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ABSTRACT

In contrast to ventricular tachycardia (VT) that occurs in the setting of a structurally normal heart, VT that occurs in patients

with structural heart disease carries anelevated risk for suddencardiacdeath (SCD), and implantable cardioverter-defibrillators

(ICDs) are themainstay of therapy. In these individuals, catheter ablationmaybeused as adjunctive therapy to treat or prevent

repetitive ICD therapies when antiarrhythmic drugs are ineffective or not desired. However, certain patients with frequent

premature ventricular contractions (PVCs) or VT and tachycardiomyopathy should be considered for ablation before ICD

implantation because left ventricular function may improve, consequently decreasing the risk of SCD and obviating the need

for an ICD. The goal of this paper is to review the pathophysiology, mechanism, and management of VT in the setting of

structural heart disease and discuss the evolving role of catheter ablation in decreasing ventricular arrhythmia recurrence.

(J Am Coll Cardiol 2017;70:2924–41) © 2017 by the American College of Cardiology Foundation.

O ver the past 2 decades, improved identifica-
tion of individuals who are at high risk for
sudden cardiac death (SCD) has led to an

increase in the use of implantable cardioverter-
defibrillators (ICDs). Consequently, more individuals
survive ventricular tachycardia (VT) or ventricular
fibrillation (VF) episodes. This, together with an
increased understanding of the mechanisms and sub-
strates responsible for ventricular arrhythmias, has
led to a growth in catheter ablation as a treatment
modality for VT. Catheter ablation is being increas-
ingly performed as adjunctive therapy to prevent or
reduce ICD therapies when antiarrhythmic drugs are
ineffective or not desired. However, there is often
confusion among practicing physicians regarding in-
dications, outcomes, and patient populations that
are most likely to benefit. In this paper, we review
the mechanisms and substrates for ventricular

arrhythmias that occur in the setting of structural
heart disease and discuss the role of catheter ablation
and patient populations who are most likely to
benefit from this treatment modality.

MECHANISM AND SUBSTRATE FOR VT IN

STRUCTURAL HEART DISEASE

POST-MYOCARDIAL INFARCTION. The prototypical,
and best understood, substrate for scar-related re-
entrant VT is post-myocardial infarction (MI) VT.
Following MI, ventricular myocardium can broadly be
classified as normal, dense scar, or border zone
tissue—the latter consisting of interconnected sur-
viving myocardial fibrils interspersed among a bed of
electrically inert fibrotic tissue. Together with
decreased cell-to-cell coupling, partly related to
altered connexin 43 expression, slow and circuitous
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electrical conduction through the border zone pre-
disposes to re-entrant VT (1–4). Additionally, there
are adaptive and maladaptive changes in cardiac
autonomic innervation that also predispose to VT (5–
8). Sympathetic and parasympathetic efferent inputs
to the convergent local circuit neurons are increased,
whereas afferent inputs from infarcted tissue are
decreased relative to those from the border zone and
normal tissue; this results in a heterogeneity of
autonomic innervation, contributing to the arrhyth-
mogenic substrate (7).

Asmultiple pathways often exist, numerous circuits
are commonly present and manifest as multiple
inducible VTs during electrophysiological testing (9).
The 12-lead electrocardiogram (ECG) morphology of
each VT depends on the exit of the re-entrant circuit
into the normal myocardium. Although most VT exit
sites are subendocardial, midmyocardial or epicardial
exit sites also exist. Surviving tissue in the border zone
can be identified based on its abnormal conduction
properties and characteristic electrograms (i.e., late
and fractionated potentials) (Figure 1) and is often the
target for ablation.

Although this fundamental understanding of the
pathophysiology of post-MI VT has not changed since
the mid-1990s, recent post-MI mapping studies using
ultra high-resolution mapping technologies have
suggested that patients may have few arrhythmogenic
border zone areas of relatively constrained size (10).
These small, anatomically fixed areas display direc-
tion- and rate-dependent slowing of conduction
velocity related to highly curved activation patterns in
areas of voltage <0.1 mV, and ablation of these rela-
tively small areas resulted in VT termination and
noninducibility. However, the generalizability of this
observation is unknown and requires additional study.

