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Cardiomyopathy/Dysplasia

Noriko Kikuchi, MD, Dai Yumino, MD, Tsuyoshi Shiga, MD, Atsushi Suzuki, MD, Nobuhisa Hagiwara, MD

ABSTRACT

OBJECTIVES The aim of this study was to evaluate the long-term prognostic role of the 2010 task force criteria
(TFC)-based scoring in patients with arrhythmogenic right ventricular cardiomyopathy/dysplasia (ARVC/D).

BACKGROUND Categories of the 2010 TFC include the risk factors for cardiovascular mortality and sudden cardiac
death in patients with ARVC/D.

METHODS Ninety patients with ARVC/D who met the definitive diagnosis of the 2010 TFC were retrospectively studied.
ARVC/D risk score was calculated as the sum of major (2 points) and minor (1 point) criteria in all 6 subdivided categories
of the TFC and was divided into tertile groups of scores; group A (4 to 6 points), group B (7 to 9 points), and group C
(10 to 12 points). The primary endpoints were major adverse cardiovascular events: cardiovascular death, heart failure
hospitalization, and sustained ventricular tachycardia or ventricular fibrillation.

RESULTS During the follow-up period of 10.2 + 7.1 years, 19 patients died because of cardiovascular causes, 28 patients
were admitted because of worsened heart failure, and 47 patients experienced sustained ventricular tachycardia or
ventricular fibrillation. Patients in groups B and C were at increased risk for major adverse cardiovascular events
compared with those in group A (hazard ratio [HR]: 4.80; 95% confidence interval [CI]: 1.87 to 12.33; p = 0.001; and
HR: 6.15; 95% Cl: 2.20 to 17.21; p = 0.001, respectively). Patients in groups B and C were at increased risk for sustained
ventricular tachycardia or ventricular fibrillation compared with those in group A (HR: 6.64; 95% Cl: 2.00 to 22.03;

p = 0.002; and HR: 9.18; 95% Cl: 2.60 to 32.40; p = 0.001, respectively).

CONCLUSIONS Our study suggests that risk scoring based on the 2010 TFC is useful to predict major adverse car-
diovascular events in patients with ARVC/D. (J Am Coll Cardiol EP 2016;2:107-15) © 2016 by the American College of
Cardiology Foundation.

Listen to this manuscript’s
audio summary by JACC:
Clinical Electrophysiology
Editor-in-Chief

Dr. David J. Wilber.

rrhythmogenic right ventricular cardiomyop-
athy/dysplasia (ARVC/D) is a cardiomyopathy
characterized by ventricular arrhythmias and
fibrofatty replacement of the right ventricular (RV)
myocardium (1,2). ARVC/D slowly progresses to more
diffuse RV and left ventricular (LV) dysfunction
(2,3). In the early (concealed) phase, structural change
is absent or minor, but patients may be at risk for

sudden cardiac death (SCD) caused by sustained ven-
tricular tachycardia (VT) or ventricular fibrillation
(VF) in younger patients and athletes (1-5). Life-
threatening ventricular arrhythmia and SCD can
constitute the initial presentation of ARVC/D (2,3). In
the overt (electric) phase, patients have symptomatic
ventricular arrhythmia with manifested structural
abnormalities of the right and/or left ventricle (2).
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ABBREVIATIONS
AND ACRONYMS

ARVC/D = arrhythmogenic
right ventricular
cardiomyopathy/dysplasia

CI = confidence interval
ECG = electrocardiography
HF = heart failure

HR = hazard ratio

ICD = implantable
cardioverter-defibrillator

LV = left ventricular

MACE = major adverse
cardiovascular event(s)

RV = right ventricular

SAECG = signal-averaged
electrocardiography

SCD = sudden cardiac death
TFC = task force criteria
VF = ventricular fibrillation

VT = ventricular tachycardia

In the later phase, patients experience pro-
gressed right or biventricular heart failure
(HF) with or without the presence of ventric-
ular arrhythmia (2).

