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Abstract

Arrhythmogenic right ventricular cardiomyopathy/dys-
plasia (ARVC/D) is primarily believed to be an inherited
cardiomyopathy that subsequently results in significant
myocardial fibrosis. The arrhythmogenic consequences
that result from the development of fibrosis are similar
to other nonischemic cardiomyopathies, but the unique
endocardial-epicardial disease process of ARVC/D re-
quires a specialized approach for arrhythmia treatment
in the electrophysiology laboratory. Although the asso-
ciation between ARVC/D and development of ventricu-
lar arrhythmias has become increasingly clear over the
last 2 decades, our understanding of the arrhythmia
mechanisms, underlying electrophysiologic substrate,
and treatment strategies were significantly limited.
Prospective studies performed in the electrophysiology
laboratory allowed detailed characterization of the elec-
trophysiologic and electroanatomic substrate underlying
ventricular tachycardia in patients with ARVC/D. This
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has allowed clinician scientists to better characterize
the arrhythmia mechanism and develop the necessary
strategies to perform successful catheter ablation. Early
in this experience, catheter ablation was considered a
limited and largely unsuccessful treatment for patients
experiencing painful and recurrent defibrillator therapy.
Through our increased understanding of the disease
process, catheter ablation has evolved to become an
effective and preferred therapy for a majority of these
patients. Our understanding of the disease and nec-
essary approaches to provide successful treatment
continues to evolve as the clinical experience grows.
This article will review these important insights from
the electrophysiology laboratory and how application
of this knowledge has facilitated the development of a
methodical approach to successfully perform ventricular
tachycardia ablation in patients with ARVC/D.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: This review article evaluates seminal insights
derived from the electrophysiology laboratory and the
lessons learned to develop a methodical approach that
can utilized to successfully perform ventricular tachy-
cardia ablation in patients with arrhythmogenic right
ventricular cardiomyopathy/dysplasia.
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INTRODUCTION

Arrhythmogenic right ventricular cardiomyopathy/dys-
plasia (ARVC/D) is a fascinating disease that continues
to challenge clinicians and scientists since it was first
described in 1728"". Though several hypotheses have
been proposed for the undetlying cause of ARVC/D, it
is primarily believed to be an inherited cardiomyopathy
resulting from gene mutations that encode desmosomal
proteins, the organelle responsible for cell-cell adhesion.
Desmosomal dysfunction in patients with ARVC/D
leads to inadequate cell adhesion and subsequent myo-
cyte detachment and apoptosis™”. The accumulation
of fibrous and adipose tissue predominantly affects the
right ventricular free wall and typically extends inward
from the epicardium toward the endocardial surface™’,
Although this underlying process of ventricular scar-
ring is unique to ARVC/D, the arrhythmogenic conse-
quences that result from the development of fibrosis are
similar to other nonischemic cardiomyopathies. The ex-
tensive right ventricle (RV) fibrosis results in inhomoge-
neous conduction with slow and discontinuous electrical
propagation in sinus rhythm that serves as the substrate
for ventricular arrhythmias. Although the association
between ARVC/D and the subsequent development of
ventricular arrhythmias had become increasingly clear

following early clinical cohort reports, the characteriza-
tion of arrhythmia mechanisms, the undetlying electro-
physiologic substrate, and treatment strategies were, until
recently, pootly understood and limited.

Much of our understanding of the electrophysiologic
and electroanatomic substrate underlying ventricular
tachycardia (VT) in patients with ARVC/D was detived
from studies performed within the electrophysiology lab-
oratory. Through this experience, much has been learned
about the arrhythmia mechanisms and strategies required
to facilitate successful catheter ablation. The ability to
localize and define the associated abnormalities essential
for VT enhanced the effectiveness of catheter ablation
procedures. What was once considered a treatment of
last resort has now become the preferred therapy for
most patients with documented ventricular arrhythmias.
In addition, assessment of the anatomic substrate during
electrophysiology procedures has shed important light on
controversies pertaining to disease pathogenesis.

This review article will evaluate these seminal insights
derived from the EP lab and the lessons learned to de-
velop a methodical approach that can be utilized to suc-
cessfully perform VT ablation in patients with ARVC/D.

