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PART 10
Disorders of the Cardiovascular System

proteins that passively conduct ions down their electrochemical gradients through selective pores (ion channels), actively transport ions
against their electrochemical gradient (pumps, transporters), or electrogenically exchange ionic species (exchangers).
Action potentials in the heart are regionally distinct. The regional
variability in cardiac action potentials is a result of differences in the
number and types of ion channel proteins expressed by different cell
types in the heart. Further, unique sets of ionic currents are active in
pacemaking and muscle cells, and the relative contributions of these
currents may vary in the same cell type in different regions of the heart
(Fig. 273e-1A).
Ion channels are complex, multisubunit transmembrane glycoproteins that open and close in response to a number of biologic stimuli,
including a change in membrane voltage, ligand binding (directly
to the channel or to a G protein–coupled receptor), and mechanical
deformation (Fig. 273e-2). Other ion motive exchangers and transporters contribute importantly to cellular excitability in the heart.
Ion pumps establish and maintain the ionic gradients across the cell
membrane that serve as the driving force for current flow through ion
channels. Transporters or exchangers that do not move ions in an electrically neutral manner (e.g., the sodium-calcium exchanger transports
three Na+ for one Ca2+) are termed electrogenic and contribute directly
to the action potential profile.
The most abundant superfamily of ion channels expressed in the
heart is voltage gated. Several structural themes are common to all voltage-dependent ion channels. First, the architecture is modular, consisting either of four homologous subunits (e.g., K channels) or of four
internally homologous domains (e.g., Na and Ca channels). Second, the
proteins fold around a central pore lined by amino acids that exhibit
exquisite conservation within a given channel family of like selectivity (e.g., all Na channels have very similar P segments). Third, the
general strategy for activation gating (opening and closing in response
to changes in membrane voltage) is highly conserved: the fourth transmembrane segment (S4), studded with positively charged residues, lies
within the membrane field and moves in response to depolarization,
opening the channel. Fourth, most ion channel complexes include not
only the pore-forming proteins (α subunits) but also auxiliary subunits
(e.g., β subunits) that modify channel function (Fig. 273e-2).
Na and Ca channels are the primary carriers of depolarizing current in both the atria and the ventricles; inactivation of these currents and activation of repolarizing K currents hyperpolarize the
heart cells, reestablishing the negative resting membrane potential
(Fig. 273e-1B). The plateau phase is a time when little current is flowing,
and relatively minor changes in depolarizing or repolarizing currents
can have profound effects on the shape and duration of the action profile. Mutations in subunits of these channel proteins produce arrhythmogenic alterations in the action potentials that cause long and short
QT syndrome, Brugada syndrome, idiopathic ventricular fibrillation,
familial atrial fibrillation, and some forms of conduction system disease.
MECHANISMS OF CARDIAC ARRHYTHMIAS
Cardiac arrhythmias result from abnormalities of electrical impulse
generation, conduction, or both. Bradyarrhythmias typically arise from
disturbances in impulse formation at the level of the sinoatrial node
or from disturbances in impulse propagation at any level, including
exit block from the sinus node, conduction block in the AVN, and
impaired conduction in the His-Purkinje system. Tachyarrhythmias
can be classified according to mechanism, including enhanced automaticity (spontaneous depolarization of atrial, junctional, or ventricular
pacemakers), triggered arrhythmias (initiated by afterdepolarizations
occurring during or immediately after cardiac repolarization, during
phase 3 or 4 of the action potential), or reentry (circus propagation of
a depolarizing wavefront). A variety of mapping and pacing maneuvers typically performed during invasive electrophysiologic testing
can often determine the underlying mechanism of a tachyarrhythmia
(Table 273e-1).
Alterations in Impulse Initiation: Automaticity Spontaneous (phase 4)
diastolic depolarization underlies the property of automaticity characteristic of pacemaking cells in the sinoatrial (SA) and atrioventricular
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Figure 273e-2 Topology and subunit composition of the voltagedependent ion channels. Potassium channels are formed by the
tetramerization of α or pore-forming subunits and one or more β subunits; only single β subunits are shown for clarity. Sodium and calcium
channels are composed of α subunits with four homologous domains
and one or more ancillary subunits. In all channel types, the loop of
protein between the fifth and sixth membrane-spanning repeat in
each subunit or domain forms the ion-selective pore. In the case of
the sodium channel, the channel is a target for phosphorylation, the
linker between the third and fourth homologous domain is critical to
inactivation, and the sixth membrane-spanning repeat in the fourth
domain is important in local anesthetic antiarrhythmic drug binding.
The Ca channel is a muiltisubunit protein complex with the α1 subunit
containing the pore and major drug binding domain.