Thus, there is no single diagnostic tool for
ARVC/D, and the clinical diagnosis of ARVC/D
is often complex and difficult. The 1994
task force criteria (TFC) first provided the
clinical diagnosis of ARVC/D on the basis of
several categories, such as structure, func-
tion, histology, electrocardiography (ECG),
arrhythmia, and family history (6). These
criteria were modified in 2010 to improve
diagnostic sensitivity by advances in the
diagnostic modalities and the genetic
knowledge of ARVC/D (7).

SEE PAGE 116

Several electrocardiographic and electro-
physiological abnormalities and structural
features of both ventricles have been re-
ported as clinical markers of a worse prog-

nosis in patients with ARVC/D, but the predictive
value of each factor itself is not high (8). The cate-
gories of TFC also include risk factors of cardiovas-
cular mortality and SCD in patients with ARVC/D
(7,8). We hypothesized that risk scoring on the basis
of the 2010 TFC for the diagnosis of ARVC/D has a role
in predicting ARVC/D-specific outcomes: cardiovas-
cular death, worsening HF, and sustained VT or VF.
The aim of this study was to evaluate the long-term

prognostic role of 2010 TFC-based scoring in pa-
tients with ARVC/D.

METHODS

SUBJECTS. We retrospectively studied 90 patients
with ARVC/D who met the definitive diagnosis of the
2010 TFC. All patients admitted to the Department of
Cardiology, Tokyo Women’s Medical University Hos-
pital, for evaluation of sustained VT or VF and/or
cardiomyopathy between 1974 and 2012 and with
available follow-up were included in this study. All
patients underwent 12-lead ECG and echocardio-
graphy or magnetic resonance imaging or RV

angiography. Eighty-one patients also underwent
endomyocardial biopsy of the right ventricle. Eighty-

five

patients

underwent signal-averaged ECG

(SAECG) (Predictor BSM-32, Arrhythmia Research
Technology, Fitchburg, Massachusetts), and 79 pa-
tients underwent 24-h Holter ECG.

Antiarrhythmic

drugs were prescribed for

ventricular and supraventricular arrhythmias. In
Japan, amiodarone and sotalol were approved in
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1992 and 1998, respectively, and the implantable
cardioverter-defibrillator (ICD) was approved in
1996.

Available data were obtained retrospectively from
the medical records of our hospital. The patients were
followed until December 31, 2013. Information
regarding deceased subjects was obtained from
medical records, family members, their local hospi-
tals or general practitioners, and the admitting hos-
pital. The patients were followed until the end of the
follow-up period (December 31, 2013). The protocol
was approved by the Institutional Review Board of
Tokyo Women’s Medical University.

ARVC/D RISK SCORE. ARVC/D risk score was calcu-
lated as the sum of major and minor criteria in all 6
subdivided categories of the 2010 TFC, with major
criteria given 2 points and minor criteria given 1
point. The definite diagnosis of ARVC/D according to
the 2010 TFC was fulfilled by the presence of 2 major
criteria, 1 major plus 2 minor criteria, or 4 minor
criteria from different categories. Thus, the minimum
score of the ARVC/D risk was 4, and the range of this
score was between 4 and 12. The patients were
divided into 3 subgroups on the basis of the ARVC/D
risk score tertiles: group A (first tertile, 4 to 6 points),
group B (second tertile, 7 to 9 points), and group C
(third tertile, 10 to 12 points).

OUTCOMES. The primary endpoints were major
adverse cardiovascular events (MACEs), a composite
of cardiovascular death, hospitalization for worsened
HF, and sustained VT or VF. Worsened HF was
defined by signs and symptoms, such as dyspnea,
rales, and ankle edema, as well as the need for
treatment with diuretic agents, vasodilators, positive
inotropic drugs, or an intra-aortic balloon pump.
Sustained VT was defined as a rate of more than 100
beats/min or more than 30 s in duration (or less if
treated by electrocardioversion within 30 s) of VT on
ECG, VT that required external defibrillation, in-
travenous antiarrhythmic agents such as amiodarone,
and ICD therapy for termination. The occurrence of
these events was validated through a review of
medical records by 3 investigators (N.K., D.Y., and
A.S.). The details of cardiovascular death were based
on the clinical history obtained from medical charts or
information from other hospitals. Sudden death was
defined as unexpected endogenous death within 24 h
after last having been observed alive, unrelated to a
specific cause of circulatory failure.

