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Abstract

Aims Arrhythmogenic right ventricular cardiomyopathy (ARVC) is associated with a high risk of sudden cardiac death. Three
different prediction models for the indication of implanted cardioverter defibrillator (ICD) are now available: the 5 year ARVC
risk score, the International Task Force Consensus (ITFC) criteria, and the Heart Rhythm Society (HRS) criteria. We compared
these three prediction models in a validation cohort of patients with definite ARVC.
Methods and results In a cohort of 140 patients with definite ARVC, the 5 year ARVC risk score and the ITFC and HRS criteria
were compared for the prediction of a major combined endpoint of sudden cardiac death, appropriate ICD intervention, re-
suscitated cardiac arrest, and sustained ventricular tachycardia. During the follow‐up, 65 major events occurred. The 5 year
ARVC risk score with a threshold >10%, derived from the maximally selected rank statistic, predicted 62 (95%) events [odds
ratio (OR) 9.1, 95% confidence interval (CI) 2.6–32, P = 0.0006], the ITFC criteria 53 (81%, OR 4.8, 95% CI 2.2–10.3, P = 0.0001),
and the HRS criteria 29 (45%, OR 4.2, 95% CI 1.9–9.3, P = 0.0003). At the analysis of decision curve for ICD implantation, a
5 year ARVC risk score >10% showed a greater net benefit than the ITFC and HRS criteria over a wide range of threshold prob-
ability of events. Finally, at multivariate analysis, the 5 year ARVC risk score>10% was the only independent predictor of major
events.
Conclusions The 5 year score with a threshold of >10% was more effective for predicting events than the ITFC and HRS
criteria.
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Introduction

Arrhythmogenic right ventricular cardiomyopathy (ARVC) is
characterized by a broad spectrum of clinical presentation
ranging from an asymptomatic presentation to heart

failure,1,2 but the most important risk associated with this
cardiomyopathy is sudden cardiac death (SCD), which is
sometimes the first clinical presentation. Early diagnosis and
prognostic stratification are great challenges in ARVC.3 Three
different prediction models of SCD or malignant ventricular
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arrhythmias are now available. In 2015, the International Task
Force Consensus proposed a simple algorithm (ITFC criteria)
to stratify the risk of SCD in patients with definite ARVC.4

In 2019, a novel 5 year ARVC risk score model for the esti-
mation of 5 year risk of arrhythmic events in ARVC was re-
cently proposed by Cadrin‐Tourigny et al.5 from a registry of
18 institutions of Europe and the USA.

More recently, a consensus document of the Heart
Rhythm Society (HRS) and collaborating organizations pro-
duced new criteria (HRS criteria) for the indication of im-
planted cardioverter defibrillator (ICD) in a broad spectrum
of arrhythmogenic cardiomyopathy including ARVC.6

The aim of the present study was to evaluate the effective-
ness of these three prediction models (ITFC criteria, 5 year
ARVC risk score, and the HRS criteria) for primary prevention
of the major combined endpoint of SCD and its surrogates by
using an external validation cohort of consecutive patients
with definite diagnosis of ARVC.

Methods

The three risk models were retrospectively evaluated consid-
ering baseline characteristics of the population of the PROAC
prospective registry.7 In this multicentre registry, 150 consec-
utive patients with definite ARVC were prospectively enrolled
in six different institutions to evaluate the prognostic role of
cardiac magnetic resonance (CMR) presentation in patients
with definite ARVC. The diagnosis of definite ARVC was based
on revised Task Force criteria8: patients had a ‘definite’ diag-
nosis when fulfilling two or one major and two or four minor
criteria from different categories. We excluded all patients
with contraindications to CMR: glomerular filtration rate
<30 mL/min, CMR incompatible devices, and claustrophobia.
The study was approved by the institutional review board of
each institution participating in the registry.

