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Abstract
Purpose of Review Arrhythmogenic right ventricular cardio-
myopathy (ARVC) is a heritable form of cardiomyopathy,
typically with autosomal dominant transmission, shown to
be a defect in the cardiac desmosomes, with distinct regional
and histopathological features. Clinically, this can ultimately
result in bi-ventricular failure and/or malignant ventricular
tachycardia (VT) via reentrant circuits created by patchy scar
formation. We sought to review the current treatment for ven-
tricular arrhythmias in the setting of ARVC, with particular
attention to radiofrequency (RF) ablation and its varied tech-
niques, along with potential therapies in the ablation spectrum.
Recent Findings There is underwhelming data on the effec-
tiveness of medical therapy for ARVC-related VT, including
beta-blockers and antiarrhythmic medication. Primary and
secondary prophylactic implantable-cardioverter defibrillator
(ICD) implantation in higher-risk patients is recommended.
More recently, RF ablation has been used for ARVC-related
VT. Endocardial VT ablation in this setting can produce acute
success, though recurrence rate is quite high, which may be
explained by the more epicardial and patchy nature of the
disease. Combined endocardial-epicardial ablation has since
been shown to be feasible, safe, and with significantly better
acute and long-term success, particularly when combinedwith
scar dechanneling or homogenization of the scar. However,

recurrence rates are not insignificant, and ablation does not
eliminate the need for ICD placement.
Summary Medical therapy for ARVC-related VT is subopti-
mal. RF ablation techniques including endocardial and epicar-
dial approaches appear to have the highest success rates for
ARVC-related VT. Catheter ablation of VT in ARVC patients
should be considered a potentially effective strategy for elim-
inating frequent VT episodes and ICD shocks rather than a
curative therapeutic approach, until long-term efficacy has
been consistently documented. Research into the optimal
mapping and ablation techniques are promising and ongoing.

Keywords ARVD . Ventricular tachycardia . Catheter
ablation . Cardiomyopathy . ICD . Epicardial access

Introduction

Arrhythmogenic right ventricular cardiomyopathy (ARVC) is
a heritable form of cardiomyopathy, genetically determined
predominantly via an autosomal dominant pattern. The prev-
alence of ARVC is approximately 1:5000, affecting men more
frequently than women with a ratio of 3:1. ARVC predomi-
nantly affects the right ventricle (RV), but may also involve
the left ventricle (LV) and results in heart failure and ventric-
ular tachycardia (VT) [1]. In 1982, Marcus et al. initially de-
scribed the disease, when he reported 24 cases of VTwith left
bundle branch block (LBBB) morphology, RV wall motion
abnormalities, and replacement of the RV myocardium by
adipose and fibrous tissue [2]. Later, in 1984, the electrocar-
diographic characteristics of ARVCwere described, including
the pathognomonic epsilon wave [3]. Pathologically, ARVC is
characterized by fibro-fatty replacement, myocardial atrophy,
fibrosis, and eventually thinning of the RV wall with RV di-
latation and formation of small aneurysms in this chamber [4].
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These alterations subsequently cause electrical instability of-
ten precipitating VT [5]. Several genes have been associated
with this entity, and more than 13 mutations have been iden-
tified to date [6]. ARVC is frequently a devastating disease
given the fact that the first symptom is often sudden cardiac
death (SCD). Implantable cardioverter-defibrillator (ICD) im-
plantation decreases the risk of SCD from VT. Nonetheless,
ARVC is a progressive entity, and usually progresses to re-
fractory VT or a ventricular fibrillation (VF) storm despite
ICD therapies. ARVC should be considered in a young patient
with palpitations, symptoms consistent with arrhythmogenic
syncope, or aborted SCD. VT in ARVC mostly has a left
bundle branch (LBBB) morphology, although VT with a
RBBB morphology may also be present if the LV is involved.
VT is often exercise-related, due largely to activation of the
sympathetic nervous system, which leads to premature ven-
tricular contractions (PVCs) and reentrant circuits. Other elec-
trocardiographic anomalies such as inverted T waves in the
right precordial leads (V1–V3) and frequent PVCs, even in
asymptomatic patients, should arouse suspicion for this dis-
ease [6].