STATISTICAL ANALYSIS. Summary data are pre-
sented either as the median and range or the number
of patients. Cumulative probabilities of cardio-
vascular death, first HF hospitalization, and first
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sustained VT or VF after the diagnosis were esti-
mated using the Kaplan-Meier method and by means
of a comparison of cumulative events according to 3
groups on the basis of the ARVC/D risk score with a
log-rank test. The risk for MACEs associated with
each increase of 1 point in the ARVC/D risk score was
assessed using a Cox proportional hazards model,
with adjustment for age and sex. The proportionality
assumption was checked by inspection of log-log
plots. Univariate Cox regression analysis was used
to estimate the relationship between each major or
minor criterion of the 2010 TFC and the long-term
outcomes: cardiovascular death, HF hospitalization,
and sustained VT or VF. A p value <0.05 was
considered to indicate statistical significance. Data
analyses were performed using SPSS version 11.01
(SPSS, Inc., Chicago, Illinois).

RESULTS

PATIENT CHARACTERISTICS. The patients’ baseline
characteristics are shown in Table 1. The mean age of
the cohort at diagnosis of ARVC/D was 44 & 15 years,
and 68 (76%) were men.

Sustained VT or VF was documented in 64 pa-
tients (71%), and 3 patients had cardiac arrest. Nine
patients (10%) had family histories of definite
ARVC/D, which were confirmed in first-degree rela-
tives who met the 2010 TFC. Nonsustained or sus-
tained VT with left bundle-branch block was the
most frequent. Electrocardiographic abnormalities
were observed, especially T-wave inversion in the
right precordial leads (V, through V) in 47 patients
(52%) and epsilon waves in 39 patients (43%).
SAECG showed ventricular late potentials in 85 pa-
tients (94%). RV angiography revealed signs sug-
gesting ARVC/D, such as RV dilation, reduction of
the RV ejection fraction, and RV aneurysms, in 98%
of the patients. Histological examinations were
performed in 81 patients using myocardial tissue.
Any abnormality of the myocardium, such as fibro-
fatty replacement, was observed (Table 1). At the
end of the follow-up period (December 31, 2013), 16
patients (18%) were lost to follow-up because
they did not visit our hospital and provided no
explanation.

ARVC/D RISK SCORE AND LONG-TERM OUTCOMES. The
mean ARVC/D risk score of our patients was 8 + 2
points. The distribution of patients according to the
score is shown in Figure 1. The number of patients in
each group was as follows: 25 patients in group A,
49 patients in group B, and 16 patients in group C.

Kikuchi et al.
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TABLE 1 Clinical Characteristics in Patients With
Arrhythmogenic Right Ventricular Cardiomyopathy/Dysplasia
(n =90)

Male 69 (76)
Age at diagnosis, yrs 44 +15
Family history of ARVC/D 9 (10)
Previous sustained VT 64 (71)
Previous VF/cardiac arrest 3(3)
Nonsustained or sustained VT of LBBB 74 (82)
LVEF, % 52 +14
RVEF, % 30 +£12
NYHA functional class at diagnosis
| 74 (82)
1] 12 (13)
/v 4 (4)
ECG
Inverted T-wave in right precordial leads 47 (52)
(V4-V3)
Epsilon wave 39 (43)
SAECG (n = 85)
Ventricular late potential 79 (92)
Holter recording (n = 79)
VPB (>500/24 h) 63 (93)
Right ventricular biopsy (n = 81)
Regional myocytes <60% with fibrous 40 (49)
replacement
Regional myocytes 60%-75% with fibrous 41 (51)
replacement
ICD implantation 16 (18)
Catheter ablation 31(34)
Medications
Beta-blockers 22 (24)
ACE inhibitors/ARBs 28 (31)
Amiodarone 38 (42)
Sotalol 2(2)
Other antiarrhythmic agents 17 (19)
Digitalis 4 (4)
Diuretic agents 13 (14)
Anticoagulation 14 (16)

Values are n (%) or mean =+ SD.

