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ABSTRACT
ISS
BACKGROUND Patients with likely pathogenic/pathogenic desmoplakin (DSP) variants are poorly characterized. Some

of them meet diagnostic criteria for arrhythmogenic right ventricular cardiomyopathy (ARVC), but it is unclear how risk

stratification strategies for ARVC perform in this setting.

OBJECTIVES The purpose of this study was to characterize arrhythmic outcomes and to test the performance of the

recently validated ARVC risk calculator in patients with DSP likely pathogenic/pathogenic variants fulfilling definite 2010

ARVC Task Force Criteria (DSP-TFCþ).

METHODS DSP-TFCþ patients were enrolled from 20 institutions across 3 continents. Ventricular arrhythmias (VA),

defined as a composite of sustained ventricular tachycardia (VT), appropriate implantable cardioverter defibrillator

therapies, and ventricular fibrillation/sudden cardiac death events in follow-up, were reported as the primary outcome.

We tested the performance of the ARVC risk calculator for VA prediction, reporting c-statistics.

RESULTS Among 252 DSP-TFCþ patients (age 39.6 � 16.9 years, 35.3% male), 94 (37.3%) experienced VA over 44.5

[IQR: 19.6-78.3] months. Patients with left ventricle involvement (n ¼ 194) were at higher VA risk (log-rank P ¼ 0.0239).

History of nonsustained VT (aHR 2.097; P ¼ 0.004) showed the strongest association with VA occurrence during the first

5-year follow-up. Neither age (P ¼ 0.723) nor male sex (P ¼ 0.200) was associated with VAs at follow-up. In 204

patients without VA at diagnosis, incident VA rate was high (32.8%; 7.37%/y). The ARVC risk calculator performed poorly

overall (c-statistic 0.604 [0.594-0.614]) and very poorly in patients with left ventricular disease (c-statistic 0.558

[0.556-0.560]).

CONCLUSIONS DSP-TFCþ patients are at substantial risk for VAs. The ARVC risk calculator performs poorly in

DSP-TFCþ patients suggesting need for a gene-specific risk algorithm. Meanwhile, DSP-TFCþ patients with nonsustained

VT should be considered as high-risk. (JACC Adv 2024;3:100832) © 2024 The Authors. Published by Elsevier on behalf

of the American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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ABBR EV I A T I ON S

AND ACRONYMS

ARVC = arrhythmogenic right

ventricular cardiomyopathy

ICD = implantable cardioverter

defibrillator

DSP = desmoplakin

TFC = Task Force Criteria

PKP2 = plakophillin-2

LP/P = likely pathogenic/

pathogenic

LV = left ventricle

CMR = cardiac magnetic

resonance

NSVT = nonsustained

ventricular tachycardia

HF = heart failure

LGE = late gadolinium

enhancement

LVEF = left ventricular ejection

fraction

RVEF = right ventricular

ejection fraction

VA = ventricular arrhythmias
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A rrhythmogenic right ventricular car-
diomyopathy (ARVC) is a heteroge-
neous genetic disease associated

with pathogenic variants in genes encoding
the cardiac desmosome associated with the
development of potentially lethal ventricu-
lar arrhythmias (VA).1 In light of this
elevated risk for sudden cardiac death, the
usual next step following a patient’s ARVC
diagnosis is an individualized assessment
of arrhythmic risk and a decision regarding
the placement of an implantable cardi-
overter defibrillator (ICD).2,3 However, the
indications for primary prevention ICD use
in patients with ARVC have historically
been less clear.

In 2019, a novel risk stratification tool for
aiding in ICD decision-making for patients
with a definite diagnosis of ARVC, as per the
2010 Task Force Criteria (TFC), and no pre-
vious sustained VA events was proposed.4

Since then, the ARVC risk calculator has
been found to be reliable in multiple external
validation cohorts.5-11 This risk stratification
tool, however, was derived from an ARVC patient
cohort primarily composed of plakophilin-2 (PKP2)
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variant carriers and gene-elusive patients.4 Studies
have suggested suboptimal performance of the ARVC
risk calculator in left dominant forms of ARVC,
although the relatively low patient sample size and
event rate of those studies precluded definite con-
clusions.5,7,10 Foremost among these underrepre-
sented ARVC patients are those with likely
pathogenic or pathogenic (LP/P) desmoplakin (DSP)
variants.

DSP variants are associated with both ARVC and
dilated cardiomyopathy pathogenesis.12,13 Consistent
with this, patients with LP/P DSP variants often have
a phenotype in which the left ventricle (LV) is
extensively affected even at early stages of disease,
and studies suggest an aggressive arrhythmic
course.14-16 However, long-term outcome character-
ization and optimal approaches to arrhythmia risk
stratification have been limited by the relatively small
sample sized patient cohorts,14,15 around half of
whom did not fulfill TFC. Even when the TFC are
fulfilled, it is unclear how ARVC-based risk stratifi-
cation strategies perform in patients with LP/P DSP
variants and thus whether they should be
applied.5,7,10 This study therefore aims to characterize
arrhythmic outcomes over long-term follow-up and
to test the performance of a recently validated risk
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stratification algorithm (ARVC risk calculator) in pa-
tients with DSP LP/P variants who fulfill the definite
2010 ARVC TFC (DSP-TFCþ).

METHODS

STUDY COHORT. Patients were ascertained from
ARVC and genetic cardiomyopathy registries of 20
academic institutions from 8 different countries
(United States of America, United Kingdom, France,
Italy, the Netherlands, Canada, Australia, and
Switzerland). Each registry is, in itself, a longitudinal
cohort study.