In this review, we will focus on the fundamental electrocar-
diographic and electrophysiologic characteristics and findings
of VT in ARVC and therapeutic approaches of this disorder
with an emphasis on endocardial and epicardial radiofrequen-
cy (RF) ablation. Details regarding the pathogenesis, clinical
manifestations, diagnostic criteria, and the approach to risk
stratification have already been described elsewhere [6, 7].

Diagnosis

Consensus diagnostic criteria have been developed, first in
1994 and updated in 2010. The diagnosis is based on six
categories, each divided into major and minor criteria. These
six categories include imaging [including both cardiovascular
magnetic resonance imaging (CMR) and/or transthoracic ech-
o], tissue characterization by RV biopsy or autopsy, repolari-
zation abnormalities, depolarization abnormalities, evidence
of arrhythmias, and family history [4]. The diagnosis of
ARVC is made in the presence of two major or one major plus
two minor criteria or four minor criteria taken from different
groups [4]. Additionally, with the arrival of the molecular
genetics, remarkable diagnostic improvements have been
made [8].

Electrocardiogram

Almost 90% of patients with ARVC have some electrocardio-
grams (ECG) abnormality. The primary depolarization abnor-
mality included in the revised criteria is the epsilon wave,
described as reproducible low-amplitude signals between
end of QRS complex to the onset of the T wave in the right

precordial leads (V1 to V3), probably secondary to slowed
intraventricular conduction. This may be found in up to 33%
of patients with ARVC. Inverted T waves in the right precor-
dial leads are the primary repolarization abnormality de-
scribed in the 2010 Revised Task Force Criteria, and both
these ECG findings constitute a major criterion (the T inver-
sion in the absence of complete RBBB). One of the
commonest ECG findings is a prolonged S wave upstroke
[55 ms in V1–V3 (90–95%)], followed by an inverted Twave
in those right precordial leads, that occurs in 50% of cases
presenting with VT. If PVCs are evident, the origin is usually
from one of the three regions of fibro-fatty replacement in the
“triangle of dysplasia” (i.e., right ventricular outflow tract,
apex, and infundibulum).

Signal Average Electrocardiogram

Three criteria have been described using signal average elec-
trocardiogram (SAECG): (a) the filtered QRS duration
>114 ms, (b) low-amplitude signal <38 ms, and (c) root-
mean-square amplitude of the last 40 ms of the QRS
>20 μV. An abnormal SAECG (defined by one of three
criteria) has been associated with a dilated and impaired RV
on CMR [9].

Differential Diagnoses

Right ventricular outflow tract (RVOT) tachycardia is one of
the main differential diagnoses of ARVC. Although in the
revised criteria of 2010 cited above, the more specific VT
morphology for ARVC is a LBBB morphology with a supe-
rior axis, the clinical presentation and electrocardiographic
findings of VT are similar to idiopathic RVOT VT (VT with
LBBB with an inferior axis). Nonetheless, unlike ARVC,
RVOT tachycardia is contemplated to be a primary electrical
disease in the absence of structural heart disease. Idiopathic
RVOT VT is considerably more common than ARVC.
Hoffmayer et al. have developed an electrocardiographic scor-
ing system for distinguishing RVOT arrhythmias in patients
with ARVC from idiopathic VT [10]. The scoring system
includes ECG findings in sinus rhythm and during VT; it
provides three points for anterior T wave inversions in leads
V1–V3 during sinus rhythm, and in the setting of ventricular
arrhythmias (VA); two points for QRS duration in lead
I > 120 ms, two points for QRS notching, and one point for
precordial transition in lead V5 or later. A score of 5 or greater
was able to correctly distinguish ARVC from idiopathic VT
93% of the time, with a sensitivity of 84%, specificity of
100%, positive predictive value of 100%, and negative pre-
dictive value of 91% [10].