ACE = angiotensin-converting enzyme; ARB = angiotensin Il receptor blocker;
ARVC/D = arrhythmogenic right ventricular cardiomyopathy/dysplasia;
ECG = electrocardiography; ICD = implantable cardioverter-defibrillator;
LBBB = left bundle branch block; LVEF = left ventricular ejection fraction;
NYHA = New York Heart Association; RVEF = right ventricular ejection fraction;
SCD = sudden cardiac death; VF = ventricular fibrillation; VPB = ventricular
premature beat; VT = ventricular tachycardia.

During the follow-up period of 10.2 & 7.1 years, 19
patients died because of cardiovascular causes, 28
patients were admitted because of worsened HF, and
47 patients experienced sustained VT or VF (Figure 2).
The 19 cardiovascular deaths included HF death
(n = 16) and SCD (n = 3).

The Kaplan-Meier curves for MACEs in the 3 groups
are shown in Figure 3. Patients in groups B and C were
at increased risk for MACEs compared with those in
group A (Table 2). There was a significantly higher
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Number of patients

FIGURE 1 Distribution of Arrhythmogenic Right Ventricular Cardiomyopathy/
Dysplasia Risk Scores
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ARVC/D = arrhythmogenic right ventricular cardiomyopathy/dysplasia.

incidence of MACEs with a higher score (per 1
point; hazard ratio [HR]: 2.29; 95% confidence in-
terval [CI]: 1.52 to 3.45; p < 0.001). After adjusting
for age and sex, the score was associated with

Event-free Survival Rate (%)

FIGURE 2 Kaplan-Meier Analysis of Cardiovascular Death, First Heart Failure
Hospitalization, and First Sustained Ventricular Tachycardia or Ventricular
Fibrillation After Diagnosis in Patients With Arrhythmogenic Right Ventricular
Cardiomyopathy/Dysplasia
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HF = heart failure; VF = ventricular fibrillation; VT = ventricular tachycardia.
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MACEs (per 1 point; HR: 2.29; 95% CI: 1.51 to 3.46;
p < 0.001).

Patients in groups B and C were at increased risk
for sustained VT or VF compared with those in group
A. Patients in group C, but not those in group B, were
also at increased risk for cardiovascular death and HF
hospitalization compared with those in group A
(Table 3, Figure 4).

CATEGORIES OF TFC AND LONG-TERM OUTCOMES.
Univariate analysis for each major and minor crite-
rion in the 6 categories of MACEs and each event
showed that repolarization and depolarization ab-
normalities were significantly related to all events.
The major criteria, but not the minor criteria, of RV
dysfunction (global and/or regional dysfunction and
structural alterations with dilation of the RV outflow
tract or severely reduced RV systolic function) and
the major criteria of depolarization abnormalities
(epsilon waves) were significantly related to the
occurrence of sustained VT or VF, as well as the
major criteria of arrhythmias (nonsustained or sus-
tained VT with left bundle branch block with supe-
rior axis) (Table 3).

DRUG THERAPY AND LONG-TERM OUTCOMES. Our
study failed to show the benefit of beta-blockers in
the prevention of sustained VT or VF (HR: 1.05; 95%
CI: 0.53 to 2.07; p = 0.891) or cardiovascular death
(HR: 0.43; 95% CI: 0.10 to 1.88; p = 0.557). In 64 pa-
tients who had previous sustained VT, there was no
difference in the first recurrence rate of sustained VT
or VF between amiodarone users (n = 31) and non-
amiodarone users (n = 33) (8.4% per year vs. 9.6% per
year, p = 0.457).

DISCUSSION

Our long-term observational study suggested that risk
scoring on the basis of the 2010 TFC is useful to predict
adverse events in patients with ARVC/D: 1) the cate-
gories of the TFC include the risk factors of cardio-
vascular mortality and SCD in patients with ARVC/D;
2) a higher incidence of MACEs was associated with a
higher score; 3) higher incidences of cardiovascular
death, HF hospitalization, and sustained VT or VF
were associated with the highest score; and 4) elec-
trocardiographic (repolarization and depolarization)
abnormalities were related to all major events. Addi-
tionally, RV dysfunction was related to the occurrence
of sustained VT or VF, and family history was related
to cardiovascular death.

