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Introduction

Arrhythmogenic cardiomyopathy (ACM) is a genetically determined heart muscle
disease characterized pathologically by fibrofatty myocardial replacement of both
the right and left ventricle and clinically by ventricular arrhythmias and risk of sud-
den cardiac death (SCD). Mutations in the genes encoding desmosomal proteins
play a key role in the pathogenesis of ACM. These proteins include desmoplakin
(DSP), plakophilin 2 (PKP2), desmoglein 2(DSG2), and desmocollin 2(DSC2)
[1-3]. Although the classic disease phenotype was characterized by predominant
right ventricular (RV) involvement, clinical variants with early and prevalent LV
involvement, which may parallel (i.e., biventricular ACM) or even exceed (i.e., left-
dominant ACM) the severity of RV involvement, have been increasingly observed
[4]. These findings have led over the past few years to use the broader term of
“arrhythmogenic cardiomyopathy” (ACM), which encompasses all the phenotypic
expressions. This chapter addresses pathogenesis, clinical presentation, diagnosis,
and management strategies in patients with ACM.

Pathogenesis
Histopathological Features
The hallmark lesion of ACM is the replacement of the ventricular myocardium by

fibrofatty tissue [5, 6]. Patchy inflammatory infiltrates (mainly T lymphocytes) are
often observed in association with dying myocytes, both in animal models and
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human patients, suggesting that the pathologic process may be immunologically
mediated [7, 8]. The fibrofatty scar tissue progresses from the epicardium toward
the endocardium and predominantly involves the right ventricular free wall, result-
ing in wall thinning and aneurysmal dilatation, which are typically localized in the
so-called triangle of dysplasia, that includes the inflow tract (sub-tricuspid region),
the outflow tract (infundibular region), and the apex of the RV [5-7]. Up to 76% of
the ACM hearts studied at postmortem also disclosed involvement of the LV, which
is usually limited to the subepicardial or mid-mural layers of the free wall or
septum [8].