PATIENT SELECTION FOR CATHETER

ABLATION
Patients are typically diagnosed with ARVC/D after clini-

cal manifestation of signs or symptoms during the sec-
ond to fifth decade of life. We recommend implantable
cardioverter-defibrillator (ICD) implantation to a major-
ity of patients due to the high incidence of ventricular
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arrhythmias associated with the disease after a definitive
diagnosis is made according to the task-force criteria
guidelines'”. Although ICD therapy is routine, manage-
ment of recurrent VT with frequent device therapy can
be difficult. Antiarrhythmic medications are often pootly
tolerated and may only provide incomplete VT' control.
Inadequate arrhythmia control and the use of multiple
antiarrhythmic medications is particularly debilitating for
these young, and often physically very active patients.

Although techniques used in catheter ablation of
VT in patients with ARVC/D have evolved over the last
decade, outcomes are still inconsistent, ranging from
50%-90%"". This is likely the result of a number of dif-
ferent mapping and ablation strategies with variable
endpoints, follow-up assessment, and operator experi-
ence®. In our experience at the University of Pennsyl-
vania, a comprehensive ablation strategy that targets both
the endocardial and epicardial substrate with elimination
of abnormal electrograms and all inducible VT provides
long-term drug-free arrhythmia control in a large major-
ity of patients. For this reason, we offer catheter ablation
to all patients with recurrent VT refractory or intolerant
to medical therapy.

INSIGHTS FROM ELECTROANATOMIC
MAPPING: DEFINING THE
ELECTROPHYSIOLOGIC AND
ELECTROANATOMIC SUBSTRATE

UNDERLYING VT IN ARVC/D

Endocardial substrate
Advances in 3D electroanatomic mapping enabled a
more thorough understanding of the complex electro-
physiologic substrate in patients with ARVC/D and VT.
Abnormal RV endocardial regions can be localized with
electroanatomic mapping by identifying regions of low
bipolar RV endocardial voltage (< 1.5 mV) and long-
duration, low-amplitude, fractionated potentials. These
key areas identified have been correlated to relevant
histopathologic findings (myocyte loss with fibrofatty
replacement) and critical VT circuits confirming the in-
volvement of these areas in the arrhythmogenic mecha-
nism"", The endocardial distribution of electroanatomic
scar in patients with VT and ARVC/D typically extends
from the triscuspid valve and/or the pulmonary valve to
the RV free wall. Low-voltage abnormalities can also be
found on the septal aspect of the petivalvular region(s),
but typically does not include the RV apex (Figure 1),
Although ARVC/D is known to primatily involve the
RV, involvement of the left ventricle (LV) is more frequent
than previously recognized. LV abnormalities have been
documented with electroanatomic mapping and typically
involve the basal perivalvular region, which is characteris-
tic of other non-infarct related cardiomyopathies (Figure
2), Consideration of endocardial LV involvement is of
particular importance if right bundle branch block VTs
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Figure 1 Bipolar right ventricle endocardial voltage maps demonstrating
characteristic patterns of low voltage (< 1.5 mV) regions identified in pa-
tients with arrhythmogenic right ventricular cardiomyopathy/dysplasi and
ventricular tachycardia in anterior and posterior views. Peritricuspid (pattern
1), peripulmonic (pattern 2), or more extensive involvement extending from both
valvular regions (pattern 3) is shown. Distribution of abnormal electrograms is
predominantly free wall. Right ventricle apex is spared, and septal involvement
is frequently identified (arrows). Adapted from Marchlinski et al™® with permis-
sion. AP: Anterior; PA: Posterior.
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Figure 2 Bipolar right ventricle and left ventricle endocardial voltage
maps highlighting location of abnormal endocardium and origin of ven-
tricular tachycardia in a patient with right ventricle cardiomyopathy and
ventricular tachycardia. Electroanatomic abnormalities include both the tri-
cuspid and mitral valves from tricuspid and mitral valves (black arrows). Origin
of ventricular tachycardia (VT) based on activation and pace mapping was
perivalvular mitral for the RBBB VT and perivalvular tricuspid valve for LBBB
VT (dashed lines). Adapted from Marchlinski et af*® with permission. RV: Right
ventricle; LV: Left ventricle.

with positive R waves in the precordial leads are seen as
this suggests an LV VT exit site of interest.