ARVC/D DIAGNOSTIC CRITERIA AND RISK FACTORS
FOR SCD. SCD is the most common cause of death in
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patients with ARVC/D (1-8). For risk stratification of
SCD in patients with ARVC/D, previous reports sug-
gested prior cardiac arrest caused by hemodynami-
cally unstable VT and VF, a history of syncope,
electrocardiographic depolarization abnormalities,
such as QRS prolongation in the right precordial
leads, QRS dispersion and ventricular late potential
on SAECG, electrocardiographic repolarization ab-
normalities such as a significant extent of negative T
and epsilon waves, RV dysfunction, and LV involve-
ment (8). Most of these clinical findings overlapped
the major or minor criteria in 4 of the 6 categories of
the 2010 TFC for the diagnosis of ARVC/D (7). Thus,
most patients who met the definitive diagnosis of
ARVC/D also have the risk factors for SCD. The 2010
TFC does not include aborted SCD, hemodynamically
unstable sustained VT, and syncope, which are strong
predictors of SCD, because these criteria were devel-
oped only for the diagnosis of ARVC/D. In these spe-
cific patients, ICD therapy should be considered
regardless of the diagnostic criteria.

ARVC/D SCORE AND RISK STRATIFICATION OF
MACES. This approach can be challenging for the risk
stratification of MACEs in patients with ARVC/D.
There are no powerful risk factors for SCD and other
cardiovascular events in patients with ARVC/D, and
there is no standard diagnostic tool. However, a high
score indicates multiple risk factors. In fact, our re-
sults suggested that the high-score group showed a
higher incidence of MACEs. Recently, ICDs have been
placed to avoid SCD in high-risk patients with
ARVC/D with primary or secondary indications (9,10).
Amiodarone is used as a first-line antiarrhythmic drug
to suppress ventricular arrhythmia because it has
superior efficacy in preventing sustained VT or VF
compared with beta-blockers or sotalol (11). There-
fore, the cause of death in patients who were recently
diagnosed with ARVC/D may shift from SCD to death
due to HF in the later phase. Our study showed that
the most common cause of cardiovascular death was
worsened HF. Risk factors of death in patients with
ARVC/D will change in the future if the strategies for
the prevention and treatment of SCD are recognized.

Kikuchi et al. m
Prognosis and the ARVC/D Diagnostic Criteria

FIGURE 3 Kaplan-Meier Analysis of Major Adverse Cardiovascular Events According
to the 3 Groups on the Basis of Arrhythmogenic Right Ventricular Cardiomyopathy/
Dysplasia Risk Score

Event-free Survival Rate (%)

P<0.001

0 2 4 6 8 10 12

Follow up (years)

Although the RV abnormalities were not significantly
related to HF hospitalization and cardiovascular
death, other markers, including parameters that show
RV and/or LV failure, are risk factors of cardiovascular
death.

CATEGORIES AND LONG-TERM OUTCOMES. Our
findings show that the ARVC/D score is an effective
predictor of adverse events, including ventricular
arrhythmia, HF, and cardiovascular mortality.
Although more than one-half of the patients did not
undergo magnetic resonance imaging, because our
study included historical cases, most patients un-
derwent RV angiography. In our study, the majority
of patients met the major criteria of RV dysfunction.
They had severely reduced RV systolic function,
and this criterion was a significant factor for the
occurrence of sustained VT or VF. Hulot et al. (12)

TABLE 2 Groups According to Arrhythmogenic Right Ventricular Cardiomyopathy/Dysplasia Risk Score and Long-Term Outcomes

MACEs Cardiovascular Death HF Hospitalization Sustained VT/VF
Group HR (95% CI) p Value HR (95% CI) p Value HR (95% CI) p Value HR (95% CI) p Value
A (4-6 points) (n = 25) 1.00 (reference) 1.00 (reference) 1.00 (references) 1.00 (references)

B (7-9 points) (n = 49) 4.80 (1.87-12.33)  0.001 3.45(0.44-27.37) 0.240 7.24 (0.97-54.38) 0.054 6.64 (2.00-22.03)  0.002
C (10-12 points) (n =16)  6.15 (2.20-17.21) 0.001 8.10 (1.01-65.02) 0.049 10.91 (1.38-86.61)  0.024 9.18 (2.60-32.40) 0.001

Cl = confidence interval; HF = heart failure; HR = hazard ratio; MACE = major adverse cardiac event; other abbreviations as in Table 1.