Genetic analysis was performed using next‐generation se-
quencing or direct sequencing of candidate genes recognized
as associated with arrhythmogenic cardiomyopathy, depend-
ing on availability in the single centre. In all cases, mutations
of desmosomal genes [plakophilin‐2 (PKP2); desmoplakin
(DSP); plakoglobin (JUP); desmoglein‐2 (DSG2); and
desmocollin‐2 (DSC2)] were systematically assessed according
to current guidelines,9 and pathogenic and/or likely patho-
genic variants are called ‘mutations’ throughout the
manuscript.

Cardiac magnetic resonance was performed in all the pa-
tients as previously reported.7,10 The following parameters
of right ventricular (RV) involvement were considered: (i) re-
gional wall motion abnormalities (akinesia or dyskinesia), (ii)
RV end‐diastolic volume to body surface area ≥110 mL/m2

in men or ≥100 mL/m2 in women, or (iii) RV ejection fraction
≤45%.

International Task Force Consensus risk
evaluation

The risk of SCD was also evaluated as suggested by the ITFC
statement algorithm4 in which ICD implantation for primary
prevention is indicated by the presence of ≥1 of the following
criteria: (i) non‐sustained ventricular tachycardia (NSVT), (ii)
cardiogenic syncope, and (iii) moderate‐to‐severe ventricular
dysfunction of the right ventricle and/or left ventricle.

Arrhythmogenic right ventricular cardiomyopathy
risk score assessment

The ARVC risk score was recently proposed to estimate the
risk of malignant ventricular arrhythmias in patients with def-
inite ARVC.5 Data from the PROAC study population were ret-
rospectively used to calculate the 5 year risk score. The
prediction model was calculated using the following formula:

1 � S0 tð Þexp Að Þ;

where S0(t) is the baseline survival probability at time t,
which is 0.801 when t = 5 years (the 5 year risk = 1 �
0.802exp(A)), where A was calculated according the equation:

A ¼ Male sex� 0:49þ age� � 0:022

þrecentsyncope� 0:66þ NSVT � 0:81

þLn 24 h PVC countð Þ � 0:17

þnumber of leadswith inverted T wave at

basal ECG� 0:11þ RVEF� � 0:025:

Dichotomic parameters, such as sex, syncope (defined as
transient loss of consciousness and postural tone with sponta-
neous recovery with a likely arrhythmic mechanism, excluding
vasovagal aetiology), and NSVT (defined as haemodynamically
stable VT at ≥100 b.p.m., for ≥3 beats<30 s) were considered
as 1 = positive and 0 = negative (Table 1).

Heart Rhythm Society criteria

The HRS criteria for indication of ICD implantation in primary
prevention were checked in our population with the exclu-
sion of genetic criteria (phospholamban, FLNC mutation, or
lamin A/C) that were absent in our cohort of definite ARVC.6

Briefly, HRS criteria were satisfied in the presence of at least
one of these criteria: (i) haemodynamically tolerated
sustained VT (sVT) or syncope suspected due to ventricular
arrhythmia; (ii) left ventricular (LV) ejection fraction <35%;
and (iii) the presence of two or one major and two or four mi-
nor of the following criteria: major criteria were (a) NSVT, (b)
inducibility to VT during electrophysiological study, and (c) LV
ejection fraction ≤49%; minor criteria were (a) male sex, (b)
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>1000 premature ventricular contractions per 24 h, (c) RV
dysfunction (as major criteria of the 2010 Task Force Criteria),
(d) proband status, and (e) two or more desmosomal vari-
ants. If both NSVT and premature ventricular contraction
criteria are present, only NSVT was used.

Clinical follow‐up

Follow‐up was performed in all patients for a median of 5
years (25th–75th range, 2–8 years) after the CMR examina-
tion. A physician compiled a clinical questionnaire during pe-
riodic ambulatory visits or via telephone contact. The clinical
questionnaire included the definition of major combined end-
point of SCD and its surrogates [resuscitated cardiac arrest,
appropriate implantable cardioverter defibrillator (ICD) inter-
vention, and episodes of sVT lasting ≥30 s at ≥100 b.p.m.].
ICD interventions were designated as appropriate if triggered
by life‐threatening arrhythmias: VT above the programmed
ICD cut‐off (12 intervals at >180 b.p.m.) or ventricular fibril-
lation. A complete interrogation of the ICD was performed by
the referring physician to confirm the appropriateness of the
intervention.