Molecular Genetic Features and Pathogenesis

The disease process is caused by the progressive loss of myocytes because of genet-
ically defective desmosomes, which are cell-to-cell adhesive structures, with subse-
quent fibrofatty replacement of the ventricular myocardium of both ventricles. The
desmosome contains three major components: desmoplakin, which binds to inter-
mediate filaments (i.e., cardiac desmin); transmembrane proteins (i.e., desmosomal
cadherins), including desmocollin 2 and desmoglein 2; and linker proteins (i.e.,
proteins of the armadillo family), including plakoglobin and plakophilin 2, which
mediate interactions between the desmosomal cadherin tails and desmoplakin
(Fig. 32.1). That ACM is a cell adhesion disorder was first suggested by molecular
genetic study involving patients with Naxos disease, which is an autosomal reces-
sive cardiocutaneous syndrome, characterized by co-segregation of abnormalities of
the heart (ACM), skin (palmoplantar keratosis), and hair (woolly hair), and caused
by mutations in the gene encoding plakoglobin (JUP) [9]. The discovery that ACM
is a cell-to-cell adhesion disease led to research for other related genes. The next
clue on the role of desmosome mutations in ACM arose from South America, where
Luis Carvajal-Huerta recognized a similar constellation of keratoderma, woolly
hair, and ACM with LV predominance. Thus, mutations in genes encoding other
desmosomal proteins were subsequently shown to cause the more common (non-
syndromic) autosomal dominant form of ACM [10]. Desmoplakin (DSP) was the
first defective gene to be associated with autosomal dominant non-syndromic ACM
[11]. Because DSP and JUP are both components of the cardiac desmosome, Gerull
et al. extended this research to another component of the cardiac desmosome and
identified heterozygous mutations in plakophilin-2 (PKP2) in 32 of 120 probands
(27%) [12]. After recognition that PKP2 mutations are a common cause of ACM,
several additional candidate gene analyses facilitated reports of mutations in other
components of the cardiac desmosome. Two groups reported several families with
DSG?2 mutations causing classic ACM without abnormalities of the skin or hair [13,
14]. Next, DSC2 mutations were recognized to cause ACM. Predictably, heterozy-
gous mutations in JUP also cause non-syndromic ACM [15]. Although the distribu-
tion of mutations among these five genes (PKP2, DSG2, DSP, DSC2, and JUP)
varies among separate cohorts with ACM, large studies consistently demonstrated
that desmosome mutations are the most common cause of ACM. Non-desmosomal
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Fig. 32.1 Histopathological features and pathogenesis of arrhythmogenic cardiomyopathy. The
hallmark histopathological lesion of ACM is the fibrofatty replacement of the ventricular myocar-
dium. Panel A shows a full-thickness histologic section (azan trichrome stain) of the anterior right
ventricular wall in a normal heart; Panel B illustrates an analogous section from the heart of a
patient with ACM who died suddenly. With the azan trichrome stain, myocytes appear red, fibrous
tissue appears blue, and fatty tissue appears white. ACM is caused by genetically defective desmo-
somes that are composed by three major components: desmoplakin, which binds to intermediate
filaments (i.e., cardiac desmin); transmembrane proteins (i.e., desmosomal cadherins), including
desmocollin 2 and desmoglein 2; and linker proteins (i.e., proteins of the armadillo family), includ-
ing plakoglobin and plakophilin 2, which mediate interactions between the desmosomal cadherin
tails and desmoplakin, as shown in Panel C. Abnormal desmosomes predispose over time to dis-
ruption of the intercellular junction, as shown in Panel D (double-headed arrow). This process
occurs mostly under conditions of increased mechanical stress, such as sports activity. A parallel
pathogenic process involves the Wnt—f-catenin signaling pathway. During canonical Wnt—f--
catenin signaling, p-catenin forms complexes with members of the TCF-LEF (T-cell factor—
lymphocyte-enhancing factor) family of transcription factors in the nucleus to prevent the
differentiation of mesodermal precursors into adipocytes and fibrocytes by suppressing the expres-
sion of adipogenic and fibrogenic genes (Panel C). Impairment of desmosomal assembly causes
the translocation of plakoglobin from the sarcolemma to the nucleus (arrows in Panel D), where it
may antagonize the effects of f-catenin, suppressing Wnt—p-catenin signaling and therefore induc-
ing a gene transcriptional switch from myogenesis to adipogenesis and fibrogenesis (Panel D).
(From Corrado et al. [57], © 2017 Massachusetts Medical Society. Reprinted with permission
from Massachusetts Medical Society)

genes have been reported to cause arrhythmogenic cardiomyopathy. They include
genes encoding for the following: (1) the area composita, a mixed type of junctional
structure composed of both desmosomal and adherens junctional proteins, such as
alpha-T-catenin (CTTNA3) [16] and cadherin C (CDH?2) [17, 18]; (2) proteins for
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other subcellular structures such as laminin A/C (LMNA) [19, 20]; (3) transmem-
brane protein 43 (TMEM43) [21, 22]; (4) desmin (DES) [23]; (5) phospholamban
(PLN) [24]; (6) transforming growth factor-3 (TFGB3); and (7) sodium voltage-
gated channel alpha subunit 5 (SC5NA).

The traditional explanation for desmosome mutations causing cardiomyopathy
relies on loss of adhesion between cardiac myocytes, which predisposes them to
detachment and death with replacement by fibrofatty tissue [9]. Physical activity
worsens this adhesion defect, with greater consequences for the thinner-walled RV
as compared with the LV. Other than being specialized structures that supply
mechanical cell attachment, desmosomes are important mediators of intracellular
and intercellular signal transduction. The mutant form of the plakoglobin, also
known as y-catenin, does not integrate into desmosomes and shifts from interca-
lated disks to cytosol and nuclear pools, where it causes changes in nuclear signal-
ing and transcriptional activity, through pathways regulated by the protein -catenin.
The inhibition of the established Wnt—f-catenin signaling pathway may increase the
expression of adipogenic and fibrogenic genes and contribute to the development of
fibrofatty myocardial scarring (Fig. 32.1) [25].