Downloaded from ClinicalKey.jp a Tokyo Women's Medical University November 29, 2016.
For personal use only. No other uses without permission. Copyright ©2016. Elsevier Inc. All rights reserved.



1n2

Kikuchi et al.
Prognosis and the ARVC/D Diagnostic Criteria

JACC: CLINICAL ELECTROPHYSIOLOGY VOL. 2, NO. 1, 2016

FEBRUARY 2016:107-15

TABLE 3 The 2010 Task Force Criteria and Long-Term Outcomes
MACEs Cardiovascular Death HF Hospitalization Sustained VT/VF
Criteria HR (95% CI) p Value HR (95% CI) p Value HR (95% CI) p Value HR (95% CI) p Value
RV systolic function
and structure
Major (n = 71) 4.79 (1.73-13.28) 0.003 26.80 (0.09-8094) 0.259 5.10 (0.69-37.73) 0.111 5.12 (1.59-16.48) 0.006
Minor (n = 17) 0.26 (0.09-0.72) 0.010 0.04 (0.00-17.44) 0.275 0.24 (0.03-1.75) 0.157 0.24 (0.07-0.77) 0.017
Tissue characterization
Major (n = 40) 0.75 (0.42-1.33) 0.325 0.44 (0.15-1.25) 0.122 0.59 (0.27-1.29) 0.187 0.91 (0.49-1.67) 0.760
Minor (n = 41) 1.33 (0.75-2.36) 0.325 2.29 (0.80-6.53) 0.122 1.69 (0.78-3.69) 0.187 1.10 (0.60-2.02) 0.760
Repolarization
abnormalities
Major (n = 47) 1.02 (0.50-2.08) 0.966 1.31 (0.37-4.58) 0.676 2.31(0.93-5.77) 0.072 0.78 (0.33-1.84) 0.565
Minor (n = 14) 2.10 (1.35-4.29) 0.003 3.18 (1.05-9.65) 0.041 1.96 (0.87-4.41) 0.104 2.72 (1.42-5.20) 0.002
Depolarization
abnormalities
Major (n = 39) 1.71 (0.99-2.95) 0.054 1.67 (0.67-4.18) 0.270 2.56 (1.17-5.61) 0.019 1.86 (1.03-3.34) 0.039
Minor (n = 79) 1.93 (0.47-8.00) 0.364 22.00 (0.00-54104) 0.604 0.95 (0.12-7.24) 0.957 1.66 (0.40-6.93) 0.484
Arrhythmias
Major (n = 74) 1.55 (0.66-3.65) 0.315 0.84 (0.19-3.70) 0.816 0.43 (0.14-1.30) 0.134 3.29 (1.02-10.61) 0.046
Minor (n = 63) 1.43 (0.66-3.09) 0.366 1.01 (0.28-3.67) 0.989 0.74 (0.28-1.91) 0.529 1.84 (0.71-4.76) 0.210
Family history
Major (n = 8) 0.87 (0.12-6.33) 0.887 0.05 (0.00-11266) 0.734 3.35 (0.44-25.40) 0.242 0.05 (0.00-445.0) 0.514
Minor (n = 1) 1.59 (0.63-4.00) 0.330 1.53 (0.35-6.66) 0.572 2.17 (0.74-6.31) 0.157 1.02 (0.32-3.30) 0.972
RV = right ventricular; other abbreviations as in Tables 1 and 2.

reported that clinical signs of RV and LV dysfunction
were associated with cardiovascular death. Other
studies reported that RV dysfunction is associated
with VT or VF and SCD (13-15). Because RV
dysfunction is related to the presence of late po-
tentials (13), it may show the presence of the
arrhythmogenic substrate of the right ventricle.
However, RV dysfunction as a category of the 2010
TFC for the diagnosis of ARVC/D did not include RV
dilation or hemodynamic state. Meanwhile, the mi-
nor criterion of RV dysfunction was a negative factor
for the occurrence of sustained VT or VF. Minor
structural abnormalities, such as mild segmental
dilation of the right ventricle or regional RV hypo-
kinesis, might contribute less to the development or
recurrence of sustained VT, and the small number of
patients who met this criterion (n = 17) might have
influenced this result.