Statistical analysis

Values are presented as mean ± standard deviation or as me-
dian and 25th–75th for variables with normal and
non‐normal distribution, respectively. A P value <0.05 was
considered significant. Values with non‐normal distribution
via the Kolmogorov–Smirnov test were logarithmically trans-
formed into parametric analysis. Categorical variables were
compared by the χ2 test or Fisher’s exact test when appropri-
ate. Continuous variables were compared by Student’s

independent t‐test and ANOVA or Wilcoxon non‐parametric
test when appropriate. The Kaplan–Meier analysis was used
to compare survival between groups. Time‐dependent area
under the curve (AUC) for the 5 year ARVC risk score and
the ITFC and HRS criteria was obtained using the timeROC
package of R software.

A maximally selected rank statistic analysis was performed
to define the optimal cut‐off of the 5 year ARVC risk score
for survival analysis using the maxstat package of R software.
Decision curve analysis was generated to evaluate the net ben-
efit of the 5 year ARVC score comparedwith the ITFC criteria.11

Univariate and multivariate logistic regression analyses
were used to explore the impact of each significant variable
in the analysis to predict the occurrence of a combined end-
point (cardiac death, appropriate ICD intervention, and resus-
citated cardiac arrest). For multivariate analysis, we included
all variables with a significant P value in the univariate. The
risk of multicollinearity among the covariates was evaluated
by the variance inflation factor. Variance inflation factor
values <10 indicated a low risk of multicollinearity.

The number needed to treat (NNT) of each risk model was
calculated as NNT = 1/ARR, in which ARR is the absolute risk
reduction, measured as the difference between the event
rate found in the population and the estimated event rate
using the risk model for the ICD indication.

Results

The final population included 140 patients (mean age 42 ±
17 years, 97 male). Patient characteristics are reported in Ta-
ble 2. The ITFC criteria for ICD implantation for primary preven-
tion were satisfied in 89 patients (63%), whereas the HRS
criteria in 41 patients (29%). The ARVC risk score was calcu-
lated for all the patients, using the parameters of Table 2.

Table 1 Prediction models for predicting malignant ventricular arrhythmias

Prediction model/criteria
First author,
reference Model/criteria for primary prevention

International Task Force
Consensus (ITFC) criteria

Corrado4 ICD indication for the presence of ≥1 of the following criteria: NSVT, cardiogenic syncope,
and moderate‐to‐severe ventricular dysfunction (of RV and/or LV)

5 year ARVC risk score Cadrin‐
Tourigny5

5 year risk is calculated as 1 � 0.802exp(A), where A = Male sex × 0.49 + age × �
0.022 + recent syncope × 0.66 + NSVT × 0.81 + Ln(24 h PVC
count) × 0.17 + number of leads with inverted T wave at basal ECG × 0.11 + RVEF ×
�0.025

Heart Rhythm Society (HRS)
criteriaa

Towbin6 ICD indication for the presence of ≥1 of the following criteria: (i) haemodynamically
tolerated sustained VT or syncope suspected due to ventricular arrhythmia; (ii)
LVEF < 35%; and (iii) the presence of two or one major and two or four minor of the
following criteria: major criteria were NSVT, inducibility to VT at EPS, and LVEF ≤ 49%;
minor criteria were male sex, >1000 PVCs per 24 h, right ventricular dysfunction (as for
major criteria of the 2010 Task Force Criteria), proband status, and two or more
desmosomal variants. If both NSVT and PVC criteria are present, then only NSVT can be
used