Sarcoidosis is also a condition that should be distinguished
due to its overlapping VT morphologies. Dechering et al.
identified the electrophysiological characteristics of VA in

82 Page 2 of 12 Curr Cardiol Rep (2017) 19: 82



cardiac sarcoidosis versus ARVC [11]. Clinical and electro-
physiological parameters that were more characteristic of car-
diac sarcoidosis in their patients included reduced left ventric-
ular ejection fraction, a significantly wider QRS during VT,
right-sided apical VT, and more inducible forms of monomor-
phic VT [11]. Preexcited AV reentry tachycardia, Brugada
syndrome, and other congenital heart diseases such as Uhl’s
anomaly (apoptotic dysplasia with complete absence of the
myocardium) may also show similar appearing arrhythmias
[12].

Treatment Strategies

Because the clinical presentation of ARVC patients may be
varied from asymptomatic to SCD, the therapeutic strategy
must be customized to each patient, based on clinical presen-
tation, risk stratification, and patient preference. Avoiding se-
rious adverse events and identifying patients at high risk for
malignant arrhythmias and SCD is the ultimate goal of therapy
[13]. Several studies have assessed the efficacy and safety of
pharmacological and non-pharmacological therapies in pa-
tients with ARVC, yet large prospective randomized con-
trolled trials are lacking.

Pharmacological Therapy

Antiarrhythmic drugs (AADs) have been used as adjunc-
tive therapy to reduce frequent ICD discharges due to
recurrent VT [14]. Beta-blockers have shown to be effec-
tive in reducing adrenergically stimulated arrhythmias
[15]. However, the available evidence for ARVC patients
is from observational studies, which have shown conflict-
ing results. Amiodarone and sotalol have been proposed
as effective treatments of sustained monomorphic VT in
patients with ARVC. In 1992, Wichter et al. reported in
patients with ARVC that sotalol was the most effective
medication in the treatment of both inducible and non-
inducible VT with efficacy rates of 68.4 and 82.8%, re-
spectively [16]. ARVC patients who did not respond to
sotalol were non-responders to other AAD including ami-
odarone [16]. Conversely, Marcus et al. reported that nei-
ther beta-blockers nor sotalol seemed to be protective
against clinically relevant VT. Additionally, patients on
sotalol were found to have an increased risk for signifi-
cant VT. On the other hand, amiodarone, although only
received by a relatively small number of patients, had the
greatest efficacy in preventing VT in this study [17].
These inconsistent data need to eventually be addressed
in the future with randomized clinical trials. The addition
of flecainide in combination with sotalol/metoprolol may
be an effective antiarrhythmic strategy for the control of
ventricular arrhythmias in patients with ARVC refractory
to single-agent therapy and/or catheter ablation (CA) [18].

Non-Pharmacologic Treatment

Implantable-Cardioverted Defibrillator When assessing
the need for primary prevention ICD placement, predictive
markers of higher risk for SCD would ideally be clearly de-
fined. However, these high-risk markers for SCD have not
been well defined by large prospective trials for ARVC. As
per the 2008 ACC/HRS device guidelines (and unchanged in
the 2012 update), NSVT on non-invasive monitoring, severe
RV dilation, extensive RV involvement, LV involvement, un-
explained syncope, and male sex may serve as markers of
higher risk. As such, these patients are potential candidates
for a prophylactic ICD even in the absence of prior VA [13].
Additionally, patients with genotypes of ARVC associated
with a high risk for SCD (e.g., ARVC/D 5-TMEM43) should
be considered as possible candidates for primary prevention
ICD therapy [19]. In 2005, Hodgkinson et al. identified 11
families from Canada who were affected by autosomal-
dominant ARVC 5 TMEM43, which is related to mutation at
chromosome 3-3p25 and is associated with early SCD, espe-
cially in men [19]. There are no specific prospective random-
ized trials for secondary prevention of SCD in an ARVC pop-
ulation, or comparing medical therapy versus ICD. However,
observational studies from different centers consistently show
a high rate of appropriate ICD firings for VA and a low rate of
arrhythmic death in the ARVC patients who have received an
ICD. Corrado et al. determined the impact of ICD therapy on
SCD prevention in patients with ARVC [20]. The authors
followed 132 patients after successful ICD implantation due
to cardiac arrest, sustained VT, unexplained syncope, and/or
family history of SCD due to ARVC. After a follow-up of
3.3 years, 48% of the patients received appropriate ICD inter-
vention for episodes of VT. The total patient survival rate at
3.3 years was 96% in patients with an ICD compared with
72% of the projected SCD-free survival rates without the de-
vice (P < 0.001). Significant predictors of malignant VTwere
identified and included young age, history of cardiac arrest or
VT with hemodynamic compromise, unexplained syncope,
and involvement of the left ventricle. Bhonsale et al. also
reported important predictors of appropriate ICD intervention
in ARVC patients in whom ICD were implanted for primary
prevention of SCD. These factors included the presence of
non-sustained VT and inducibility at EPS [21].