In addition to scar-related re-entry, certain post-MI
patients may present with ventricular arrhythmias
related to the Purkinje system. First described in pa-
tients with idiopathic polymorphic VT or VF, focal
premature ventricular contractions (PVCs) originating
from Purkinje fibers may serve as triggers for these
arrhythmias (11). Similarly, following MI, triggered
activity (due to delayed after depolarizations) from
surviving Purkinje fibers situated along the scar
border may cause focal PVCs that trigger polymorphic
VT/VF (12–15). Additionally, focal VT originating from
the Purkinje system in the setting of acute ischemia
has been attributed to triggered activity and delayed
after depolarizations (16), in contrast to a re-entrant
mechanism that is responsible for monomorphic VT
following remote MI (17). Catheter ablation is possible
for the treatment of these various Purkinje-related
ventricular arrhythmias.

Although best described following MI, any
disease process that predisposes to myocar-
dial scar may cause re-entrant VT. These
include dilated cardiomyopathy, arrhythmo-
genic right ventricular cardiomyopathy/
dysplasia (ARVC/D), hypertrophic cardiomy-
opathy, cardiac sarcoidosis, Chagas disease,
and surgically repaired congenital heart dis-
ease. However, unlike post-MI scar, which has
a predilection for the subendocardium, scar in
these disease states may occur in mid-
myocardial and epicardial locations. Indeed,
epicardial catheter ablation is often required
in these disease states. Although there is an
assumption that all scar-related re-entry is
similar, there is a paucity of studies that report
detailed activation mapping of the re-entrant
circuit across nonischemic substrates.

DILATED CARDIOMYOPATHY. The ventricular
myocardium of individuals with dilated car-
diomyopathy (DCM) is histologically charac-
terized by multiple regions of patchy
interstitial and replacement fibrosis, myofiber
disarray, and variable degrees of myocyte hypertrophy
and atrophy (18). Cardiovascular myocardial reso-
nance (CMR) with late gadolinium enhancement
identifies fibrosis in up to 41% and is an important
predictor of sudden cardiac death and VT (19,20). In
early studies, the mechanism of DCM-related VT was
estimated to be scar-related re-entry in 62%, focal
automaticity or triggered activity in 27%, and His-
Purkinje re-entry (bundle branch re-entry VT) in 19%
(21). However, these early studies were skewed by the
exclusion of most patients with hemodynamically
unstable VT; more recent studies suggest that re-entry
is by far the primary VTmechanism in DCM-VT. Unlike
post-MI scar that has a predilection for the sub-
endocardium, scar in DCM may be midmyocardial or
epicardial and most often occurs in the basal ante-
roseptal and inferolateral LV regions (19,20,22–25).

ARRHYTHMOGENIC RIGHT VENTRICULAR

CARDIOMYOPATHY/DYSPLASIA. ARVC/D is charac-
terized by replacement of right ventricular (RV)
myocardium with fibrofatty tissue that begins in
a subepicardial location and progresses toward
the endocardial surface. Although predominantly
involving the RV, left dominant and biventricular
variants also exist (26). Thus, the triangle of
dysplasia, which is classically described as involving
the RV inflow tract, RV outflow tract, and RV apex, is
now thought to include the basal inferior RV, basal
anterior RV, and posterolateral LV; the RV apex is
spared until advanced stages of the disease (27,28).

AB BR E V I A T I O N S

AND ACRONYM S

ARVC/D = arrhythmogenic

right ventricular

cardiomyopathy/dysplasia

CSD = cardiac sympathetic

denervation

DAD = delayed after

depolarizations

DCM = dilated cardiomyopathy

HCM = hypertrophic

cardiomyopathy

ICD = implantable

cardioverter-defibrillator

LAVA = local abnormal

ventricular activity

LVAD = left ventricular assist

device

MI = myocardial infarction

PVC = premature ventricular

contraction

SCD = sudden cardiac death

VF = ventricular fibrillation

VT = ventricular tachycardia
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