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EDITORIAL COMMENT

Further Progress in Predicting
Life-Threatening Arrhythmias in
Patients With Arrhythmogenic
Right Ventricular Cardiomyopathy*
Cynthia A. James, PHD, Hugh Calkins, MD

A

rrhythmogenic right ventricular cardiomyop-

(LAE), deﬁned as SCD, aborted cardiac arrest, or an

athy (ARVC) is an important cause of sudden

electrical storm. The ﬁrst LAE resulted in SCD in 26

cardiac death (SCD) in young adults. Since

patients, resuscitation in 15, and survival in 32 who

ARVC was ﬁrst described in the modern scientiﬁc

had an ICD in place. A total of 47 (18%) patients

published data in 1982 in the seminal work of Marcus

experienced a ﬁrst LAE during a median 5.8 years of

et al. (1), remarkable progress has been made. Notable

follow-up. The cumulative probability of a ﬁrst LAE

advancements include: 1) the discovery of the genetic

during follow-up was 14% at 5 years, 23% at 10 years,

basis of the disease; 2) optimal approaches for

and 30% at 15 years. History of syncope, hemody-

diagnosis; 3) deﬁnition of the natural history of

namically tolerated monomorphic ventricular tachy-

ARVC; 4) greater understanding of fundamental path-

cardia (VT), atrial ﬁbrillation, strenuous exercise, and

ophysiologic mechanisms; 5) deﬁning the critical link

male sex were independent predictors of LAE in

between exercise and the development and outcomes

follow-up.

of ARVC; 6) identiﬁcation of risk factors for malignant

The authors presented sobering data on the efﬁcacy

ventricular arrhythmias; and 7) increased recognition

of antiarrhythmic medication and catheter ablation in

of the role of implantable cardioverter-deﬁbrillators

preventing life-threatening arrhythmias. Among the

(ICDs) and catheter ablation in management (2).

278 patients in whom follow-up was available, 119

SEE PAGE 2540

(43%) were treated with a beta-blocker, sotalol, or
amiodarone. The rate of LAE in these patients did not

In this issue of the Journal, Mazzanti et al. (3) report

differ before and after initiation of this therapy. Like-

the natural history and arrhythmic outcomes of 301

wise, catheter ablation (performed in 27 patients) did

patients with ARVC from Pavia, Italy. With publication

not decrease the rate of LAE and VT that occurred

of this paper, the body of knowledge regarding risk

within the 2 years of ablation in 59% of those patients.

prediction and management strategies advances 1

ICDs were implanted in 81 (29%) patients, of whom 31

step further. The patient population included 163

had an LAE successfully terminated by their device

probands and 138 family members who met 2010

during follow-up. One patient with an ICD died due to

diagnostic criteria. Overall, 73 patients (24%) experi-

VT storm. It is notable that most patients receiving ICD

enced at least 1 life-threatening arrhythmic event

therapy for an LAE were being treated with antiarrhythmics (sotalol in 9 patients, amiodarone in 5 patients, and a beta-blocker in 12 patients), and 7 patients

*Editorials published in the Journal of the American College of Cardiology
reﬂect the views of the authors and do not necessarily represent the

had undergone catheter ablation.
This study is a welcome addition to the published

views of JACC or the American College of Cardiology.

data as we continue our quest to fully understand
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all aspects of ARVC. This study is unique for a num-
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ber reasons. First, it represents the initial description

consultant for Medtronic and St. Jude Medical; and receives research

of clinical characteristics of patients with ARVC from
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a highly respected Italian center. Second, this paper
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presents a comprehensive analysis of outcomes

Although we have summarized and highlighted the

of this patient population. Third, this study uses a

important ﬁndings of this paper, we would be remiss in

unique approach to deﬁning outcomes focusing

our duties as editorialists to fail to point out some of

on life-threatening arrhythmic events. And ﬁnally,

the study’s limitations and omissions. One of the most

this study attempts to address the important ques-

notable limitation relates to the deﬁnitions employed.

tion of whether therapies other than ICDs improve

The authors have come up with a novel study endpoint

arrhythmic outcomes of ARVD/C patients.

that they term “life-threatening arrhythmic event,”

We would like to focus our comments initially on

deﬁned as SCD, aborted cardiac arrest, or electrical

what we believe are the most important ﬁndings of

storm. The conventional deﬁnition of VT storm is 3 or

this study. First, this study identiﬁed hemodynami-

more separate episodes of sustained ventricular

cally stable monomorphic VT as an independent risk

tachycardia or ﬁbrillation within 24 h. The authors

factor for an LAE among patients with ARVC. This

of this study, for unknown reasons, deﬁned electrical

ﬁnding, consistent with our own experience, has

storm as 3 or more separate episodes of ventri-

important implications in patient management. Some

cular ﬁbrillation or hemodynamically not tolerated

investigators in the ﬁeld have argued for decades that

(syncopal) VT within 24 h requiring resuscitation and/

patients with hemodynamically stable VT have an

or deﬁbrillation. We do not believe it is helpful to the

excellent prognosis and that ICD implantation is not

ﬁeld to develop these types of novel deﬁnitions as it

warranted. Reﬂecting this belief are the recommen-

is important to have a common language to compare

dations of the recent consensus document on ARVC

study outcomes. Prior studies, including those con-

management, which lists a history of sustained VT as

ducted by our program, have used the endpoints of

a Class IIA indication for ICD implantation (4). In the

sustained ventricular arrhythmia or a potentially

United States, the standard of care has always been to

lethal ventricular arrhythmia, deﬁned as a sustained

implant an ICD in these individuals. Perhaps reﬂect-

ventricular arrhythmia with a cycle length of #240 ms

ing this difference in approach, the proportion of in-

(11). Another small detail, which we ﬁnd novel, was the

dividuals presenting alive who died of a lethal

very strict deﬁnition of “asymptomatic” that Mazzanti

arrhythmia in follow-up in this study (12 of 278; 4.3%)

