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Autonomic
Carotid sinus hypersensitivity

Vasovagal

Metabolic/Endocrine
Hyperkalemia
Hypermagnesemia

Hypothyroidism
Adrenal insufficiency

Drug-Related
Beta blockers
Calcium channel blockers
Digitalis

Adenosine
Antiarrhythmics (class I and III)
Lithium

Infectious
Endocarditis
Lyme disease
Chagas' disease
Syphilis
Heritable/Congenital
Congenital heart disease
Maternal SLE
Kearns-Sayre syndrome, OMIM
#530000
Myotonic dystrophy
 Type 1, OMIM #160900
(19q13.2-13.3)
 Type 2, OMIM #602668
(3q13.3-q24)
Inflammatory
SLE
Rheumatoid arthritis

Tuberculosis
Diphtheria
Toxoplasmosis

Facioscapulohumeral MD, OMIM
#158900 (4q35)
Emery-Dreifuss MD, OMIM
#310300 (Xq28)
Progressive familial heart block,
type IA OMIM #113900 (3p21)
Progressive familial heart block,
type IB, OMIM #604559 (19q13.32)
Progressive familial heart block,
type II, OMIM %140400
MCTD
Scleroderma

Infiltrative
Amyloidosis
Sarcoidosis

Hemochromatosis

Neoplastic/Traumatic
Lymphoma
Mesothelioma
Melanoma

Radiation
Catheter ablation

Degenerative
Lev's disease

The Bradyarrhythmias: Disorders of the Atrioventricular Node

ETIOLOGY OF AV CONDUCTION DISEASE
Conduction block from the atrium to the ventricle can occur for a
variety of reasons in a number of clinical situations, and AV conduction block may be classified in a number of ways. The etiologies
may be functional or structural, in part analogous to extrinsic and
intrinsic causes of SA nodal dysfunction. The block may be classified
by its severity from first to third degree or complete AV block or by
the location of block within the AV conduction system. Table 275-1
summarizes the etiologies of AV conduction block. Those that are
functional (autonomic, metabolic/endocrine, and drug-related) tend
to be reversible. Most other etiologies produce structural changes, typically fibrosis, in segments of the AV conduction axis that are generally
permanent. Heightened vagal tone during sleep or in well-conditioned
individuals can be associated with all grades of AV block. Carotid
sinus hypersensitivity, vasovagal syncope, and cough and micturition
syncope may be associated with SA node slowing and AV conduction
block. Transient metabolic and endocrinologic disturbances as well as
a number of pharmacologic agents also may produce reversible AV
conduction block.
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Table 275-1 Etiologies of Atrioventricular Block
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aortic, mitral, and tricuspid valve annuli; thus, it is subject to injury
in the setting of valvular heart disease or its surgical treatment. The
penetrating AV bundle continues through the annulus fibrosis and
emerges along the ventricular septum adjacent to the membranous
septum as the bundle of His. The right bundle branch (RBB) emerges
from the distal AV bundle in a band that traverses the right ventricle
(moderator band). In contrast, the left bundle branch (LBB) is a broad
subendocardial sheet of tissue on the septal left ventricle. The Purkinje
fiber network emerges from the RBB and LBB and extensively ramifies
on the endocardial surfaces of the right and left ventricles, respectively.
The blood supply to the penetrating AV bundle is from the AV
nodal artery and first septal perforator of the left anterior descending
coronary artery. The bundle branches also have a dual blood supply
from the septal perforators of the left anterior descending coronary
artery and branches of the posterior descending coronary artery. The
AV node is highly innervated with postganglionic sympathetic and
parasympathetic nerves. The bundle of His and distal conducting system are minimally influenced by autonomic tone.
The cells that constitute the AV node complex are heterogeneous
with a range of action potential profiles. In the transitional zones, the
cells have an electrical phenotype between those of atrial myocytes
and cells of the compact node (see Fig. 274-1). Atrionodal transitional
connections may exhibit decremental conduction, defined as slowing
of conduction with increasingly rapid rates of stimulation. Fast and
slow AV nodal pathways have been described, but it is controversial
whether these two types of pathway are anatomically distinct or represent functional heterogeneities in different regions of the AV nodal
complex. Myocytes that constitute the compact node are depolarized
(resting membrane potential ~–60 mV) and exhibit action potentials
with low amplitudes, slow upstrokes of phase 0 (<10 V/s), and phase 4
diastolic depolarization; high-input resistance; and relative insensitivity to external [K+]. The action potential phenotype is explained by the
complement of ionic currents expressed. AV nodal cells lack a robust
inward rectifier potassium current (IK1) and fast sodium current (INa);
L-type calcium current (ICa-L) is responsible for phase 0; and phase
4 depolarization reflects the composite activity of the depolarizing
currents—funny current (If), ICa-L, T-type calcium current (ICa-T), and
sodium calcium exchanger current (INCX)—and the repolarizing currents—delayed rectifier (IKr) and acetylcholine-gated (IKACh) potassium
currents. Electrical coupling between cells in the AV node is tenuous
due to the relatively sparse expression of gap junction channels (predominantly connexin-40) and increased extracellular volume.
The His bundle and the bundle branches are insulated from ventricular myocardium. The most rapid conduction in the heart is observed
in these tissues. The action potentials exhibit very rapid upstrokes
(phase 0), prolonged plateaus (phase 2), and modest automaticity
(phase 4 depolarization). Gap junctions, composed largely of connexin-40, are abundant, but bundles are poorly connected transversely
to ventricular myocardium.
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Abbreviations: MCTD, mixed connective tissue disease; MI, myocardial infarction; OMIM,
Online Mendelian Inheritance in Man (database; designations: #, phenotypic description,
molecular basis known; %, phenotypic description); SLE, systemic lupus erythematosus.

Several infectious diseases have a predilection for the conducting
system. Lyme disease may involve the heart in up to 50% of cases; 10%
of patients with Lyme carditis develop AV conduction block, which
is generally reversible but may require temporary pacing support.
Chagas’ disease, which is common in Latin America, and syphilis may
produce more persistent AV conduction disturbances. Some autoimmune and infiltrative diseases may produce AV conduction block,
including systemic lupus erythematosus (SLE), rheumatoid arthritis,
mixed connective tissue disease, scleroderma, amyloidosis (primary
and secondary), sarcoidosis, and hemochromatosis; rare malignancies
also may impair AV conduction.
Idiopathic progressive fibrosis of the conduction system is one of the
more common and degenerative causes of AV conduction block. Aging
is associated with degenerative changes in the summit of the ventricular septum, central fibrous body, and aortic and mitral annuli and has
been described as “sclerosis of the left cardiac skeleton.” The process
typically begins in the fourth decade of life and may be accelerated by
atherosclerosis, hypertension, and diabetes mellitus. Accelerated forms
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