aHRS algorithm was adapted for ARVC (genetic assessment for phospholamban, FLNC, or lamin A/C mutation was not performed).
LV, left ventricle; LVEF, left ventricular ejection fraction; NSVT, non‐sustained ventricular tachycardia; PVC, premature ventricular contrac-
tion; RV, right ventricle; RVEF, right ventricular ejection fraction; VT, ventricular tachycardia. ARVC, arrhythmogenic right ventricular car-
diomyopathy; ECG, electrocardiogram; EF, ejection fraction; EPS, electrophysiological study;
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The median 5 year ARVC risk score was 23% (12–33). Twelve
patients (9%) had a 5 year risk of ≤5%, >5%, and ≤15% in 33
patients (24%), >15% and ≤25% in 28 patients (20%), >25%
and ≤50% in 50 patients (36%), and finally, >50% in 17 pa-
tients. Overall, 128 patients (91.4%) had an estimated 5 year
risk >5%.

The median 5 year ARVC risk was of 29% (20–42) in pa-
tients with ITFC indication for ICD and 11%5–17 in those with-
out (P < 0.001). Patients with HRS criteria had a median
5 year ARVC risk of 31% (21–54), while those not satisfying
these criteria had a median of 19% (10–28%), P < 0.001.

Follow‐up

During the whole follow‐up duration (median 5 years, 25th–
75th, 2–8 years), the major combined endpoint was docu-
mented in 65 patients (46%). The events were 3 SCD, appro-
priate ICD intervention in 33 patients, 12 patients with
aborted cardiac arrest, and 17 patients with episode of sVT.
During the follow‐up, 51 patients underwent ICD
implantation.

Using the ITFC criteria, 89 patients (63%) should have been
implanted with ICD. Among the patients with major com-
bined endpoint, 53 (81%) would have been predicted by the
ITFC criteria [odds ratio (OR) 4.8, 95% confidence interval
(CI) 2.2–10.3, P = 0.0001]. The ITFC criteria had a sensitivity
of 82% (95% CI 70–90), a specificity of 52% (95% CI 40–64),
positive predictive value of 60% (95% CI 53–65%), and nega-
tive predictive value of 76% (95% CI 65–84) to predict major
events. The NNT of the ITFC criteria was 2.6.

Heart Rhythm Society criteria would have prevented 29
(45%) events (OR 4.2, 95% CI 1.9–9.3, P = 0.0003) with indica-
tion for ICD in 41 (29%) patients. HRS criteria had a sensitivity
of 43% (95% CI 31–55), a specificity of 84% (95% CI 74–91),
positive predictive value of 70% (95% CI 57–81%), and nega-
tive predictive value of 62% (95% CI 56–67) to predict major
events. The NNT of the HRS criteria was 4.8.

As evident in Figure 1, at maximally selected rank statistic,
the optimal cut‐off of 5 year ARVC risk score was >10% for
the analysis of the survival free from major combined events.
Using this threshold of >10% of the 5 year ARVC risk score,
114 (81%) patients should have been implanted, and 62 out
of 65 major events (95%) would have been prevented. The
5 year risk score >10% had 95% sensitivity (95% CI 87–99)
and 31% specificity (95% CI 20–42), positive predictive value
of 54% (95% CI 50–58), and negative predictive value of
88% (95% CI 71–96) to predict major combined endpoint
(OR 9.1, 95% CI 2.6–32, P = 0.0006). The NNT for the 5 year
ARVC risk score >10% was 2.3.

Compared with the ITFC criteria, a 5 year ARVC score
>10% would have prevented 14% more events (P = 0.01)
but with 25.8% more ICD implantations (P = 0.005). Com-
pared with the HRS criteria, the 5 year ARVC score >10%
would have been capable of preventing 50% more events (P
< 0.0001) but with almost three times more ICD
implantations.

Kaplan–Meier curves evaluating the survival free from ma-
jor combined endpoint of the 5 year ARVC score and the ITFC
and HRS criteria are shown in Figure 2.