Although there is clear evidence for secondary prophylaxis
ICD implantation in ARVC, short- and long-term complica-
tions are frequently observed with these devices. The fibro-
fatty infiltration of the RV causes problems in ICD lead place-
ment including aneurysmal rupture. ARVC patients are usu-
ally younger compared to patients with ICD indications due to
other diseases. This situation leads to an increased lifetime risk
of device-related complications [22]. Developments in ICD
technology may further improve the outcomes and decrease
the risk of adverse events in patients with ARVC. Despite the
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growing use of newer technology such as the subcutaneous
ICD system, to date, there are limited data on the use of such
technology for ARVC patients; hence, the transvenous system
remains as the preferred device modality.

Radiofrequency Ablation

RF ablation of VA in ARVC has traditionally been reserved
for patients with recurrent VT despite treatment with AADs
[23, 24]. In the past, there has been a high rate of recurrence
after endocardial ablation due to the characteristic diffuse,
patchy involvement of the myocardium, including the epicar-
dium, and progressive nature of this disease [23, 24]. More
recently, several publications suggest that simultaneous epi-
cardial and endocardial mapping and ablation for VT are fea-
sible and might even result in permanent elimination of this
arrhythmia [25•].

VT in ARVC is the result of scar-related macro-reentry
circuits, similar to that observed in the post-myocardial infarc-
tion setting, which is suitable for mapping and interruption by
CA. To this end, CA may be guided by either conventional
electrophysiological or substrate-based mapping during sinus
rhythm. In the first studies of VA interruption in ARVC dating
back to 1989, Fontaine et al. [26], using direct current fulgu-
ration (160 to 280 J) in 13 ARVC patients with refractory VA,
demonstrated the feasibility of VT ablation in this entity.
However, given the high mortality rate with this technique,
it was not widely performed [26]. Subsequently, several RF
current endocardial ARVC VT ablation studies have reported
on acute and long-term ablation results. Acute success has
been obtained in 60 to 80% of patients, whereas the long-
term recurrence rate at follow-up of 3 to 5 years was lower

(50 to 70%). More recently, studies have suggested that many
of the VT reentry circuits in ARVC either originate from or
partially or primarily use the epicardium, which may
partly explain the failure of conventional endocardial
mapping/CA.

Endocardial RFAblation

Ellison et al. attempted to extrapolate ischemic VT en-
trainment mapping techniques and predictors of success-
ful ablation sites to VT in ARVC patients [27]. The au-
thors identified exit, central/proximal, inner loop, outer
loop, remote bystander, and adjacent bystander sites by
entrainment criteria. The reentrant circuit sites were found

Fig. 1 Characteristic patterns of
endocardial bipolar voltage
abnormalities in RV
cardiomyopathy and VT. Anterior
(above) and posterior (below)
views. Peritricuspid (pattern 1),
peripulmonic/RVOT (pattern 2),
or more extensive involvement
extending from both valvular
regions (pattern 3) toward the RV
apex are shown. Distribution of
abnormal electrograms is
predominantly on the free wall.
RVapex is spared, and septal
involvement is frequently
identified (arrows). With
permission from Marchlinski
et al. Circulation.
2004;110:2293–8 [24]