The fibrofatty tissue that replaces myocardium contributes to the development of
ventricular arrhythmias in ACM by slowing intraventricular conduction and acting
as a substrate for arrhythmias through a scar-related macroreentry mechanism.
However, life-threatening ventricular arrhythmias in ACM may also be the result of
mechanisms working at the molecular and cellular levels. Desmosomes, sodium
channels, and gap-junction proteins interact synergistically to regulate adhesion,
excitability, and coupling of myocytes; this coordinated network of proteins found
at the intercalated disks has been termed the “connexome” [26]. According to this
view, loss of expression of desmosomal proteins may cause (or contribute to) poten-
tially fatal arrhythmias by inducing gap-junction remodeling, with reduction of total
content and substantial redistribution of the gap-junction protein connexin 43, and
decreasing the amplitude and kinetics of the sodium current [27-29]. Moreover,
there is some evidence that the Brugada syndrome and ACM may share clinical
features and arrhythmic mechanisms because of their common origin from the con-
nexome [30].

Clinical Presentation and Natural History
Epidemiology

The prevalence of ACM has been estimated to range from 1 case in 2000 to 5000
persons in the general population. A familial incidence is present in more than half
the ACM cases. The disease is typically transmitted with an autosomal dominant
pattern of inheritance, although rare autosomal recessive forms have been described
[31]. The disease is more malignant in men than in women, and this finding has
been ascribed either by a direct influence of sex hormones on the pathogenic
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mechanisms involved in the phenotypic expression of the disease [3] or by sex-
based difference in the amount or intensity of exercise [32].

Phenotypic Expression

The phenotypic expression of ACM varies considerably, ranging from asymptom-
atic family members with concealed structural abnormalities and no arrhythmias to
symptomatic patients experiencing arrhythmic cardiac arrest or undergoing car-
diac transplantation because of refractory heart failure. The disease usually
becomes clinically overt within the second to the fourth decades of life and is
preceded by a preclinical phase, which is characterized by minimal or no structural
abnormalities (concealed disease). Pathobiological and clinical landmarks which
characterize the different phases of the disease natural history until clinical diagno-
sis include the following: (1) the time period between birth and the beginning of
the disease process (pre-histologic phase); (2) the development of initial histologic
changes of the myocardium (myocyte death and fibrofatty replacement) which are
clinically concealed (preclinical phase); (3) the period of clinically detectable
electrical (ECG changes and premature ventricular beats) and structural (ventricu-
lar remodeling with dilatation and dysfunction, either global or segmental) abnor-
malities, in the absence of relevant symptoms (presymptomatic phase); and (4)
occurrence of symptoms (symptomatic phase). A sizeable proportion of affected
patients have a silent clinical course and remain asymptomatic for many years, so
delaying the identification of the disease unless they undergo screening programs,
such as cascade screening of family members after identification of a proband or
universal pre-participation athletic screening including an ECG. SCD may be the
first clinical manifestation of the disease. In a study in the Veneto region of Italy,
20% of SCDs in young people and athletes were caused by a previously undiag-
nosed ACM [6].

SCD is caused by an arrhythmic cardiac arrest that may occur unexpectedly in
previously asymptomatic individuals, mostly young people and competitive ath-
letes, with a previously undiagnosed (and unsuspected) ACM [9]. Patients with
clinically overt disease may experience scar-related monomorphic ventricular
tachycardia (VT), which is caused by a reentrant circuit related to the underlying
fibrofatty ventricular scar [33]. Ventricular arrhythmias are worsened by adrenergic
stimulation and neuroautonomic imbalance occurring during or immediately after
exercise [34]. Abrupt ventricular fibrillation (VF) and SCD may also occur in young
patients during an active phase of disease progression, the so-called “hot phases”, as
a consequence of myocarditis-mediated bouts of acute myocyte death leading to
acute electrical instability [9].

