hypotension and autonomic insufficiency. HUT is used most often
in patients with recurrent syncope, although it may be useful
in patients with single syncopal episodes with associated injury,
particularly in the absence of structural heart disease. In patients
with structural heart disease, HUT may be indicated in those with
syncope, in whom other causes (e.g., asystole, ventricular tachyarrhythmias) have been excluded. HUT has been suggested as a useful
tool in the diagnosis of and therapy for recurrent idiopathic vertigo,
chronic fatigue syndrome, recurrent transient ischemic attacks, and
repeated falls of unknown etiology in the elderly. Importantly, HUT
is relatively contraindicated in the presence of severe CAD with
proximal coronary stenoses, known severe cerebrovascular disease,
severe mitral stenosis, and obstruction to left ventricular outflow
(e.g., aortic stenosis).
Electrophysiologic testing is central to the understanding and
treatment of many cardiac arrhythmias. Indeed, most frequently,
electrophysiologic testing is interventional, providing both diagnosis and therapy. The indications for electrophysiologic testing fall
into several categories: to define the mechanism of an arrhythmia;
to deliver catheter-based ablative treatment; and to determine the
etiology of symptoms that may be caused by an arrhythmia (e.g.,
syncope, palpitations). The components of the electrophysiologic
test are baseline measurements of conduction under resting and
stressed (rate or pharmacologic) conditions and maneuvers, both
pacing and pharmacologic, to induce arrhythmias. A number of
sophisticated electrical mapping and catheter-guidance techniques
have been developed to facilitate catheter-based therapeutics in the
electrophysiology laboratory.
TREATMENT

Cardiac Arrhythmias

ANTIARRHYTHMIC DRUG THERAPY
The interaction of antiarrhythmic drugs with cardiac tissues and the
resulting electrophysiologic changes are complex. An incomplete
understanding of the effects of these drugs has produced serious
missteps that have had adverse effects on patient outcomes and
the development of newer pharmacologic agents. Currently, antiarrhythmic drugs have been relegated to an ancillary role in the treatment of most cardiac arrhythmias.
There are several explanations for the complexity of antiarrhythmic drug action: the structural similarity of target ion channels;
regional differences in the levels of expression of channels and
transporters, which change with disease; time and voltage dependence of drug action; and the effect of these drugs on targets other
than ion channels. Because of the limitations of any scheme to
classify antiarrhythmic agents, a shorthand that is useful in describing the major mechanisms of action is of some utility. Such a classification scheme was proposed in 1970 by Vaughan-Williams and
later modified by Singh and Harrison. The classes of antiarrhythmic
action are class I, local anesthetic effect due to blockade of Na+ current; class II, interference with the action of catecholamines at the
β-adrenergic receptor; class III, delay of repolarization due to inhibition of K+ current or activation of depolarizing current; and class IV,
interference with calcium conductance (Table 273e-2). Class I antiarrhythmics have been further subdivided based on the kinetics and
potency of Na+ channel binding; class Ia agents (quinidine, procainamide) are those with moderate potency and intermediate kinetics;
class Ib agents (lidocaine, mexiletine) are those with low potency
and rapid kinetics; and class Ic drugs (flecainide, propafenone) are
those with high potency and the slowest kinetics. The limitations of
the Vaughan-Williams classification scheme include multiple actions
of most drugs, overwhelming consideration of antagonism as a
mechanism of action, and the fact that several agents have none of
the four classes of action in the scheme.
CATHETER ABLATION
The use of catheter ablation is based on the principle that there is a
critical anatomic region of impulse generation or propagation that
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arrhythmias. The presence of a family history of serious ventricular
arrhythmias or premature sudden death will influence the evaluation of presumed heritable arrhythmias.
The physical examination is focused on determining whether
there is cardiopulmonary disease that is associated with specific
cardiac arrhythmias. The absence of significant cardiopulmonary
disease often, but not always, suggests benignity of the rhythm
disturbance. In contrast, palpitations, syncope, or near syncope in
the setting of significant heart or lung disease have more ominous
implications. In addition, the physical examination may reveal the
presence of a persistent arrhythmia such as atrial fibrillation.
The judicious use of noninvasive diagnostic tests is an important
element in the evaluation of patients with arrhythmias, and there
is no test more important than the ECG, particularly if recorded
at the time of symptoms. Uncommon but diagnostically important
signatures of electrophysiologic disturbances may be unearthed on
the resting ECG, such as delta waves in Wolff-Parkinson-White
(WPW) syndrome, prolongation or shortening of the QT interval,
right precordial ST-segment abnormalities in Brugada syndrome,
and epsilon waves in arrhythmogenic right ventricular dysplasia.
Variants of body surface ECG recording can provide important
information about arrhythmia substrates and triggers. Holter
monitoring and event recording, either continuous or intermittent, record the body surface ECG over longer periods, enhancing
the possibility of observing the cardiac rhythm during symptoms.
Holter monitoring is particularly useful in assessing daily symptoms thought to be attributable to arrhythmia or for quantifying
a particular arrhythmia phenomenon (e.g., premature ventricular
complex burden). Ambulatory event monitors are indicated when
symptoms thought to be due to arrhythmia occur less frequently
(i.e., several episodes per month), and, because the monitors are
typically patient-activated, they are optimal for correlating symptoms with rhythm disturbances. Implantable long-term monitors
permit prolonged telemetric monitoring both for diagnosis and to
assess the efficacy of therapy. Implantable monitors are typically
used for the evaluation of malignant symptoms that occur quite
infrequently and that cannot be provoked at diagnostic electrophysiology study.
Exercise electrocardiography is important in determining the
presence of myocardial demand ischemia; more recently, analysis
of the morphology of the QT interval with exercise has been used
to assess the risk of serious ventricular arrhythmias. The exercise
ECG may be particularly useful in patients with symptoms that
occur during activity. Cardiac imaging plays an important role in
the detection and characterization of myocardial structural abnormalities that may render the heart more susceptible to arrhythmia.
Ventricular tachyarrhythmias, for instance, occur more frequently
in patients with ventricular systolic dysfunction and chamber dilation, in hypertrophic cardiomyopathy, and in the setting of infiltrative diseases such as sarcoidosis. Supraventricular arrhythmias may
be associated with particular congenital conditions, including AV
reentry in the setting of Ebstein’s anomaly. Echocardiography is a
frequently employed imaging technique to screen for disorders of
cardiac structure and function. Increasingly, magnetic resonance
imaging of the myocardium is being used to screen for scar burden,
fibrofatty infiltration of the myocardium as seen in arrhythmogenic
right ventricular cardiomyopathy, and other structural changes that
affect arrhythmia susceptibility.
Head-up tilt (HUT) testing is useful in the evaluation of patients
with syncope in whom there is a suspicion that exaggerated vagal
tone or vasodepression may play a causal role. The physiologic
response to HUT is incompletely understood; however, redistribution of blood volume and increased ventricular contractility occur
consistently. Exaggerated activation of a central reflex in response
to HUT produces a stereotypic response of an initial increase in
heart rate, then a drop in blood pressure followed by a reduction in
heart rate characteristic of neurally mediated hypotension. Other
responses to HUT may be observed in patients with orthostatic