Table 2 Basal characteristics of the whole population

Parameters Value

n 140
Age (years) 42 ± 17
Male, n (%) 97 (69)
Weight (kg) 71 ± 14
Height (cm) 172 ± 10
Systemic hypertension, n (%) 30 (21)
Diabetes, n (%) 7 (5)
Dyslipidaemia, n (%) 29 (21)
Family history of CAD, n (%) 9 (6)
TF major criteria

Family history of ARVC/D, n (%) 32 (23)
Positive genetic analysis (overall), n (%) 54 (39)
PKP2, n (%) 27 (20)
DSP, n (%) 14 (10)
JUP, n (%) 5 (4)
DSG2, n (%) 8 (5)
DSC2, n (%) 0

Negative genetic analysis, n (%) 41 (29)
Unknown gene type, n (%) 45 (32)
ECG major repolarization criterion, n (%) 41 (29)
ECG major depolarization criterion, n (%) 7 (5)
Arrhythmias major criterion, n (%) 37 (26)
Echocardiographic TF major criterion, n (%) 56 (40)
CMR major criterion, n (%) 40 (29)
EMB major criterion, n (%) 14 (10)

TF minor criteria
Family history minor criterion, n (%) 32 (23)
ECG minor repolarization criterion, n (%) 38 (28)
ECG minor depolarization criterion, n (%) 19 (14)
Arrhythmias minor criterion, n (%) 88 (63)
Echocardiographic TF minor criterion, n (%) 8 (5)
CMR minor criterion, n (%) 15 (11)
EMB minor criterion, n (%) 6 (4)

ARVC/D diagnosis
≥2 major criteria, n (%) 95 (68)
1 major and ≥2 minor criteria, n (%) 43 (31)
≥4 minor criteria, n (%) 2 (1)

Therapy
Beta‐blockers, n (%) 125 (90)
ACE inhibitors, n (%) 26 (19)
Antiarrhythmic drug, n (%) 42 (30)
Diuretic, n (%) 14 (10)

ARVC score parameters
Age (years) 42 ± 17
Male, n (%) 97 (69)
Cardiac syncope, n (%) 19 (14)
NSVT, n (%) 79 (56)

24 h PVC count, median (25th–75th)
3110 (265–

7450)
Leads with inverted T wave, median (25th–

75th)
1 (0–3)

RV ejection fraction (%), n (%) 53 (13)

ACE, angiotensin‐converting enzyme; ARVC, arrhythmogenic right
ventricular cardiomyopathy; CAD, coronary artery disease; CMR,
cardiac magnetic resonance; ECG, electrocardiogram; EMB,
endomyocardial biopsy; NSVT, non‐sustained ventricular tachycar-
dia; PVC; premature ventricular complex; RV, right ventricular; TF,
Task Force.
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Time‐dependent receiver operating characteristic curves of
5 year ARVC risk score and the ITFC and HRS criteria predict
major cardiac combined endpoint, as shown in Figure 3. The
median time‐dependent AUC of the HRS criteria was signifi-
cantly higher than that of 5 year ARVC (0.65 vs. 0.60, P =
0.002) and of the ITFC criteria (0.58, P < 0.0001).

The decision analysis curves for ICD implantation are
shown in Figure 4. As evident, the 5 year risk score >10%
had a greater net benefit compared with other thresholds
of the risk score. Compared with the ITFC and HRS criteria,
the 5 year ARVC risk >10% had a higher net benefit in the
range of a probability threshold 0.12–0.37.

Univariate and multivariable logistic regression analyses for
prediction of the major combined endpoint are reported in
Table 3. At univariate analysis, the 5 year ARVC risk score
(continuous), a 5 year ARVC risk score >10% (dichotomous),
the ITFC criteria, the HRS criteria, NSVT, and syncope were
significantly associated with the major events. These parame-
ters were evaluated in two multivariate logistic regression
models. In the first model, in which the 5 year ARVC risk score
was included as continuous variable, no parameter was a sig-
nificant independent predictor of events. In the second
model, the 5 year ARVC risk score >10% (dichotomous) was
included. In this model, the 5 year ARVC risk score >10%

Figure 1 Maximally selected rank statistic of 5 year arrhythmogenic right ventricular cardiomyopathy (ARVC) risk score to predict major combined
events: the optimal threshold of 5 year ARVC score was >10%.