While VF is an arrhythmic complication which usually occurs “early” during the
natural history of ACM, sustained VT is more commonly observed in advanced
disease [35-38]. A pathobiological explanation of these findings is that VT and VF
arise from a myocardial substrate which varies over time in relation to different
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phases of the natural history of ACM. Episodes of VF most often occur as the first
clinical manifestation in young patients because they reflect acute electrical insta-
bility of early disease, which progresses through so-called “hot phases” that are
recurrent bouts of acute myocyte death with reactive inflammation, most often char-
acterized by a clinically silent course. Older patients with advanced disease more
often experience symptomatic VT which is monomorphic (left bundle branch block
pattern), hemodynamically well-tolerated and unlikely to degenerate into VF. This
VT is caused by a reentry mechanism around a stable fibrofatty myocardial scar as
the result of a repair process that occurs in a later stage of the disease course. New
insights from molecular biology/genetics studies, genotype-phenotype correlations,
and long-term clinical experience have improved our understanding of the natural
history of ACM, showing that presentation with lethal arrhythmias may occur “ear-
lier” than previously thought. Loss of expression of desmosomal proteins might
“per se” induce electrical myocardial instability, because of the cross talk of geneti-
cally defective desmosomal proteins with the voltage-gated sodium channel com-
plex, leading to sodium ion channel dysfunction and reduced sodium current that
predisposes to lethal ventricular arrhythmias even prior to the expression of an overt
structural abnormality [31, 39-41]. However, whether the mechanism leading to VF
during the so-called concealed disease is primarily electrical or triggered by initial
(clinically undetectable) histologic structural changes remains elusive.

The most common clinical presentation is the classic right ventricular pheno-
type, characterized by ventricular arrhythmias and related symptoms/events, which
include palpitations or effort-induced syncope in an adolescent or young adult,
negative T waves in the anterior precordial leads (V, through V,) on the ECG, ven-
tricular tachycardia with a left bundle branch block morphology, and right ventricu-
lar abnormalities on imaging tests (Fig. 32.2).

¢ Electrical anomalies secondary to the fibrofatty replacement are the basis for the
typical ECG findings, including repolarization (T-wave inversion in the right pre-
cordial leads) and/or depolarization (epsilon waves and/or prolongation of QRS
complex because of delayed S-wave upstroke) abnormalities. These ECG
changes usually involve the right precordial leads (V, through V,/V,) [42].

e Ventricular arrhythmias with a left bundle branch block morphology and supe-
rior axis are another hallmark of ACM [7-10, 43—46]. The spectrum of ventricu-
lar arrhythmias ranges from isolated premature ventricular beats to sustained VT,
which may degenerate to VF. Ventricular arrhythmias with a left bundle branch
block morphology and inferior axis are less specific because in most cases they
are benign, non-familial, and not related to an underlying cardiomyopathy (“idio-
pathic” RV outflow tract ventricular tachycardia) [47].

* Global or regional dysfunction/structural alterations of the right ventricle on imag-
ing are other typical features of ACM and include: global RV dilatation and dys-
function and regional RV wall motion abnormalities such as diastolic bulging,
systolic akinesia, and dyskinesia, typically localized in the “triangle of dysplasia,”
namely, subtricuspidal, apical, and infundibular regions. The left ventricle and the
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Fig. 32.2 Classic right ventricular phenotype. Depolarization (negative T waves in the right pre-
cordial leads, a) and repolarization abnormalities (epsilon waves, arrow, and prolongation of QRS
complex because of delayed S-wave upstroke, a and b). Ventricular arrhythmia with left bundle
branch block and inferior axis morphology is shown in C. Parasternal long-axis view (PLAX) by
echocardiography showing dilatation of the right ventricular outflow tract (d). Cardiac MRI illus-
trating an aneurysm of the RVOT (e, arrowhead) and multiple sacculations of the inferior and
apical regions (e, arrows). (From Corrado et al. [57], © 2017 Massachusetts Medical Society.
Reprinted with permission from Massachusetts Medical Society)