Epicardial substrate

Despite periprocedural advances with irrigated ablation
catheter technology and criteria to identify RV endo-
cardial bipolar electroanatomic voltage abnormalities,
the endocardial ablation approach provides only mod-
est long-term arrhythmia freedom"”. The epicardial to
endocardial scarring process associated with ARVC/D
often results in a more extensive abnormal epicardial
substrate that may not be amendable to endocardial abla-
tion alone. Insights from percutaneous epicardial map-
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Figure 3 Epicardial right ventricle bipolar voltage map and isolated late
potentials in sinus rhythm. A: Demonstrates significant epicardial bipolar volt-
age abnormalities (< 1.0 mV) over the right ventricle free wall. The black tags on
the electroanatomical map represent areas of abnormal fractionated and/or late
signals identified during sinus rhythm voltage mapping; B: Provides an example,
as exhibited by the white arrows, of an isolated late potential. AP: Anterior.

ping and ablation procedures in patients with ARVC/D
and VT have demonstrated the important role of the
epicardium. Abnormal epicardial low-voltage areas are
typically much larger than the corresponding endocardial
region; with extensive networks of late activation and
fractioned signals[l()’“’]. Assessment of the epicardial volt-
age map should be performed with voltage threshold
set to 1.0 mV to identify abnormalities consistent with
scar as opposed to epicardial fat (Figure 3)!". Due to the
widespread extent of confluent scarring in these patients,
it is very common to identify multiple VT circuits that
may involve both endocardial and epicardial surfaces.
In addition, the dense mid-myocardial/sub epicardial
fibrosis can create an effective barrier for endocardial to
epicardial spread of activation. The resultant layered and
delayed activation of the epicardium from the edges of
the scar creates the milieu for an isolated VT circuit en-
tirely confined to the epicardium and requiring epicardial
access and direct ablation for elimination (Figure 4)". In
patients that have failed endocardial ablation, repeat abla-
tion targeting the epicardial circuits was associated with
superior long-term success rates'"”. For these reasons,
the operator should always anticipate a high likelihood
of needing epicardial access for mapping and ablation to
achieve a successful outcome.

Although identification of abnormal epicardial sub-
strate is best achieved through a percutaneous pericardial
puncture, analysis of unipolar endocardial voltage maps
with the associated larger field-of-view, provides informa-
tion pertaining to the degree of epicardial abnormality
present. Areas of unipolar voltage < 5.5 mV are as-
sociated with epicardial abnormalities. Unipolar voltage
abnormalities identified during RV endocardial mapping
that far exceed the bipolar endocardial substrate is highly
suggestive of a more extensive epicardial > endocardial
substrate that is consistent with the ARVC/D substrate
in patients with VT (Figure 5). Additional clues to the
requirement for epicardial mapping and ablation include
surface ECG morphologies of VT suggesting epicardial
exits (QS complex in the inferior leads and/or right pre-
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Figure 4 Right ventricle endocardial and epicardial activation maps and epicardial bipolar voltage maps of a control patient (A) and a patient with arrhyth-
mogenic right ventricular cardiomyopathy/dysplasia (B) are shown. A: From control patient demonstrates continuous and rapid activation from the anteroseptal
region toward the infundibulum and tricuspid annulus. The endocardial (not shown) and epicardial voltage map did not reveal any late potential or substantive voltage
abnormalities; B: From patient with ARVC/D demonstrates significant epicardial scarring with epiendo isolated late potentials (black tags) on the bipolar voltage map.
The activation wavefront is significantly delayed into the scar due to the extensive epicardial disease. Adapted from Haggani et af™® with permission. RAO: Right ante-

rior oblique; LAO: Left anterior oblique.

Figure 5 Bipolar and unipolar endocardial right ventricle voltage maps
in a patient with ventricular tachycardia in the setting of arrhythmogenic
right ventricular cardiomyopathy/dysplasia. A and B: Demonstrate no
substantial endocardial substrate on bipolar voltage map; C: Demonstrates a
substantial area of unipolar voltage abnormality (< 5.5 mV) encompassing most
of the right ventricle free wall in the same patient. AP: Anterior; PA: Posterior.