�Fig. 2 a Endocardial versus epicardial bipolar voltage map (anterior
view) in a patient with ARVC and VT unresponsive to endocardial
ablation. The white broken lines on the right image show the
approximated mapped endocardial surface on the combined RV-LV
epicardial voltage map shown. Note that only a small basal RV region
of low voltage was present on the endocardium in proximity to the
tricuspid valve annulus (yellow arrows). Low voltage covered the entire
epicardial free wall surface of the RV, and signals were of low amplitude,
multicomponent, fractionated, and late. With permission from Garcia
et al. Circulation. 2009;120:366–75 [25•]. b Anterior view of the
epicardial bipolar voltage map showing a diffuse area of low-amplitude
signals <0.5 mV. To define area of abnormal epicardial voltage for
comparison with endocardial voltage map, the majority of signals in
low-voltage area were also multicomponent, wide, and/or late (arrows).
With permission fromGarcia et al. Circulation. 2009;120:366–75 [25•]. c
Ablation targets identified during epicardial mapping included late
potentials (blue arrows) recorded from distal and proximal electrodes of
the ablation catheter and pace map match of VT (yellow arrow) with long
stimulus to QRS interval. With permission from Garcia et al. Circulation.
2009;120:366–75 [25•]
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predominantly around the tricuspid annulus and in the
RVOT. RF ablation acutely terminated VT in 22% of the
cases, and only 42% of the patients were rendered non-
inducible after CA [27]. However, in a study by
Marchlinski et al., using detailed RV bipolar electrogram
voltage mapping in 21 patients with ARVC (Fig. 1) [24],
VT was ablated in 19 patients by use of focal and/or linear
lesions with irrigated-tip catheters with long-term success
rates of 84% during 27-month follow-up. Consistent with
prior studies, the electrogram abnormalities in the RV
were always perivalvular and tended to extend toward
the apex, often in a cone-like manner involving both the
free wall and, to a lesser extent, the septum. Activation
and entrainment mapping followed by focal ablation was
used in only three patients with hemodynamically tolerat-
ed VT. In the remaining 16 patients with non-mappable
VT, linear lesions of 2.0 to 8.6 cm were also deployed,
with the site of ablation guided primarily by pace map-
ping. These linear lesions typically extended from the
most abnormal myocardium, with a signal amplitude
<0.5 mV, through abnormal endocardium with a good
pace map match to annular/valvular structures as previ-
ously described. In patients with less extensive
perivalvular bipolar voltage abnormalities, the linear le-
sion extended across the entire segment of abnormal myo-
cardium. Of note, more than one ablation procedure was
required in 13 patients [24]. Delal et al. sought to evaluate
the outcomes of RF CA of VT in ARVC patients focusing
on defining the single-procedure efficacy over long-term
follow-up [23]. Of these procedures, 46% resulted in
elimination of all inducible VTs, although 85% of the
procedures were followed by recurrence. The cumulative
VT recurrence-free survival was 75, 50, and 25% after
1.5, 5, and 14 months, respectively [23].

Epicardial RFAblation

Garcia et al., given the poor long-term outcomes in
endocardial-only VT ablation in ARVC, and the propen-
sity for ARVC VT circuits to originate or involve the
epicardial myocardium, first reported the feasibility and
efficacy of epicardial CA in ARVC patients who
underwent an epicardial approach after previously failed
endocardial VT mapping/ablation procedures [25•]. Using
bipolar vol tage mapping, the magni tude of the
electroanatomical scar (<1.0 mV for epicardium and
<1.5 mV for endocardium) was significantly larger on
the epicardium compared to the endocardium (95 ± 47
versus 38 ± 32 cm2; P < 0.001, respectively), and was
uniformly marked by multicomponent and late electro-
grams (Fig. 2a–c). VTs were targeted on the endocardium
and epicardium with the use of activation, entrainment, or
pace mapping with focal/linear ablation and targeting of

late potentials. Complete success was achieved in 85% of
cases (partial success in 92%), and 77% of patients were
free of VT during 18 months of follow-up [25•]. This
study demonstrated the feasibility and improved efficacy
of a simultaneous endocardial/epicardial substrate-based
ablation approach versus an endocardial ablation alone,
and suggests this approach be given strong consideration
[25•]. Given the fact that obtaining epicardial access has
several potential complications, the same group of inves-
tigators tested the hypothesis that endocardial unipolar
voltage mapping in patients with ARVC VT and pre-
served endocardial bipolar voltage might identify the ex-
tent of epicardial bipolar voltage substrate [28]. Using a
cutoff of <5.5 mV for normal endocardial unipolar volt-
age derived from 8 control patients without structural
heart disease, 10 patients with known ARVC and 13 pa-
tients with RV VT with modest or no endocardial bipolar
voltage abnormalities underwent detailed endocardial and
epicardial mapping. The area of epicardial unipolar volt-
age abnormality in most patients was on average three
times more extensive than the endocardial bipolar abnor-
mality and correlated (r = 0.63, P < 0.05 and r = 0.81,
P < 0.008, respectively) with the larger area epicardial
bipolar abnormality with respect to size (Fig. 3) [28].