septum are usually involved to a lesser extent, if at all [48—50]. These structural
abnormalities can be detected by imaging techniques such as echocardiography
[51], cardiac magnetic resonance (CMR) [52], and angiography [53]. RV angiog-
raphy has been long regarded as the gold standard imaging test for the diagnosis.
Angiographic evidence of systolic akinesia, dyskinesia, and diastolic bulging
localized in infundibular, apical, and subtricuspidal regions provides a diagnostic
specificity of >90% [20]. Echocardiography represents a first-line approach to
evaluate patients with suspected ACM or to screen family members; it is also use-
ful for serial examinations during the follow-up. In recent years, CMR has become
the preferred imaging technique, thanks to its capacity to combine the evaluation
of morphofunctional abnormalities with myocardial tissue characterization by the
gadolinium enhancement, which provides information of the presence and amount
of fibrofatty myocardial scarring [21, 54].
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The clinical presentation of ACM may occasionally simulate an acute myocardi-
tis, characterized by chest pain, transient ST segment and T-wave changes, and
increased muscle enzyme levels, with or without ventricular arrhythmias [55].

The diagnosis of biventricular or predominant left ACM may be missed at onset
of symptoms in some patients who present years later with heart failure, with or
without ventricular arrhythmias, and are incorrectly diagnosed as having idiopathic
dilated cardiomyopathy [15, 56]. Left-dominant ACM variants are characterized by
early and predominant LV involvement, often because of specific genetic mutations
(i.e., mutations in genes encoding for desmoplakin, phospholamban, or filamin C
[36, 57]). The phenotype is the counterpart of the classic variant:

e T-wave inversion in the left precordial leads (V,~V,) and low QRS voltages
(<0.5 mV) in the limb leads, which reflect the fibrofatty replacement of the
LV wall.

e Ventricular arrhythmias with a right bundle branch block morphology [58].

¢ Left ventricular dilatation and dysfunction and late gadolinium enhancement of
the LV wall with a subepicardial or midmyocardial distribution. In contrast with
the classic variant, the diagnostic power of echocardiography is limited because
LV dilatation and systolic dysfunction, either regional or global, may be absent
in patients with predominantly left-sided disease. This is because the fibrofatty
scarring process initially involves the subepicardial myocardial layers of the LV
wall, which contributes marginally to the development of the contractile power
and does not translate into prominent wall motion abnormalities or ejection frac-
tion reduction. Therefore, the left-dominant ACM phenotype in isolation is dif-
ficultto diagnose and its incidence is probably underestimated. Contrast-enhanced
CMR increases the diagnostic sensitivity because it allows identification of non-
transmural LV scars (areas of late gadolinium enhancement) at a subepicardial
and/or mid-mural level [59, 60]. The use of CMR has moved the concept of
“triangle of dysplasia” to the concept of “quadrangle of dysplasia”: there is
another important disease-specific site of cardiac involvement that is the left ven-
tricle inferolateral wall in terms of isolated subepicardial scar. Accordingly,
CMR findings of tissue characterization for the detection of fibrofatty myocar-
dial replacement need to be included in the future revision of ITF diagnostic
criteria for ACM.

Differential Diagnosis

Diseases that enter differential diagnosis of ACM include either primary arrhythmic
conditions (i.e., RV outflow tract ventricular tachycardia, Brugada syndrome) or
structural heart muscle disorders affecting the RV, the LV, or both (cardiac sarcoidosis,
myocarditis, neuromuscular diseases). Particularly differential diagnosis between
ACM and cardiac sarcoidosis is challenging because of the overlapping phenotype,
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including ECG abnormalities (right precordial T-wave inversion and epsilon waves)
and imaging features such as nonischemic right and left ventricular scar [61].

Prognosis

The prognosis of ACM is related to either ventricular electric instability, which may
lead to arrhythmic SCD, and progression of ventricular muscle disease resulting in
RV or biventricular systolic dysfunction. The overall mortality rate varies among
different studies, ranging from 0.08% to 3.6% per year [10, 62]. This high variabil-
ity depends on the different populations considered in the studies, and reflects the
wide spectrum of ACM clinical presentations and the presence of subgroups with
variable degrees of phenotypic expression and different SCD risk. The adverse
prognosis of ACM patients was initially overestimated by early reports of patients
with severe clinical manifestations. Subsequent studies of a broader ACM patient
population, including asymptomatic family members and genetically affected indi-
viduals with no phenotypic manifestations, have reported significantly lower SCD
rates [17].

