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is indicated to alleviate symptoms of bradycardia. Consensus guidelines published by the American Heart Association (AHA)/American
College of Cardiology/Heart Rhythm Society (ACC/HRS) outline the
indications for the use of pacemakers and categorize them by class
based on levels of evidence. Class I conditions are those for which
there is evidence or consensus of opinion that therapy is useful
and effective. In class II conditions, there is conflicting evidence or
a divergence of opinion about the efficacy of a procedure or treatment; in class IIa conditions, the weight of evidence or opinion
favors treatment; and in class IIb conditions, efficacy is less well
established by the evidence or opinion of experts. In class III conditions, the evidence or weight of opinion indicates that the therapy
is not efficacious or useful and may be harmful.
Class I indications for pacing in SA node dysfunction include
documented symptomatic bradycardia, sinus node dysfunction–
associated long-term drug therapy for which there is no alternative,
and symptomatic chronotropic incompetence. Class IIa indications
include those outlined previously in which sinus node dysfunction
is suspected but not documented and for syncope of unexplained
origin in the presence of major abnormalities of SA node dysfunction. Mildly symptomatic individuals with heart rates consistently
<40 beats/min constitute a class IIb indication for pacing. Pacing is
not indicated in patients with SA node dysfunction who do not have
symptoms and in those in whom bradycardia is associated with the
use of nonessential drugs (Table 274-2).
There is some controversy about the mode of pacing that should
be employed in SA node disease. A number of randomized, singleblind trials of pacing mode have been performed. There are no
trials that demonstrate an improvement in mortality rate with AV
synchronous pacing compared with single-chamber pacing in SA
node disease. In some of these studies, the incidence of atrial fibrillation and thromboembolic events was reduced with AV synchronous
pacing. In trials of patients with dual-chamber pacemakers designed
to compare single-chamber with dual-chamber pacing by crossover
design, the need for AV synchronous pacing due to pacemaker
syndrome was common. Pacing modes that preserve AV synchrony
appear to be associated with a reduction in the incidence of atrial
fibrillation and improved quality of life. Because of the low but finite
TABLE 274-2 S ummary of Guidelines for Pacemaker Implantation in
SA Node Dysfunction
Class I
1. SA node dysfunction with symptomatic bradycardia or sinus pause
2. Symptomatic SA node dysfunction as a result of essential long-term drug
therapy with no acceptable alternatives
3. Symptomatic chronotropic incompetence
4. Atrial fibrillation with bradycardia and pauses >5 s
Class IIa
1. SA node dysfunction with heart rates <40 beats/min without a clear and
consistent relationship between bradycardia and symptoms
2. SA node dysfunction with heart rates <40 beats/min on an essential longterm drug therapy with no acceptable alternatives, without a clear and
consistent relationship between bradycardia and symptoms
3. Syncope of unknown origin when major abnormalities of SA node
dysfunction are discovered or provoked by electrophysiologic testing
Class IIb
1. Mildly symptomatic patients with waking chronic heart rates
<40 beats/min
Class III
1. SA node dysfunction in asymptomatic patients, even those with heart
rates <40 beats/min
2. SA node dysfunction in which symptoms suggestive of bradycardia are
not associated with a slow heart rate
3. SA node dysfunction with symptomatic bradycardia due to nonessential
drug therapy
Source: Modified from AE Epstein et al: J Am Coll Cardiol 51:e1, 2008 and CM Tracy et al:
J Am Coll Cardiol 61:e6, 2013.
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incidence of AV conduction disease, patients with SA node dysfunction usually undergo dual-chamber pacemaker implantation.
Pacemaker Therapy in Carotid Sinus Hypersensitivity and Vasovagal
Syncope Carotid sinus hypersensitivity, if accompanied by a significant cardioinhibitory component, responds well to pacing. In this circumstance, pacing is required only intermittently and single-chamber ventricular pacing is often sufficient. The mechanism of vasovagal
syncope is incompletely understood but appears to involve activation
of cardiac mechanoreceptors with consequent activation of neural
centers that mediate vagal activation and withdrawal of sympathetic
nervous system tone. Several randomized clinical trials have been
performed in patients with drug-refractory vasovagal syncope, with
some studies suggesting reduction in the frequency and the time to
recurrent syncope in patients who were paced compared with those
who were not. A recent follow-up study to one of those initial trials,
however, found less convincing results, casting some doubt on the
utility of pacing for vagally mediated syncope.
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Impulses generated in the sinoatrial (SA) node or in ectopic atrial loci
are conducted to the ventricles through the electrically and anatomically complex atrioventricular (AV) node. As described in Chap. 274,
the electrophysiologic properties of nodal tissue are distinct from atrial
and ventricular myocardium. Cells located in the AV node sit at a
relatively higher resting membrane potential than surrounding atrial
and ventricular myocytes, exhibit spontaneous depolarization during
phase 4 of the action potential, and have slower phase 0 depolarization
(mediated by calcium influx in nodal tissue) than that seen in ventricular tissue (mediated by sodium influx).
Bradycardia may occur when conduction across the AV node is compromised, resulting in ineffective ventricular rates, with the possibility of
attendant symptoms, including fatigue, syncope, and (if subsidiary pacemaker activity is insufficient) even death. It is important to recognize
that in the setting of disturbed AV conduction, SA activation and atrial
systole may occur at normal or even accelerated rates, while ventricular
activation is either slowed or nonexistent. Transient AV conduction
block is common in the young and is most likely the result of high vagal
tone found in up to 10% of young adults. Acquired and persistent failure
of AV conduction is decidedly rare in healthy adult populations, with
an estimated incidence of 200 per million population per year. In the
setting of myocardial ischemia, aging and fibrosis, or cardiac infiltrative
diseases, however, persistent AV block is much more common.
As with symptomatic bradycardia arising from SA node dysfunction, permanent pacing is the only reliable therapy for symptoms
arising from AV conduction block. Approximately 50% of the 150,000
permanent pacemakers implanted in the United States and 70–80% of
those in Europe are implanted for disorders of AV conduction.
STRUCTURE AND PHYSIOLOGY OF THE AV NODE
The AV conduction axis is structurally complex, involving the atria
and ventricles as well as the AV node. Unlike the SA node, the AV
node is a subendocardial structure originating in the transitional zone,
which is composed of aggregates of cells in the posterior-inferior right
atrium. Superior, medial, and posterior transitional atrionodal bundles
converge on the compact AV node. The compact AV node (~1 × 3 ×
5 mm) is situated at the apex of the triangle of Koch, which is defined
by the coronary sinus ostium posteriorly, the septal tricuspid valve
annulus anteriorly, and the tendon of Todaro superiorly. The compact
AV node continues as the penetrating AV bundle where it immediately traverses the central fibrous body and is in close proximity to the
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