Figure 2 Kaplan–Meier survival free from event curves: in the left panel, Kaplan–Meier curves showed that patients with 5 year ARVC risk score >10%
had worse prognosis than those with lower values of risk score. As showed in the middle panel, patients satisfying the International Task Force Con-
sensus (ITFC) criteria had worse prognosis than those without. Finally, Kaplan–Meier curve of right panel demonstrated the prognostic role of Heart
Rhythm Society (HRS) criteria.
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(OR 5.4, 95% CI 1.5–26, P = 0.02) was the only independent
predictor of major events.

Discussion

In the present study, we sought to compare and validate
three different risk models for ARVC, namely, the ARVC risk
score, the ITFC criteria, and the HRS criteria by using a valida-
tion cohort of patients with definite ARVC. We found that the
5 year ARVC risk score with the optimal threshold of >10%
was the most sensitive model for predicting events and had
a higher net benefit than the other models.

Chronologically, the ITFC algorithm was the first proposed
model for the indication for ICD implantation in patients with
definite ARVC.4 Based on this algorithm, ICD implantation
should be indicated in patients with severe RV and/or LV dys-
function or in those with at least one major risk factor, such
as NSVT, syncope, or moderate RV and/or LV dysfunction.
In our population, the ITFC criteria were satisfied in 63% of
patients and would have prevented 81.4% of cardiac events.

However, this was the model with the lowest
time‐dependent AUC for predicting events.

The HRS criteria were proposed by Towbin et al. in 2019.6

These criteria were not generated specifically for ARVC, but
they were aimed to provide ICD indication for a broad spec-
trum of arrhythmogenic cardiomyopathies. For some aspects,
these criteria were similar to the ITFC criteria, but in HRS
criteria, the relative ‘weight’ of LV dysfunction was higher
than that of RV dysfunction, which was considered just a mi-
nor criterion. Moreover, in the Task Force Consensus docu-
ment by Corrado et al.,12 inducibility to VT at
electrophysiological study was considered a minor risk factor
because of the reported low predictive accuracy. In contrast,
in the HRS criteria, inducibility to VT in electrophysiological
study was a major criterion. However, the reported class of
evidence referred to a study by Orgeron et al.,13 in which in-
ducibility to VT was an independent predictor of ventricular
arrhythmias but not of SCD.

In our study, the HRS criteria were satisfied in only 41
patients and missed more than half of the events and
had the lowest sensitivity (43%) and highest specificity
(84%) among the prediction models. Despite this finding,

Figure 3 Time‐dependent area under the curve (AUC) for predicting major combined endpoint: the time‐dependent AUC curves of the 5 year ARVC
score (continuous variable), of the International Task Force Consensus (ITFC) algorithm, and of the Heart Rhythm Society (HRS) criteria are showed in
the upper panels, respectively, from left to right. In the lower panels, the time‐dependent AUC difference between 5 year ARVC score and the ITFC,
ARVC, and HRS criteria and between HRS and ITFC algorithm are showed.
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the time‐dependent AUC of HRS criteria was higher than
that of the other models.

The 5 year ARVC risk score model for estimation of the
5 year risk of arrhythmic events in ARVC was proposed by
Cadrin‐Tourigny et al. in 2019 after analysing data from a reg-
istry of 18 institutions.5 This score included dichotomic vari-
ables, such as gender, syncope, and episode of VT at 24 h
Holter electrocardiogram monitoring, and quantitative pa-
rameters, such as the number or inverted T waves at basal
12‐lead electrocardiogram, the number of premature ventric-
ular complexes at Holter monitoring, and the RVEF. The ARVC
risk score was generated using a combined endpoint of SCD,
cardiac arrest, and appropriate ICD therapy but also including
episodes of sVT lasting ≥30 s at ≥100 b.p.m. or with haemo-
dynamic compromise requiring cardioversion. This score
was then generated using episodes of slow sVT without hae-
modynamic compromise, which were not surrogates of SCD.