et al. (3) used in this study. Asymptomatic was deﬁned

is nearly double what we recently observed in a

as no history of sustained VT, LAE, or arrhythmic

cohort of Dutch and U.S. patients with ARVC (16 of

syncope. This contrasted with our approach to

646; 2.5%) (5). In the U.S./Dutch cohort, ICDs were

deﬁning symptoms, which is much broader and in-

implanted in 440 of 598 patients with ARVC pre-

cludes palpitations, pre-syncope, and dyspnea attrib-

senting alive, and lethal arrhythmias occurred in only

uted to ARVC. We suspect this strict deﬁnition may

2 (0.45%) ICD-treated individuals.

explain their ﬁnding that more than one-half of LAEs

A second important ﬁnding was the identiﬁcation

occurred prior to onset of symptoms.

of exercise as an important risk factor for an LAE. This

There were several other limitations of this study.

observation added to the chorus of studies from

First, a close look at the methods and results sections

throughout the world calling attention to the fact that

reveals that patients were incompletely phenotyped

patients with ARVC who participate in competitive

and represented a group with relatively limited

exercise have worse outcomes (6–8). Finally, the re-

structural disease. It is striking to us that an electro-

sults of this study provided additional support to the

cardiogram, which all would agree is the single most

long-held belief that pharmacological agents and

important test for diagnosing ARVC, was only obtained

catheter ablation do not lower the risk of sudden

in 85% of patients. We were surprised to learn they had

death in ARVC, but rather should be used to reduce

diagnosed ARVC in a child 1.9 years of age. In our 17-

the frequency of symptomatic VT events and, in

year experience with ARVC, we have never diagnosed

doing so, improve quality of life (9). We advise beta-

ARVC at an age <10 years. The low yield of genetic

blockers for patients with ARVC because beta-

testing also differed from our experience. A patho-

blockers have been shown to reduce SCD and help

genic mutation was identiﬁed in only 37% of patients

reduce inappropriate ICD therapies in other patient

with ARVC (46 of 163; 28% of families) in this study.

populations, and likely reduce VT events in patients

This low yield of genetic testing can be explained to

with ARVC. Most VT events in patients with ARVC

some degree by the fact that comprehensive genetic

occur during exercise when catecholamine levels are

testing was not consistently performed in the study’s

high. It is also worthwhile to consider the recent

subjects. This contrasted with our recent series

report

infusions

involving 1,001 patients and family members in which

invariably triggered sustained ventricular arrhyth-

a pathogenic mutation was identiﬁed in nearly 70% of

mias in patients with ARVC (10).

individuals (63% of probands). Taken together, these

that

high-level

catecholamine
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issues lead us to be concerned regarding the care

mutation status of an individual is known or can be

taken to properly phenotype patients in this study.

calculated on the basis of position in the pedigree,

Another limitation was that several variables

and hard endpoints are used (e.g., sudden cardiac

associated with likelihood and timing of arrhythmias

death), each at-risk individual in a family can be

in predicting arrhythmic outcomes in other studies

included, as the key risk factor (a mutation) is present

were not included. Structural heart disease, particu-

from birth. Indeed, by excluding individuals prior to

larly as visualized by cardiac magnetic resonance, has

diagnosis,

been found to be a strong predictor of arrhythmic

estimated, as the relatively large proportion of fatal

events (12) but was not included in this model. Like-

arrhythmic events occurring as the ﬁrst ARVC pre-

wise, the inﬂuence of genotype was considered as a

sentation are not included.

phenotypic

severity

may

be

under-

modiﬁer of neither the likelihood nor the timing of a

At the end of the day, we want to congratulate the

ﬁrst LAE. We recently found that patients with ARVC

authors for the considerable effort expended in

with desmosomal mutations had earlier disease onset

assembling this impressive cohort of subjects and

than those without (5). Our studies have also found

presenting a comprehensive report on the clinical

that proband status is of great importance in pre-

characteristics and outcomes of these patients. The

dicting outcome with family members who are at

message that should resonate from this and other

markedly lower risk, and because of this critical effect

studies is that ARVC is a highly malignant disease.

of proband status, we believe it is preferable to pre-

The 2 most important components of treatment are

sent the outcomes of probands separately from the

ICD implantation in high-risk individuals and exer-

outcomes of family members (5). Although not

cise restriction. Although pharmacological therapy

emphasized in the paper, it is important to note that

and catheter ablation reduce the frequency of VT

this study conﬁrmed that family members are at

events and ICD therapies, they should not be relied

considerably lower risk.

on to reduce the risk of sudden death.

Finally, although we commend the study team for
carefully

accounting

for

survivorship

bias

and

excluding patients from their risk set between birth
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