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Schematic of the cardiac conduction system.
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Figure 268-2 Basic ECG waveforms and intervals. Not shown is
the RR interval, the time between consecutive QRS complexes.

fibers (Chap. 274). The rapid upstroke (phase 0) of the action potential
corresponds to the onset of QRS. The plateau (phase 2) corresponds to
the isoelectric ST segment, and active repolarization (phase 3) corresponds to the inscription of the T wave. Factors that decrease the slope
of phase 0 by impairing the influx of Na+ (e.g., hyperkalemia and drugs
such as flecainide) tend to increase QRS duration. Conditions that prolong
phase 2 (amiodarone, hypocalcemia) increase the QT interval. In
contrast, shortening of ventricular repolarization (phase 2), such as by
digitalis administration or hypercalcemia, abbreviates the ST segment.
The ECG ordinarily is recorded on special graph paper that is
divided into 1-mm2 gridlike boxes. Since the usual ECG paper speed is
25 mm/s, the smallest (1 mm) horizontal divisions correspond to 0.04
(40 ms), with heavier lines at intervals of 0.20 s (200 ms). Vertically,
the ECG graph measures the amplitude of a specific wave or deflection (1 mV = 10 mm with standard calibration; the voltage criteria
for hypertrophy mentioned below are given in millimeters). There
are four major ECG intervals: RR, PR, QRS, and QT (Fig. 268-2).
The heart rate (beats per minute) can be computed readily from the
interbeat (RR) interval by dividing the number of large (0.20 s) time
units between consecutive R waves into 300 or the number of small
(0.04 s) units into 1500. The PR interval measures the time (normally
120–200 ms) between atrial and ventricular depolarization, which
includes the physiologic delay imposed by stimulation of cells in the
AV junction area. The QRS interval (normally 100–110 ms or less)
reflects the duration of ventricular depolarization. The QT interval
includes both ventricular depolarization and repolarization times and
varies inversely with the heart rate. A rate-related (“corrected”) QT
interval, QTc, can be calculated as QT/√RR and normally is ≤0.44 s.
(Some references give QTc upper normal limits as 0.43 s in men and
0.45 s in women. Also, a number of different formulas have been
proposed, without consensus, for calculating the QTc.)
The QRS complex is subdivided into specific deflections or waves.
If the initial QRS deflection in a particular lead is negative, it is termed
a Q wave; the first positive deflection is termed an R wave. A negative
deflection after an R wave is an S wave. Subsequent positive or negative waves are labeled R′ and S′, respectively. Lowercase letters (qrs) are
used for waves of relatively small amplitude. An entirely negative QRS
complex is termed a QS wave.

Electrocardiography

ECG WAVEFORMS AND INTERVALS
The ECG waveforms are labeled alphabetically, beginning with the
P wave, which represents atrial depolarization (Fig. 268-2). The
QRS complex represents ventricular depolarization, and the ST-T-U
complex (ST segment, T wave, and U wave) represents ventricular
repolarization. The J point is the junction between the end of the QRS
complex and the beginning of the ST segment. Atrial repolarization
(STa and Ta) is usually too low in amplitude to be detected, but it may
become apparent in conditions such as acute pericarditis and atrial
infarction.
The QRS-T waveforms of the surface ECG correspond in a general
way with the different phases of simultaneously obtained ventricular
action potentials, the intracellular recordings from single myocardial
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CHAPTER 268

ELECTROPHYSIOLOGY
(See also Chaps. 274 and 276) Depolarization of the heart is the initiating event for cardiac contraction. The electric currents that spread
through the heart are produced by three components: cardiac pacemaker cells, specialized conduction tissue, and the heart muscle itself.
The ECG, however, records only the depolarization (stimulation) and
repolarization (recovery) potentials generated by the “working” atrial
and ventricular myocardium.
The depolarization stimulus for the normal heartbeat originates
in the sinoatrial (SA) node (Fig. 268-1), or sinus node, a collection of
pacemaker cells. These cells fire spontaneously; that is, they exhibit
automaticity. The first phase of cardiac electrical activation is the
spread of the depolarization wave through the right and left atria, followed by atrial contraction. Next, the impulse stimulates pacemaker
and specialized conduction tissues in the atrioventricular (AV) nodal
and His-bundle areas; together, these two regions constitute the AV
junction. The bundle of His bifurcates into two main branches, the
right and left bundles, which rapidly transmit depolarization wavefronts to the right and left ventricular myocardium by way of Purkinje
fibers. The main left bundle bifurcates into two primary subdivisions:
a left anterior fascicle and a left posterior fascicle. The depolarization
wavefronts then spread through the ventricular wall, from endocardium to epicardium, triggering ventricular contraction.
Since the cardiac depolarization and repolarization waves have
direction and magnitude, they can be represented by vectors. Vector
analysis illustrates a central concept of electrocardiography: The ECG
records the complex spatial and temporal summation of electrical
potentials from multiple myocardial fibers conducted to the surface of
the body. This principle accounts for inherent limitations in both ECG
sensitivity (activity from certain cardiac regions may be canceled out
or may be too weak to be recorded) and specificity (the same vectorial
sum can result from either a selective gain or a loss of forces in opposite directions).

ECG LEADS
The 12 conventional ECG leads record the difference in potential
between electrodes placed on the surface of the body. These leads
are divided into two groups: six limb (extremity) leads and six chest
(precordial) leads. The limb leads record potentials transmitted onto
the frontal plane (Fig. 268-3A), and the chest leads record potentials
transmitted onto the horizontal plane (Fig. 268-3B).
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