Clinical Diagnosis

To standardize the clinical diagnosis, in 1994 the International Task Force (ITF)
proposed guidelines in the form of a qualitative scoring system with major and
minor criteria [63]. These criteria were designed to diagnose the original right ven-
tricular phenotype and based on the combination of multiple sources of information
obtained by a multiparametric approach including electrocardiographic, arrhyth-
mic, morphofunctional, and histopathologic findings. Based on their diagnostic
accuracy, the criteria were classified as major and minor, and the diagnosis of ARVC
was fulfilled in the presence of two major criteria, one major plus two minor, or four
minor criteria from different categories.

Although the ITF criteria have been useful for differentiating ARVC from dilated
cardiomyopathy or idiopathic right ventricular outflow tract tachycardia, they have
shown a lack of sensitivity for the identification of early/minor phenotypes, particu-
larly in the setting of familial screening. In 2010, a revision of diagnostic guidelines
was proposed with the aim to improve the accuracy of the diagnosis in probands and
first-degree relatives by providing quantitative criteria for diagnosing right ventricu-
lar abnormalities and adding molecular genetic criteria [64]. In this regard, molecu-
lar genetic information has been added to family history criteria, and the presence
of a disease-causing gene mutation has become a major criterion for the diagnosis
of ACM. The diagnosis is based on a series of criteria including histopathological
manifestations, alterations in cardiac structure and function, electrocardiographic
abnormalities, arrhythmic manifestations, and the identification of disease-causing
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genetic mutations that were elaborated by the International Task Force of experts.
As no single criterion is accurate enough, the diagnosis requires a combination of
criteria (classified as minor or major according to their specificity). Specifically, the
diagnosis is considered to be “definite” in the presence of two major criteria or one
major and two minors or four minor criteria from different categories. The diagnosis
is classified as “borderline,” if the patient meets one major and two minor criteria or
three minor criteria from different categories, and “possible” when one major or two
minor criteria are met.

The real experience with the 2010 diagnostic criteria revealed a high risk of dis-
ease misdiagnosis due to both the inherent limitation and the inappropriate use of
the current criteria. This is mostly related to the limited understanding of the genetic
background of the disease, characterized by a large pool of genetic variants of
uncertain significance, and the subsequent risk of misinterpreting non-pathogenetic
DNA variants as pathogenic mutations, which can lead to misdiagnosis of the dis-
ease in probands not fulfilling the phenotypic criteria for diagnosis. Therefore,
future ITF diagnostic criteria should be based on phenotypic features of the proband
and genotyping used for cascade family screening and preclinical genetic diagnosis
of family members. An additional limit of the 2010 criteria is that they were devel-
oped to diagnose the classic right ventricular phenotype and did not include criteria
for the diagnosis of left-dominant phenotype. Contrast-enhanced CMR has emerged
as the “gold standard” imaging test, because it increases diagnostic accuracy by
identification of nonischemic LV scars/LGE which are the most typical features of
the left ventricular phenotype.

Prognosis and Treatment

Risk Stratification

The clinical course of ACM is characterized by the occurrence of arrhythmic events,
which can cause SCD, and the impairment of biventricular systolic function, which
can lead to death from heart failure. The estimated overall mortality varies among
studies, ranging from 0.08 to 3.6% per year [65]. Risk stratification depends largely
on the evaluation of the severity of ACM phenotypic expression in terms of severity
of arrhythmic manifestations and amount of fibrofatty myocardial replacement as
evaluated by electrocardiographic tests and imaging. History of cardiac arrest
because of VF or sustained VT is the most important predictor of major arrhythmic
events during follow-up. Unexplained syncope, nonsustained VT, and severe sys-
tolic dysfunction of the right ventricle, left ventricle, or both are considered major
risk factors. Several minor risk factors have been identified (proband status, male
sex, multiple gene mutations [3, 39], greater extent of negative T waves [66], VT/
VF inducibility by programmed ventricular stimulation [38, 60]), but their
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Fig.32.3 Prognostic
stratification of patients
with ARVC based on the
clinical presentation. The
risk subgroups are defined
on the estimated
probability of a major
arrhythmic event during
follow-up. The high-risk
group is characterized by
an estimated annual risk of
more than 10%, the
intermediate-risk group by
arisk between 1% and
10%, and the low-risk
group by a risk below 1%.
(From Corrado et al. [57],
© 2017 Massachusetts
Medical Society. Reprinted
with permission from
Massachusetts Medical
Society)
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association with an unfavorable outcome is based on either limited scientific evi-
dence or conflicting data (Fig. 32.3) [67].