cordial leads), the presence of isolated epicardial scar on

magnetic resonance or intracardiac echo imaging, and/or
. . . . 16,19,20

prior failed endocardial ablation """,

Disease progression

Although much has been learned about the process
of fibrosis underlying ARVC/D, thetre continues to be
significant phenotypic variability for reasons that have
not been cleatly elucidated. Of note, multiple genes that
have been implicated in the disease and this may lead to
marked variability of phenotypic expression. It is unclear
if disease progression is the result of a continuously pro-
gressive degenerative process or rather periods of disease
stability followed by serial detetiorations associated with
a distinct triggeting event. The belief that ARVC/D is a
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degenerative disorder has notably influenced treatment
plans, particularly referral for catheter ablation. The de-
generative hypothesis has been used as an explanation of
unfavorable outcomes, thus labeling catheter ablation as
a limited therapeutic option for patients with ARVC/D
and VT. We have demonstrated, utilizing detailed electro-
anatomic mapping, progressive RV dilatation in patients
presenting for repeat ablation procedures, but with no or
only minimal macroscopic scar progression in a majority
of patients (Figure 6)P. This data along with the favor-
able outcome following endocardial/epicatrdial ablation
and the demonstrated complex relationship between
various genetic components and possible environmental
or acquired factors favors a disease etiology that is not a
primary deteriorating process.

PROCEDURAL APPROACH-LESSONS
LEARNED
Mapping and ablation

Detailed assessment of the endocardial and epicardial
electroanatomic maps has provided the much-needed
insights into the complex abnormal substrate in patients
with ARVC/D and VT. The cornerstone of developing
a successful ablation approach in these patients requires a
thorough understanding of this underlying substrate, pat-
ticularly recognizing the importance of the epicardium.
Through this evolving process, we have developed a sys-
tematic approach to evaluating the substrate and perform-
ing catheter ablation in these patients, much of which is
centered on important lessons learned from within the
electrophysiology laboratory over the last 2 decades.

September 26, 2014 | Volume 6 | Issue 9 |



Tschabrunn CM et a/. Ablation of ventricular tachycardia in ARVC/D

Figure 6 Right ventricle endocardial sinus rhythm bipolar voltage maps for 4 patients who did not develop scar progression over time. Each patient shows
complementary views in the anterior (AP), right anterior oblique (RAO), and left anterior oblique (LAO) projections during initial and subsequent catheter ablation pro-
cedures. Normal voltage regions are represented in the purple regions and low voltage areas are represented in red. Adapted from Riley et af*” with permission. PA:

Posterior.

The general principles common to the ablation of all
scat-related VT also apply in ARVC/D. However, in con-
trast to the post-infarction patient, the operator should
anticipate a high likelihood of needing epicardial access
for mapping and ablation to achieve a successful outcome
for the reasons discussed. Evaluation in the EP laborato-
ry typically begins with patients under conscious sedation
to maximize the chances that induced VTs will be hemo-
dynamically tolerated. A detailed RV endocardial voltage
map is created in sinus thythm using the standard 0.5-1.5
mV voltage cutoffs to define the endocardial substrate as
previously discussed*. Special attention is focused on
the periannular area and any identified low-voltage areas
to ensure adequate sampling has occurred™ . Occasion-
ally, it can be technically challenging to perform catheter
manipulation in the periannular tricuspid valve region. It
is imperative to ensure adequate catheter contact during
mapping to confirm low-voltage areas are from abnor-
mal substrate and not inadequate catheter-tissue contact.
This process can be facilitated by (1) using a sheath that
extends transvenously to the tricuspid valve and provides
stability; and/or (2) looping the mapping catheter in the
RV to facilitate acquisition of detailed recording along the
free wall adjacent to the annulus. Colored tags are placed
on the electroanatomic map when fractionated signals
and/or isolated late potentials are identified to keep track
of their location™*". Pacemapping is performed at sites
of interest with late potentials and other multicomponent
electrograms and are carefully analyzed. A match of the
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pacemap QRS morphology of the VT coupled with a
long stimulus to QRS interval will identify additional sites
of interest, which are given their own unique color tag;
A sudden transition in paced QRS morphology coupled
with changes in the stimulus to QRS interval may define
anatomic boundaties of the isthmus or if a long stimulus
to QRS is still identified a critical isthmus of conduction
that will need to be tagged and ultimately targeted for ab-
lation.