Electrocardiographic repolarization abnormalities
have 2 meanings: the extent of the RV scar and the
arrhythmogenic substrate of the right ventricle,
which lead to the occurrence of arrhythmia (13,16-18).
The former may be related to the hemodynamic state
of the right ventricle as well as the presence of the
arrhythmogenesis. T-wave inversion in leads Vy, Vs,
and V5 and beyond in patients >14 years of age as a
major criterion is reasonable for the diagnosis of
ARVC/D, especially in the early stage (19). Previous

reports showed that the extent of T-wave inversion is
related to RV enlargement and the progressed stage
(1,20,21). However, it is not clear whether major or
minor criteria for repolarization abnormalities as a
diagnostic tool on the basis of the extent of T-wave
inversion and the presence or absence of complete
right bundle-branch block indicate the degree of
arrhythmogenesis.

Late potentials on SAECG (minor criteria of depo-
larization abnormalities) have diagnostic value for
ARVC/D, but there is no evidence of their predictive
value for arrhythmic events (8,22-24). The epsilon
wave is a potential electrocardiographic feature of
ARVC/D that indicates delayed RV activation, but it is
not common (3,17,20,25-28). It appears in patients
with diffuse RV involvement, but not in the early
phase (27,28). In our study, the presence of an epsilon
wave, but not a late potential on SAECG, was signifi-
cantly associated with the occurrence of VT or VF and
HF hospitalization. However, its prognostic value
remains unclear (12,28).

DRUG THERAPY AND LONG-TERM OUTCOMES. Beta-
blocker therapy to prevent the occurrence of sus-
tained VT or VF and delay disease progression in
patients with ARVC/D is controversial. Our retro-
spective analysis failed to show the clear benefit of
beta-blockers in the prevention of sustained VT or
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VF or cardiovascular death. The role of antiar-
rhythmic drugs, such as sotalol or amiodarone, is
considered to prevent the recurrence of VT in low- or
intermediate-risk patients and reduce VT-required
ICD therapy in high-risk patients (11,29). One-half
of our patients received amiodarone therapy, and the
others received class I antiarrhythmic drugs or sota-
lol. We could not prove the benefit of amiodarone to
prevent the first recurrence of sustained VT
in patients with sustained VT. However, these re-
sults could not counteract the effect of these drugs
in the prevention of worsening of arrhythmia or
disease progression, because this study was retro-
spective and small in size, and the backgrounds of

these compared patients were not identical. Further
evaluation will be required to confirm this issue.
STUDY LIMITATIONS. First, it was a retrospective,
observational study at a single center. Some patients
were lost to follow-up. Data concerning clinical con-
dition at the time of MACEs were not available. In
addition, there was a treatment bias.

Second, we could not assess the patients with
ARVC/D whose first presentation of the disease was
with SCD. In the early stage of ARVC/D, the diagnosis
may be challenging (2).

Third, we used the parameters at the diagnosis of
ARVC/D as the ARVC/D risk scoring. In this study, the
time-dependent changes in markers, such as ECG and
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the structures of the right and left ventricles, were
not evaluated.

Fourth, the outcome assessment of each criterion
in the 6 categories was limited by the small number of
patients in our study.

Fifth, this study included patients from a single
referral hospital who were enrolled over a long sam-
pling period. The treatments that were administered
were not controlled for during this long sampling
period and may thus have influenced the outcome
and prognoses of these patients. Moreover, the
treatment strategies used for each patient were
changed during the follow-up period. The potential
confounding factors associated with time and era
could not be completely excluded.

CONCLUSIONS

Our long-term observational study suggested that risk
scoring on the basis of the 2010 TFC for diagnosis is
useful to predict MACEs in patients with ARVC/D.
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE 1:
MACEs in patients with ARVC/D include cardiovascular
death and worsened HF, as well as sustained VT or VF,
which may lead to SCD.

COMPETENCY IN MEDICAL KNOWLEDGE 2:
Risk scoring on the basis of the 2010 TFC for diagnosis
is useful to predict MACEs in patients with ARVC/D.

TRANSLATIONAL OUTLOOK: Additional studies
are needed to develop the risk stratification and
management of cardiovascular death and worsening
HF for patients with ARVC/D in the ICD era.
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