Therapy

The aims of clinical management of ACM are as follows: (1) to reduce the risk of
sudden cardiac death, (2) to prevent the disease progression, and (3) to improve the
quality of life by alleviating arrhythmic and heart failure symptoms. Current thera-
peutic options include lifestyle changes, drug therapy, catheter ablation, ICD, and
heart transplantation.

Lifestyle Changes

Physical exercise has been implicated as the most important environmental factor
for the promotion and progression of the ACM phenotypic expression and for trig-
gering life-threatening ventricular arrhythmias in ACM [36, 68—73]. Accordingly,
current guidelines recommend that not only clinically affected individuals but
also healthy gene carriers do not participate in competitive or endurance sport activ-
ity [67].
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Drug Therapy

Drug therapy of patients with ACM includes beta-blockers, anti-arrhythmic agents,
and heart failure drug therapy. Adrenergic stimulation promotes ventricular arrhyth-
mias and cardiac arrest that typically occur during or after physical effort. Beta-
blocker therapy should be offered to all patients with a definite diagnosis of ACM,
regardless of symptoms and arrhythmic manifestations. Beta-blocker therapy has
proven efficacy in heart failure management and can prevent effort-induced ven-
tricular arrhythmias; moreover, it offers the potential to lower the myocardial dis-
ease progression by lowering the ventricular wall stress. Instead, in genotype-positive
but phenotype-negative individuals, prophylactic use of drugs does not seem justi-
fied [67]. Adjunctive anti-arrhythmic drug therapy is indicated to reduce the arrhyth-
mia burden in symptomatic patients with frequent premature ventricular beats and/
or complex ventricular arrhythmias [67]. Sotalol and amiodarone (alone or in com-
bination with beta-blockers) are the most effective drugs with a relatively low proar-
rhythmic risk. The standard pharmacological treatment (angiotensin-converting
enzyme inhibitors, angiotensin II receptor blockers, and diuretics) is used in patients
who develop right, left, or biventricular heart failure. Oral antithrombotic therapy
should be reserved to patients with atrial fibrillation and/or thromboembolic events.

Catheter Ablation

Catheter ablation is a therapeutic option for patients with sustained monomorphic
ventricular tachycardia. The initial experience with VT catheter ablation resulted in
a high acute success rate followed by a high rate of recurrence [74-76]. The poor
long-term outcome has been attributed to the progressive nature of the disease,
which leads to the development of multiple arrhythmogenic foci over time. In addi-
tion, because the lesion wave-front characteristically originates and progresses from
the epicardium to the endocardium, VT reentry circuits appear mostly located in the
subepicardial layer of the RV wall and are unapproachable from the traditional
endocardial approach of catheter ablation. Several studies have shown the feasibil-
ity and efficacy of epicardial (through the pericardial space) catheter ablation for
patients in whom one or more endocardial procedures have been unsuccessful
(Fig. 32.4) [77-81].