Furthermore, in Cadrin‐Tourigny’s study, among the 340
patients with mutations, 258 (76%) patients had a PKP2 mu-
tation, while DSP was involved in 7% and DSG2 in 5% of pa-
tients. Because of this asymmetrical distribution of mutated
genes, the effectiveness of this risk score to predict events
in patients with DSP or DSG2 mutation was not guaranteed.
Indeed, DSP and DSG2 mutations were more frequently asso-
ciated with LV involvement and with a higher risk of sudden
death than the PKP2 mutation.7,14 Recently, two multicentre
studies demonstrated that LV involvement is associated with
worse prognosis than lone RV involvement. Our population
had a greater prevalence of DSP and DSG2 mutations and

LV involvement than that of Cadrin‐Tourigny’s study, which
may explain the higher percentage of events of our study.

Finally, in the study by Cadrin‐Tourigny et al.,5 a threshold
of 5 year ARVC risk score to indicate ICD implantation was not
explicitly proposed. We tried to overcome this limitation, and
by using the maximally selected rank statistic, we found that
a 5 year risk score >10% was the best cut point for predicting
the major combined endpoint as it was the threshold with
the greatest net benefit for the indication of ICD implanta-
tion, when compared with other thresholds. With this thresh-
old, the 5 year ARVC score was capable of predicting 95% of
events, which was14% and 50% more than the ITFC and HRS
criteria, respectively, but at the price of more ICD
implantations.

The 5 year ARVC risk score >10% had a greater net benefit
compared with the ITFC and HRS criteria, particularly in the
threshold probability range corresponding to the 5 year re-
ported risk of SCD of ARVC (range 20–35%). Finally, in the
multivariate analysis, the 5 year ARVC risk score >10% was
the only independent predictor of major cardiac events
confirming its superiority to the other prediction models.

These results are not surprising because the 5 year ARVC
score was the only prediction model to have been directly
generated from ARVC patient data, whereas the other two
models had been based on class of evidence or on expert
consensus and were not even tested in patients until the
present study.

Interestingly, in the multivariate analysis, the 5 year ARVC
risk score, as a continuous variable, was not a significant

Figure 4 Decision curve analysis of implanted cardioverter defibrillator (ICD) implantation for preventing the major combined endpoint. In the left
panel, the net benefit curves of different thresholds of 5 year arrhythmogenic right ventricular cardiomyopathy (ARVC) risk score are compared, dem-
onstrating that the >10% threshold had a higher net benefit compared with the other thresholds and to the ‘ICD to all the patients’ approach for a
wide range of threshold probability, including the range of probability corresponding to the reported 5 year risk of sudden death in ARVC. In the right
panels, the net benefit curves of the 5 year ARVC score >10%, of the International Task Force Consensus (ITFC) algorithm, and of the Heart Rhythm
Society (HRS) criteria were compared. The 5 year ARVC score >10% had a greater net benefit than other models in a wide range of probability includ-
ing the range of reported 5 year risk of sudden death of ARVC.
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predictor of events, probably because of the great dispersion
of 5 year score values found in this population, ranging from
2.8% to 73% in the whole cohort and from 7% to 73% among
patients with cardiac events.

The 5 year ARVC risk score had greater accuracy than other
models to predict events. Using this score with >10% crite-
rion, 95% of events would have been prevented but at cost
of implantation of ICD in 81% of the patients. Thus, even this
score system is far from being an optimal prediction model.
Actually, patients with ARVC are intrinsically at higher risk
of cardiac arrhythmic events, and to prevent such events,
ICD should be implanted in a great percentage of patients.