After completing the endocardial RV sinus rhythm
substrate map and detailed pacemapping, programmed
ventricular stimulation is performed. ICD electrograms
are also recorded when VT is initiated. Induced VT ECG
morphology and ICD electrograms are compared to pre-
viously captured clinical arrhythmias in addition to the
pacemap morphologies that were obtained during sinus
rhythm mapping. Assessment of ICD electrograms may
be especially useful if clinical arthythmia ECG tracings
are unavailable”. An endocardial ablation strategy is
guided primarily by activation and entrainment mapping
whenever possible of any hemodynamically tolerated
VTs. It is not uncommon for unstable VT to be induced
that is characterized by changes in morphology with any
catheter manipulation or rates that results in hemody-
namic instability. The VTs may not be amenable to local-
ization utilizing conventional activation and entrainment
mapping techniques. In these cases, ablation is guided by
pacemapping and detailed substrate assessment. Ablation
lesions are usually applied with an irrigated tip catheter
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Figure 7 Epicardial right ventricle free wall activation maps illustrating propagation wavefront of epicardial isolated potentials in a patient with arrhythmo-
genic right ventricular cardiomyopathy/dysplasia. A: Right ventricle (RV) free wall activation via a broad wavefront progressing toward the inferior RV; B: A diverg-
ing pattern of activation, initially broad, but subsequently branching as it progresses through the scar; C: Reverse centripetal pattern with outside activation progress-
ing inward with wavefront collision in the center of the scar. Adapted from Hagqani et al"® with permission.

for a minimum of 90 s. Power delivery begins at 20 Watts
and is typically titrated to a maximum of 40 Watts to ob-
tain a 12-15 Ohm impedance drop or approximately 10%
decrease from the baseline impedance.

Any VT that can be mapped and successfully ablated
from the endocardium is targeted initially. The use of ir-
rigated RF energy delivery may eliminate all induced VTs
with endocardial ablation alone” though this is less likely
in the context of ARVC/D than in ischemic VT. Epicat-
dial mapping is required in cases when inducible VT is still
present after endocardial ablation and should be planned
for most patients.

When appropriate, the next step in the mapping and
ablation procedure is to obtain intrapericardial access
and perform epicardial mapping™. We prefer to perform
detailed endocardial mapping and ablation before pro-
ceeding with epicardial access. This has the advantage of
eliminating many of the VTs and allowing for some VT
control in most patients should the procedure be aborted
due to difficulties or complications that may occur from
the pericardial puncture.

Patients are usually placed under general anesthesia
prior to performing the pericardial puncture, though we
have performed the procedure under conscious seda-
tion with remifentanil and midazolam in select cases™. A
posterior access approach after subxiphoid entry with the
Touhy needle is favored as patients with ARVC/D typi-
cally have RV dilatation that may increase the risk of RV
perforation with an anterior approach (surgical backup
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should always be readily available throughout the proce-
dure). The posterior epicardial approach should begin just
under the rib margin to minimize risk of liver laceration
(Supplemental Video). After pericardial access is obtained,
a detailed epicardial sinus rhythm voltage map is created
in a similar fashion as described for the endocardium, but
with voltage threshold set to 1.0 mV to identify abnormal-
ities consistent with scar as previously described"”. Pro-
grammed stimulation is repeated and, if hemodynamically
tolerated, the induced V'Ts are mapped using conventional
activation and entrainment techniques. When this is not
possible, as is frequently the case and further exacerbated
by additional anesthetic vasodilatory effects, a substrate
ablation strategy is required. An extensive epicardial le-
sion set is designed to incorporate sites of pacemap QRS
matches to induced or clinical VT morphologies and all
markedly abnormal multicomponent or late electrograms
within the low voltage area that were identified during the
detailed substrate map. On occasion we have been able
to map the sequence of late potentials from earliest to
latest originating at the scar border (Figures 4 and 7) and
targeting the earliest late potential can effectively eliminate
a large area of subsequent late potential activation. Oc-
casionally, areas of abnormal electrograms can extend
beyond the defined area of low voltage and these signals,
late or split electrograms, should be targeted for ablation
particularly if associated with a long stimulus to QRS and
QRS morphology with pacing that matches the VT. These

observations emphasized the crucial importance of pay-
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Figure 8 Fluoroscopic image in the left anterior oblique projection show-
ing distribution of contrast restricted by pericardial compartmentalization
from prior epicardial mapping and ablation. In this particular case, a deflect-
able catheter with a steerable sheath was not able to disrupt the adhesions and
a more anterior epicardial access was required to bypass the area of compart-
mentalization to target the area of interest. Adapted from Tschabrunn et af*".

ing attention to electrogram characteristics as well as volt-
age when performing epicardial substrate mapping.