ICD Therapy

Although randomized trials to guide ICD therapy have not been performed, data
collected from observational studies consistently showed the safety and efficacy of
ICD therapy [37, 48, 82—85]. The indication for ICD therapy should be the result of
a balanced evaluation of the arrhythmic patient’s profile and potential risk of device-
related complication. Patients who benefit most from ICD therapy are those who
had experienced an episode of VF or sustained VT (high-risk category, estimated
event rate >10% per year [64]). It remains uncertain whether defibrillator therapy is
appropriate for primary prevention of SCD among patients with one or more risk
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Fig. 32.4 Catheter ablation of ventricular tachycardia in patients with ARVC. Catheter ablation
uses an endocardial or an epicardial approach depending on the site of the arrhythmia substrate.
For endocardial ablation (Panel A), the catheter is advanced into the right ventricular cavity
through the venous system; the black circular arrow shows a reentry circuit of ventricular tachycar-
dia, and the red X indicates its interruption by endocardial catheter ablation. Epicardial ablation
(Panel B) is based on the introduction of the catheter into the pericardial space by means of peri-
cardial puncture; the black circular arrow shows a reentry circuit, and the red X indicates its inter-
ruption by epicardial catheter ablation. Target sites for catheter ablation can be identified with the
use of three-dimensional electroanatomical voltage mapping (Panel C) to reconstruct regions of
right ventricular scarring (i.e., either endocardial or epicardial low-voltage areas showing bipolar
signal amplitude of <0.5 mV, indicated by red color coding), which represent the substrate for the
reentry mechanism of ventricular tachycardia. The reentry circuit is interrupted by delivering
radiofrequency energy through the ablation catheter to create point-by-point linear lesions (red
circles), eliminating intrascar or interscar conducting pathways. On an electrophysiological record-
ing obtained during catheter ablation (Panel D), ventricular tachycardia is interrupted abruptly
after radiofrequency energy application (red arrow). Standard electrocardiographic leads I, I1I, V1,
and V6 are shown, as well as recordings from the ablation catheter itself at proximal (ABL p) and
distal (ABL d) sites. LAD denotes left-axis deviation, LBBB left bundle branch block, and RF
radiofrequency. (From Corrado et al. [57], © 2017 Massachusetts Medical Society. Reprinted with
permission from Massachusetts Medical Society)
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Fig.32.4 (continued)

factors and no prior major arrhythmic events (intermediate-risk category, estimated
event rate ranging from 1% to 10% per year [88]). Prophylactic defibrillator implan-
tation is not recommended in asymptomatic patients with no risk factors and in
healthy gene carriers (low-risk category, estimated event rate <1% per year) because
of the low risk of arrhythmias and the concomitant significant risk of device-related
complications over time (Fig. 32.5). Subcutaneous ICD has emerged as a valid
alternative to transvenous device because it reduces or eliminates morbidity and
potentially life-threatening lead-related complications over the time, mostly in the
young population with a long life expectancy. Preliminary data on the use of S-ICD
in patients with ACM demonstrate that the device successfully treats VI/VF in the
absence of electrode and device-related complications with a rate of inappropriate
shock comparable to that of transvenous ICD. At present time, S-ICD is mainly
indicated for the primary prevention of SCD in young patients with ACM and a
high-risk profile [§6-90].

Heart Transplant

Heart transplant is the final treatment option for patients with debilitating heart
failure refractory to pharmacological and non-pharmacological therapy or poten-
tially lethal arrhythmias that are uncontrollable with anti-arrhythmic therapy or
catheter ablation. Posttransplant survival rates are reported of 94% and 88% at 1 and
6 years, respectively [91].
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Flow chart for ICD implantation

High risk Intermediate risk

Aborted SCD due to FV 1 or more major
- Aborte! ue to ; . N
- Sustained VT risk factors”: 1 or more minor risk - No risk factors
i factors* - Healthy gene carriers
- Severe dysfunction of
RV, LV, or both - Moderate dysfunction
of RV, LV, or both

ICD may be -
considered ICD non indicated

(Class llb) (class Il1)

— ICD should be
ICD indicated considered
(Class 1) (Class lla)

Fig.32.5 Flowchart of risk stratification and indications to ICD implantation in ACM. Based on
the available data on the annual mortality rates associated to specific risk factors, the estimated risk
of major arrhythmic events in the high-risk category is >10%/year, in the intermediate-risk cate-
gory ranges from 1% to 10%/year, and in the low-risk category is <1%/year. The recommendations
for ICD implantation for different categories of arrhythmic risk were determined by consensus
considering not only the statistical risk but also the general health, the socioeconomic factors, the
psychological impact, and the adverse effects of the device. SCD, sudden cardiac death; VF,
ventricular fibrillation; VT, ventricular tachycardia; RV, right ventricle; and LV, left ventricle.
(From Corrado et al. [65]. Reprinted with permission from Wolters Kluwer Health, Inc.).
*See the text for distinction between major and minor risk factors
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