Pokushalov et al. corroborated these epicardial con-
cepts in the pediatric population with ARVC-related VA
[29]. After ablation, 94.1% of the patients had no induc-
ible VT. During a mean follow-up of 26 months, 70.6%
patients remained free of any episodes of VT [29].
Coronary angiography was performed selecting a safer
area for RF applications and keeping the ablation cath-
eter in the target site position during ablation [29].
Although it is safe to deliver RF applications in the
anterolateral RV wall, it is desirable to routinely per-
form coronary angiogram to precisely localize the right
coronary artery and its major branches.

In a prospective international study in 49 patients with
ARVC-related VA, Bai et al. compared the long-term freedom
from recurrent VAvia endocardial-alone ablation versus endo-
epicardial substrate-based ablation [30]. All patients had prior
monomorphic VTwith LBBB pattern documented by ECG or
Holter, with or without syncope, and all had received an ICD.
Subsequently, they developed recurrent VTs or multiple ICD
therapies despite taking antiarrhythmic drugs AAD, including
sotalol, amiodarone, dofetilide, and beta-blockers. After a
follow-up of at least 3 years post-ablation, freedom from
VAs or ICD therapy was 52.2% in the endocardial group
and 84.6% in the endocardial/epicardial group (P = 0.029),
with 21.7 and 69.2% patients off AAD (P < 0.001), respec-
tively. The presence of >10 PVCs per minute after CA was
associated with more VA recurrence [30]. Based on this data,
it is prudent to consider an endo-epicardial approach to
ARVC-related VA.
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Fig. 4 Epicardial substrate voltage map of a patient with familial ARVC
andVTstorm. Awide inferolateral and apical dense scar was identified. A
conducting channel (CC) was identified at the base of the scar by tagging
the E-IDCs (blue dots) but not with a voltage adjustment. Electrograms
on the left correspond to the CC at the right ventricular outflow tract (blue
dots). The entrance of this CC during sinus rhythm was identified on the
basis of the activation time of the delayed components of the E-IDCs. The
activation sequence was from inferior to superior, as shown on the
sequential electrogram activation time measurement (M1–M2). In this

case, voltage mapping was also able to show this CC. Two additional
rows of tagged E-IDCs identified two CCs parallel to the tricuspid
annulus, with an activation sequence from superior to inferior. RF
applications at the CC entrance eliminated both channels with a low
number of applications. In this patient, both intrascar and interscar CCs
(due to the presence of confluent patchy scars) were eliminated. With
permission from Berruezo et al. Circ Arrhythm Electrophysiol.
2012;5:111–21 [31••]

Fig. 3 Unipolar endocardial
electrograms defining the location
and greater extent of epicardial
bipolar electrogram abnormalities.
left endocardial bipolar voltage
showing small patches of low
voltage in a patient with ARVC.
center Endocardial unipolar
voltage map demonstrates a more
extensive area of abnormal
endocardium (<5.5 mV). right
Epicardial bipolar voltage mapping
confirms the extent of abnormal
epicardium predicted by the
unipolar mapping. Black dots
represent wide, split, and/or late
electrograms consistent with scar
versus fat. Reprinted from Polin
et al. Heart Rhythm. 2011;8:76–83,
with permission from Elsevier [28]
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Ablation Strategies

Scar Dechanneling In a single-center prospective study of
11 patients with ARVC-related VA, Berruezo et al. report-
ed that in addition to an endocardial and/or epicardial

approach for ablation of the clinical ARVC VT, complete
scar dechanneling with elimination of either endocardial
and/or epicardial scar-conducting channels (i.e., intrascar,
interscar, or between scar and valvular annuli) is a prom-
ising approach to improve long-term success rate of CA

