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Figure 268-8 Right atrial (RA) overload may cause tall, peaked
P waves in the limb or precordial leads. Left atrial (LA) abnormality may cause broad, often notched P waves in the limb leads and
a biphasic P wave in lead V1 with a prominent negative component
representing delayed depolarization of the LA. (After MK Park, WG
Guntheroth: How to Read Pediatric ECGs, 4th ed. St. Louis, Mosby/
Elsevier, 2006.)
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Figure 268-9  Left ventricular hypertrophy (LVH) increases the
amplitude of electrical forces directed to the left and posteriorly.
In addition, repolarization abnormalities may cause ST-segment
depression and T-wave inversion in leads with a prominent R wave.
Right ventricular hypertrophy (RVH) may shift the QRS vector to the
right; this effect usually is associated with an R, RS, or qR complex in
lead V1. T-wave inversions may be present in right precordial leads.

HPIM19_Part10_p1439-p1660.indd 1454

right ventricular volume overload, is commonly associated with an
incomplete or complete right bundle branch block pattern with a
rightward QRS axis.
Acute cor pulmonale due to pulmonary embolism (Chap. 300), for
example, may be associated with a normal ECG or a variety of abnormalities. Sinus tachycardia is the most common arrhythmia, although
other tachyarrhythmias, such as atrial fibrillation or flutter, may occur.
The QRS axis may shift to the right, sometimes in concert with the
so-called S1Q3T3 pattern (prominence of the S wave in lead I and the
Q wave in lead III, with T-wave inversion in lead III). Acute right ventricular dilation also may be associated with slow R-wave progression
and ST-T abnormalities in V1 to V4 simulating acute anterior infarction. A right ventricular conduction disturbance may appear.
Chronic cor pulmonale due to obstructive lung disease (Chap. 279)
usually does not produce the classic ECG patterns of right ventricular
hypertrophy noted above. Instead of tall right precordial R waves,
chronic lung disease more typically is associated with small R waves in
right-to-midprecordial leads (slow R-wave progression) due in part to
downward displacement of the diaphragm and the heart. Low-voltage
complexes are commonly present, owing to hyperaeration of the lungs.
A number of different voltage criteria for left ventricular hypertrophy
(Fig. 268-9) have been proposed on the basis of the presence of tall left
precordial R waves and deep right precordial S waves (e.g., SV1 + [RV5
or RV6] >35 mm). Repolarization abnormalities (ST depression with
T-wave inversions, formerly called the left ventricular “strain” pattern)
also may appear in leads with prominent R waves. However, prominent precordial voltages may occur as a normal variant, especially
in athletic or young individuals. Left ventricular hypertrophy may
increase limb lead voltage with or without increased precordial voltage
(e.g., RaVL + SV3 >20 mm in women and >28 mm in men). The presence of left atrial abnormality increases the likelihood of underlying
left ventricular hypertrophy in cases with borderline voltage criteria.
Left ventricular hypertrophy often progresses to incomplete or complete left bundle branch block. The sensitivity of conventional voltage
criteria for left ventricular hypertrophy is decreased in obese persons
and smokers. ECG evidence for left ventricular hypertrophy is a major
noninvasive marker of increased risk of cardiovascular morbidity and
mortality rates, including sudden cardiac death. However, because of
false-positive and false-negative diagnoses, the ECG is of limited utility
in diagnosing atrial or ventricular enlargement. More definitive information is provided by echocardiography (Chap. 270e).
BUNDLE BRANCH BLOCKS AND RELATED PATTERNS
Intrinsic impairment of conduction in either the right or the left
bundle system (intraventricular conduction disturbances) leads to prolongation of the QRS interval. With complete bundle branch blocks,
the QRS interval is ≥120 ms in duration; with incomplete blocks, the
QRS interval is between 100 and 120 ms. The QRS vector usually is
oriented in the direction of the myocardial region where depolarization is delayed (Fig. 268-10). Thus, with right bundle branch block,
the terminal QRS vector is oriented to the right and anteriorly (rSR′
in V1 and qRS in V6, typically). Left bundle branch block alters both
early and later phases of ventricular depolarization. The major QRS
vector is directed to the left and posteriorly. In addition, the normal
early left-to-right pattern of septal activation is disrupted such that
septal depolarization proceeds from right to left as well. As a result,
left bundle branch block generates wide, predominantly negative (QS)
complexes in lead V1 and entirely positive (R) complexes in lead V6.
A pattern identical to that of left bundle branch block, preceded by a
sharp spike, is seen in most cases of electronic right ventricular pacing
because of the relative delay in left ventricular activation.
Bundle branch block may occur in a variety of conditions. In subjects without structural heart disease, right bundle branch block is seen
more commonly than left bundle branch block. Right bundle branch
block also occurs with heart disease, both congenital (e.g., atrial septal
defect) and acquired (e.g., valvular, ischemic). Left bundle branch
block is often a marker of one of four underlying conditions associated with increased risk of cardiovascular morbidity and mortality
rates: coronary heart disease (frequently with impaired left ventricular
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