In the present study, we excluded CMR‐derived parame-
ters, such as tissue abnormalities (fat infiltration and late

gadolinium enhancement) of RV and also LV involvement. Re-
cently, the prognostic role of LV involvement was demon-
strated in patients with definite diagnosis of ARVC and in
patients with borderline or possible ARVC.7,15 In this valida-
tion study, we preferred not to consider CMR parameters
that were not included for the generation of ARVC risk score
or for the ITFC criteria. However, LV involvement in ARVC is
relevant because it is found in approximately 50% of
patients16 and is associated with a different prevalence of
pathogenic mutation and possibly to a different clinical
presentation.17–19

Some study limitations should be mentioned. First, the
study population was smaller than that in the original
Cadrin‐Tourigny’s study. However, major events were re-
corded in 46% of patients in this validation cohort, and this
rate was sufficient to test the ARVC risk score.

Second, the characteristics of population were different
from the original ARVC risk score study, thus resulting in a
higher prevalence of cardiac events. However, this difference
was an advantage in our study, because ARVC is a complex
condition with many different presentations, and the ARVC
risk score should be tested in different presentations.

In our validation cohort, only two patients had LV ejection
fraction <35%, and only a minority of patients underwent an
electrophysiological study because the prediction models
were retrospectively calculated. Thus, the indication for an
electrophysiological study was given by the referral cardiolo-
gist based on clinical evaluation.

We enrolled patients and performed the clinical follow‐up
prospectively; however, the evaluation of the three risk
models was performed retrospectively using patient baseline
characteristics.

Finally, the definition of the appropriate ICD intervention
(for episode >180 b.p.m. for 12 intervals) was not up to date.
However, all ICD interventions occurred for ventricular ar-
rhythmias at heart rates >200 b.p.m., and during the
follow‐up, no episode of slow VT was recorded.

Conclusions

The 5 year ARVC risk score with a threshold of >10% was
more accurate for predicting the occurrence of major cardiac
events than the ITFC and HRS criteria and allowed us to pre-
dict 95% of cardiac events in this cohort of patients.
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Table 3 Univariate and multivariate logistic regression analyses for
predicting the original ARVC risk study combined endpoint

Univariate

OR 95% CI P value

Age 1.02 0.98–1.04 0.08
Sex = male 1.14 0.72–2.79 0.70
24 h PVC count 0.99 0.99–1.01 0.88
RVEF 1.01 0.98–1.04 0.55
RVEF < 40% 0.73 0.27–2.03 0.54
LVEF < 35% 0.52 0.19–1.9 0.55
No. of inverted T wave 2.04 0.77–5.8 0.16
Syncope 1.88 1.34–2.78 <0.001
NSVT 5.8 2.8–12.5 <0.001
ITFC algorithm 4.8 2.3–10.7 <0.001
HRS criteria 4..2 2–9.6 <0.001
5 year ARVC risk score 1.03 1.01–1.05 0.009
5 year ARVC risk >10% 7.7 2.8–27 0.004

Multivariate model with 5 year ARVC risk
score (continuous)

OR 95% CI P value VIF

NSVT 4.4 0.82–34 0.10 5.5
Syncope 1.1 0.3–4.4 0.88 1.5
ITFC algorithm 0.8 0.1–4.7 0.80 5.5
HRS criteria 1.9 0.7–5.3 0.21 1.5
5 year ARVC risk score 1.01 0.98–1.03 0.81 1.6
McFadden R2 0.12

Multivariate model with 5 year
ARVC risk score >10%

(dichotomic)

OR 95% CI P value VIF

NSVT 4.5 0.85–35 0.10 5.1
Syncope 1.1 0.3–4.2 0.90 1.4
ITFC algorithm 0.5 0.1–2.6 0.39 5.2
HRS criteria 1.9 0.7–5.4 0.19 1.5
5 year ARVC risk score >10% 5.4 1.5–26 0.02 1.2
McFadden R2 0.21

ARVC, arrhythmogenic right ventricular cardiomyopathy; CAD, cor-
onary artery disease; CI, confidence interval; HRS, Heart Rhythm So-
ciety; ITFC, international task force algorithm; LVEF, left ventricular
ejection fraction; NSVT, non‐sustained ventricular tachycardia; OR,
odds ratio; PVC; premature ventricular complex; RVEF, right ven-
tricular ejection fraction; VIF, variance inflation factor.
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