Fig. 5 Epicardial substrate voltage map with CCs identified by tagging
electrograms with isolated, delayed components. CC entrance is marked
with black dots. The amplitude of the far-field component decreases and
the delay of the local component of the electrogram registered at the
border zone increases with the distance from the edge of the scar. b 3D
anatomic map with red dots at locations where radiofrequency was
delivered (mainly at the CC entrance). c A new map after
radiofrequency ablation was obtained. Of note, a few applications
eliminated all isolated, delayed components and increased the epicardial

scar area. d RVelectrogram registry from the distal dipole of the ablation
catheter and electrogram registered at the proximal dipole of the ablation
catheter during radiofrequency application in a CC entrance in this
patient. The electrogram has two components. The first represents the
far field of the normal myocardium, and the second (black arrows)
represents the local activation at the CC entrance. During
radiofrequency application, a delay precedes the CC entrance block
(asterisk). With permission from Berruezo et al. Circ Arrhythm
Electrophysiol. 2012;5:111–21 [31••]
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[31••]. In fact, the combined endocardial and epicardial
VT ablation eliminated all clinical and induced VTs, and
the addition of scar dechanneling resulted in non-
inducibility in all cases, significantly improved from ear-
lier studies. Seven patients continued on sotalol. During a
median follow-up of 11 months, only one patient (9%)
had a VT recurrence. To identify these channels, an endo-
cardial high-density substrate voltage map of the RV was
obtained during stable sinus rhythm using the CARTO
system. Image integration between a preacquired
contrast-enhanced cardiac CT or contrast-enhanced
CMRI was performed using CartoMerge software.
Substrate mapping was performed to identify scar and
conducting channels (CCs) inside the scar, between the
scars, or between a scar and the tricuspid annulus. The
CCs have been defined as pathways of orthodromically
activated sites inside the scar. Scar CCs were identified
by (1) a color-coded voltage map adjustment of the lower
and upper thresholds (voltage channels) and (2) the pres-
ence of >2 tagged recordings of electrograms with a du-
ration >70 ms and/or isolated, delayed components (E-
IDCs), with the delayed component showing sequential
orthodromic activation (late potential channels) (Fig. 4).
Those CCs between two confluent scar areas or between a
scar and the tricuspid annulus were considered in addition
to intrascar CCs. After CC identification, the entrance of
each CC in the scar was tagged during sinus rhythm. The
CC entrance was defined as the E-IDC with the shortest

delay between the far-field component of healthy muscle
(usually low frequency, high voltage) and the local com-
ponent (delayed activation, usually with fractionation and
low voltage) corresponding to the activation of myocardi-
al tissue in the scar.

The initial step was RF catheter ablation of the clinical VT.
Activation mapping and entrainment mapping were used for
sustained, well-tolerated VT, and substrate-based ablation
guided by pace mapping was used for non-sustained or non-
tolerated VT. In addition to the clinical VT ablation, elimina-
tion of all CCs identified during substrate mapping was
attempted by means of combined endocardial and epicardial
scar dechanneling. It has been reported that the higher the scar
heterogeneity in patients with ischemia is, the higher the ar-
rhythmogenic potential of scars is. Scar heterogeneity can be
recognized during substrate voltage mapping and permits
identifying CCs of consecutive electrograms with higher volt-
age amplitude than the surrounding area, which have been
demonstrated to be responsible for VT reentrant circuits; their
elimination renders VTs non-inducible. Therefore, to reduce
possible VT relapses using different CCs than those partici-
pating in the clinical VT, the substrate-based ablation strategy
employed endocardial and epicardial scar CC elimination on
top of clinical VT ablation (Fig. 5) [31••]. The same group a
few years later published a second study, which confirmed
that the scar and the CCs responsible for VTs in patients with
ARVC are mostly epicardial and have a typical distribution,
with a preferential location in the subtricuspid area. The CCs

Table 1 Current
recommendations for RF ablation
of ARVC VT according to the
International Task Force
Consensus Statement

Class I Class IIa Class IIb Class III

CA of VT is recommended
in ARVC patients with
incessant VTor frequent
appropriate ICD
interventions on VT
despite maximal
pharmacological
therapy, including
amiodarone

