120°) is extremely rare as an isolated finding 1455
and requires exclusion of other factors causing right axis deviation
mentioned earlier.
More complex combinations of fascicular and bundle branch blocks
may occur that involve the left and right bundle system. Examples of
bifascicular block include right bundle branch block and left posterior
fascicular block, right bundle branch block with left anterior fascicular
block, and complete left bundle branch block. Chronic bifascicular
block in an asymptomatic individual is associated with a relatively low
risk of progression to high-degree AV heart block. In contrast, new
bifascicular block with acute anterior myocardial infarction carries a
much greater risk of complete heart block. Alternation of right and
left bundle branch block is a sign of trifascicular disease. However, the
presence of a prolonged PR interval and bifascicular block does not necessarily indicate trifascicular involvement, since this combination may
arise with AV node disease and bifascicular block. Intraventricular conduction delays also can be caused by extrinsic (toxic) factors that slow
ventricular conduction, particularly hyperkalemia or drugs (e.g., class
1 antiarrhythmic agents, tricyclic antidepressants, phenothiazines).
Prolongation of QRS duration does not necessarily indicate a
conduction delay but may be due to preexcitation of the ventricles
via a bypass tract, as in Wolff-Parkinson-White (WPW) patterns
(Chap. 276) and related variants. The diagnostic triad of WPW
consists of a wide QRS complex associated with a relatively short
PR interval and slurring of the initial part of the QRS (delta wave),
with the latter effect being due to aberrant activation of ventricular
myocardium. The presence of a bypass tract predisposes to reentrant
supraventricular tachyarrhythmias.
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Figure 268-10 Comparison of typical QRS-T patterns in right
bundle branch block (RBBB) and left bundle branch block (LBBB)
with the normal pattern in leads V1 and V6. Note the secondary T-wave
inversions (arrows) in leads with an rSR′ complex with RBBB and in
leads with a wide R wave with LBBB.

Electrocardiography
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MYOCARDIAL ISCHEMIA AND INFARCTION
(See also Chap. 295) The ECG is a cornerstone in the diagnosis of acute
and chronic ischemic heart disease. The findings depend on several
key factors: the nature of the process (reversible [i.e., ischemia] versus
irreversible [i.e., infarction]), the duration (acute versus chronic), the
extent (transmural versus subendocardial), and localization (anterior
versus inferoposterior), as well as the presence of other underlying
abnormalities (ventricular hypertrophy, conduction defects).
Ischemia exerts complex time-dependent effects on the electrical
properties of myocardial cells. Severe, acute ischemia lowers the resting
membrane potential and shortens the duration of the action potential.
Such changes cause a voltage gradient between normal and ischemic
zones. As a consequence, current flows between those regions. These
currents of injury are represented on the surface ECG by deviation of
the ST segment (Fig. 268-11). When the acute ischemia is transmural,
the ST vector usually is shifted in the direction of the outer (epicardial)
layers, producing ST elevations and sometimes, in the earliest stages of
ischemia, tall, positive so-called hyperacute T waves over the ischemic
zone. With ischemia confined primarily to the subendocardium, the ST
vector typically shifts toward the subendocardium and ventricular cavity, so that overlying (e.g., anterior precordial) leads show ST-segment
depression (with ST elevation in lead aVR). Multiple factors affect the
amplitude of acute ischemic ST deviations. Profound ST elevation or
depression in multiple leads usually indicates very severe ischemia.

function), hypertensive heart disease, aortic valve disease, and cardiomyopathy. Bundle branch blocks may be chronic or intermittent. A
bundle branch block may be rate-related; for example, it often occurs
when the heart rate exceeds some critical value.
Bundle branch blocks and depolarization abnormalities secondary to artificial pacemakers not only affect ventricular depolarization
(QRS) but also are characteristically associated with secondary repolarization (ST-T) abnormalities. With bundle branch blocks, the T
wave is typically opposite in polarity to the last deflection of the QRS
(Fig. 268-10). This discordance of the QRS–T-wave vectors is caused
by the altered sequence of repolarization that occurs secondary to
altered depolarization. In contrast, primary repolarization abnormalities are independent of QRS changes and are related instead to
actual alterations in the electrical properties of the myocardial fibers
themselves (e.g., in the resting membrane potential or action potential duration), not just to changes in the sequence of repolarization.
Ischemia, electrolyte imbalance, and drugs such as digitalis all cause
such primary ST–T-wave changes. Primary and secondary T-wave
changes may coexist. For example, T-wave inversions in the right
precordial leads with left bundle branch block or in the left precordial
leads with right bundle branch block may be important markers of
underlying ischemia or other abnormalities.
A distinctive abnormality simulating right
bundle branch block with ST-segment elevaA
B
tions in the right chest leads is seen with the
ST
Brugada pattern (Chap. 276).
ST
Partial blocks (fascicular or “hemiblocks”)
V5
in the left bundle system (left anterior or
V5
posterior fascicular blocks) generally do not
ST
prolong the QRS duration substantially but
instead are associated with shifts in the fronST
tal plane QRS axis (leftward or rightward,
respectively). Left anterior fascicular block Figure 268-11 Acute ischemia causes a current of injury. With predominant subendocar(QRS axis more negative than –45°) is prob- dial ischemia (A), the resultant ST vector will be directed toward the inner layer of the affected
ably the most common cause of marked ventricle and the ventricular cavity. Overlying leads therefore will record ST depression. With
left axis deviation in adults. In contrast, left ischemia involving the outer ventricular layer (B) (transmural or epicardial injury), the ST vector
posterior fascicular block (QRS axis more will be directed outward. Overlying leads will record ST elevation.
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