Special considerations pertaining to epicardial mapping
and ablation

Coronary angiography is performed prior to epicardial
ablation to ensure adequate distance between the coro-
nary arteries (particularly the RV marginal branch of
the right coronary artery) and ablation catheter. Phrenic
nerve proximity to epicardial ablation sites is not an issue
in ARVC/D cases although direct diaphragmatic stimula-
tion may occur on the diaphragmatic surface of the RV.
Epicardial ablation parameters for energy delivery are
generally similar to the endocardium although the irriga-
tion flow-rate is maintained at a lower rate (10-17 mL/
min) to avoid unnecessary fluid accumulation with less
concern about coagulum formation. Ideally, intracardiac
echocardiography (ICE) is used to monitor lesion devel-
opment and to assess for any complications throughout
the procedure. Epicardial fat and thick fibrofatty replace-
ment tissue can make it difficult to create lesions during
epicardial ablation. It is important to ensure good contact
at the catheter-tissue interface and optimal impedance
drops for each lesion.

At the conclusion of the procedure, triamcinolone ac-
etate (2 mg/kg) is injected into the pericardial space and
allowed to disperse for 15 min before any suction is ap-
pliedm. This has been shown to minimize the severity of
the pericardial inflammatory reaction following epicardial
ablation lesion delivery and facilitates future percutane-
ous pericardial access if required™. The pericardial drain
is then attached to a passive suction device and removed
the following morning after a transthoracic echocardio-
gram has confirmed no fluid accumulation overnight.

If a repeat procedure is required, the operator should
be prepatred to encounter pericardial adhesions during
repeat epicardial mapping and ablation. These adhesions
will be typically limited early after the initial procedure.
The adhesions can usually be interrupted with the use
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of a steerable flexed catheter tip coupled with a steerable
sheath. Elimination of the adhesions will allow for de-
tailed mappingm]. Careful monitoring for bleeding is im-
portant when disrupting the adhesions and is facilitated
by utilizing ICE throughout this process. It is possible
for dense adhesions to compartmentalize the epicardial
surface and preclude access to the entire surface without
re-accessing the pericardial space with a more anterior
puncture (Figure 8)[33]. When adhesions are found to be
resistant to dissection, consideration should be made
to have the patient undergo an open-chest procedure
through a surgical incision, as the adhesions may not be
safely lysed if a flexed catheter “u” shape cannot be ad-
vanced. A sternotomy may be required to permit dissec-
tion of matted pericardium that may not be amenable to
catheter dissection.

Procedural endpoints

Our experience has consistently demonstrated that exten-
sive endocardial and epicardial ablation is likely required
to abolish all induced VTs. The primary procedure end-
point in these cases is both the elimination of a majority
of abnormal electrograms and elimination of all induced
VTs. Aggressive programmed stimulation should be
performed as part of the evaluation of efficacy, includ-
ing 2 stimulation sites, the introduction of up to triple
extrastimuli, and the use of isoproterenol before the VT
is described as non-inducible.

Non-invasive programmed stimulation through the
ICD is performed 1-2 d after the ablation off antiarrhyth-
mic drugs (AADs) to ensure continued non-inducibility™.
Induction of VT suggests the need for further ablation
in order to achieve a favorable long-term antiarrhythmic
drug-free outcome.

Whenever possible, AADs are discontinued and pa-
tients continue with beta-blocker therapy only. Approxi-
mately one third of our patients continue to be treated
with low dose sotalol therapy, but the effort to discontin-
ue amiodarone has been successful in all but one patient
in our experience with 62 ARVC patients.

CONCLUSION

Ventricular tachycardia in ARVC/D patients can be a dif-
ficult clinical problem to manage. Antiarrhythmic medi-
cations are often ineffective or not tolerated leaving these
young and active patients at high risk for recurrent ICD
shocks. Much has been learned about the underlying ar-
rhythmia substrate and the appropriate strategies required
to facilitate successful catheter ablation. This comprehen-
sive and extensive ablation strategy that targets both the
endocardial and epicardial substrate with elimination of
abnormal electrograms offers long-term, drug-free ar-
rhythmia control in a majority of patients.
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