CA of VT should be
considered in ARVC
patients with incessant
VT or frequent
appropriate ICD
interventions on VT
who have failed
pharmacological
therapy other than
amiodarone

CA of VT may be
considered in ARVC
patients with incessant
VT or frequent
appropriate ICD
interventions on VT
who have not failed
pharmacological
therapy and who do not
wish to be treated with
pharmacological
therapy

CA is not
recommended as
an alternative to
ICD for
prevention of
SCD in ARVC

An epicardial approach to
VT ablation is
recommended in
patients who fail one or
more attempts of
endocardial VT ablation

A combined
endocardial/epicardial
VT ablation approach as
an initial ablation
strategy should be
considered, provided
that the operator and
electrophysiological
laboratory are
experienced performing
epicardial VT ablation
in patients with ARVC

CA may be indicated as
first-choice therapy
without a backup ICD
for selected patients
with drug-refractory,
hemodynamically
stable,
single-morphology VT

With permission from Corrado et al. Circulation. 2015;132:441–53 [37••]
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can be identified during substrate mapping in SR by using
both techniques: bipolar voltage adjustment of the upper and
lower thresholds and tagging the E-IDCs with sequential ac-
tivation inside the scar. However, the latter should always be
used for a substrate-guided ablation, as this technique iden-
tifies a higher proportion of CCs and, more importantly, most
CCs that serve as the substrate for VTs. Using only the bipolar
voltage adjustment, more than 70% of the CCs and 60% of the
VT isthmuses would not be identified [32].

In a single-center study in 2015, Phillips et al. evaluated
procedural strategy, safety, and efficacy of epicardial RFA
with a focus on the substrate characteristics and recurrent
VT [33]. The majority of critical VT circuits (69%) were on
the epicardial surface, mostly in the subtricuspid region. VT-
free survival was 83, 76, and 70% at 6, 12, and 24 months,
respectively. A significant reduction of VT burden was ob-
served (P < 0.001), even among those with VT recurrence.
The only complication noted was one post-procedural pericar-
ditis. The features of the recurrent VT suggested a possible
catecholamine-mediated mechanismwith an origin in a region
not targeted for ablation (during exercise, with fast cycle
lengths) [33]. Santangeli et al. later published similar results.
VT-free survival was 71% with a mean follow-up of
56 months, with an additional 15% experiencing only a single
VT recurrent episode, and with no patient receiving long-term
amiodarone therapy [34].

Left Ventricular Involvement

Biventricular involvement with LV fibro-fatty replacement
has been found in up to 70% of the cases of ARVC. It is
usually age dependent and associated with a more severe car-
diomyopathy [35]. Berte et al. defined the imaging and elec-
trophysiological characteristics of the left-sided ARVC sub-
strate [36]. Their main findings was that LV intramyocardial
fat is present on imaging in the majority of patients with
ARVC fulfilling the modified Task Force criteria, mostly on
lateral, inferior, and apical LV segments, and with a lower
burden than the RV and that LV fat hosts the same density of
LAVA as RV fat, but is less efficiently detected by voltage
mapping [36].

Recommendations for RF ablation of ARVCVTaccording
to the International Task Force Consensus Statement have
been recently published (Table 1) [37••].

Perspective and Conclusions

Although VT ablation of for ARVC does not eliminate the
need for an ICD, given a considerable recurrence rate, it does
result in lower arrhythmia burden, lower medication depen-
dence, and increased quality of life. Future studies on a larger
scale of patients should compare traditional mapping and

ablation to different substrate modification techniques. For
refractory cases, autonomic modulation by performing
cervicothoracic bilateral sympathectomy has shown promis-
ing results [38]. RF catheter ablation of VT in ARVC patients
is considered an effective strategy management for eliminat-
ing frequent VT and ICD shocks. However, RF ablation
should not be seen as a curative therapeutic approach, until
long-term studies have been conducted. Therefore, RF abla-
tion is not an alternative to ICD therapy in patients with
ARVC and VT, with the rare exception of cases of hemody-
namically stable, single-morphology VT [37••].
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