From each registry, patients were included in the
study if they: 1) harbored a pathogenic (P) or likely
pathogenic (LP) genetic variant in DSP per the
American College of Medical Genetics and Genomics
criteria17; 2) fulfilled a definite diagnosis of ARVC in
accordance with the 2010 TFC1; 3) had at least one
cardiac imaging test available (cardiac magnetic
resonance [CMR] or echocardiography) at the time of
TFC fulfillment; and 4) had at least 1 day of follow-up
available for outcome ascertainment.

Ethical review board approval and written patient
consent were obtained in accordance with local reg-
ulations. The study was performed in accordance
with the Declaration of Helsinki.

DATA COLLECTION. Available demographics, patient
medical history, genetic test results, baseline
cardiac instrumental exams (12-lead electrocardio-
gram, echocardiography, CMR, 24-hour Holter-
electrocardiogram monitor) were retrieved for each
patient. All DSP genetic variants initially considered P
or LP locally underwent expert review by core lab from
specialists in cardiac genetics (B.M., C.A.J.). A list of all
genetic variants included in the study has been re-
ported in Supplemental Table 1. Nonsustained ven-
tricular tachycardia (NSVT) has been defined as 3 or
more sequential premature ventricular complexes at a
frequency >120 beats/min. Heart failure (HF) episodes
were defined as a clinical presentation consistent with
acute or decompensated HF requiring hospitalization.
LV involvement was defined as the presence of late
gadolinium enhancement (LGE) in the LV on CMR
and/or the presence of an LV ejection fraction
(LVEF) <50% on any cardiac imaging test.

STUDY OUTCOMES. Consistent with the published
ARVC risk calculator, the primary outcome was first
sustained VA following confirmed ARVC diag-
nosis.10,11,18 Sustained VA was defined as a composite
of the occurrence of sudden cardiac arrest, sponta-
neous sustained ventricular tachycardia lasting $30 s
with a frequency of at least 100 beats/min or with
hemodynamic compromise, ventricular fibrillation/
flutter, or appropriate ICD intervention.4-11,18 Fast VA
was defined as sustained VA events with a rate
>250 beats/min. The primary prevention cohort was
composed of those patients with no history of sus-
tained VA at the time of TFC fulfillment.

STATISTICAL ANALYSIS. Analyses were performed
in PyCharm software version 2021.2.2 (JetBrains Inc)
and the open-source Pandas, Lifelines, and Statsmo-
dels statistical code libraries. Categorical variables
were summarized as frequencies (%) and compared
using proportional z-tests. Continuous variables were
presented as mean � SD or median (IQR) and
compared using independent sample Student t-tests
or the Mann-Whitney U-tests, as appropriate. The
overall probability of freedom from sustained VA was
estimated using the Kaplan-Meier method. Rates of
incident VA are reported as averages over the 5-year
period following initial diagnosis, both within the
overall cohort and stratified by both: 1) presence/
absence of sustained VA prior to ARVC diagnosis
(primary vs secondary prevention cohort); and 2)
presence/absence of LV involvement. Log-rank (LR)
testing was used to assess differences in VA event
rates between subgroups. Associations between in-
dividual risk factors included within the ARVC risk
calculator or the presence of LV involvement as well
as its individual components (LGE in the LV on CMR,
LVEF <50%) and sustained VA events were assessed
using Cox proportional hazards regression models;
those risk factors for whom the P value was <0.10
were included in a subsequent multivariable Cox
proportional hazard regression model. Competing-
risk sensitivity analysis for nonarrhythmic death
and heart transplants were performed using Fine and
Gray’s proportional subhazards models.
Supplemental Methods details the methods used for
assessing and testing the performance of the ARVC
risk calculator in this patient cohort.

RESULTS

PATIENT COHORT. A cohort of 252 DSP-TFCþ patients
was included in the study. Probands made up 59.9%
of the cohort. The mean age at TFC fulfillment was
39.6 � 16.9 years (n ¼ 7, age <14 years), at which time
most patients (204, 81.0%) had no history of
sustained VA events (primary prevention cohort).
The vast majority (84.9%) of patients had >500
PVCs/24 h, with a median 24-hour PVC burden of
2000 [650-5,000]. Mean LVEF and right ventricular
ejection fraction (RVEF) of the study cohort were
mildly reduced, 45.0% � 13.3% and 46.4% � 11.2%,
respectively. LV involvement was observed in 194
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TABLE 1 Baseline Characteristics

Overall
Cohort

(N ¼ 252)

Primary
Prevention
(n ¼ 204)

Secondary
Prevention
(n ¼ 48)

Age at TFC fulfillment, y 39.6 � 16.9 39.1 � 17.4 42.2 � 14.3

Male 85 (33.7) 65 (31.9) 20 (41.7)

Ethnicity

White Caucasian 238 (94.4) 194 (95.1) 44 (91.7)

South Asian 6 (2.4) 5 (2.5) 1 (2.1)

African American/Black 5 (2.0) 3 (1.5) 2 (4.1)

Hispanic 2 (0.8) 2 (0.9) 0

East Asian 1 (0.4) 0 1 (2.1)

Probands 151 (59.9) 113 (55.4) 38 (79.2)

Sustained VA at/prior to TFC fulfillment 48 (19.0) - 48 (100)

ECG

Overall n of TWI 3 [1-4] 3 [1-4] 3 [1-5]

TWI in $3 precordial leads 124 (49.2) 95 (46.6) 29 (60.4)

TWI in $2 inferior leads 45 (17.9) 36 (17.6) 9 (20.0)

24-h PVC burden 2,000 (650-5,000) 1,920 (612-5,000) 2,438 (1,180-6,124)

24-h PVC burden $500 155 (84.9) 133 (65.2) 22 (45.8)

LVEF at TFC fulfillment 45.0 � 13.3 46.6 � 10.5 41.5 � 12.5

RVEF at TFC fulfillment 46.4 � 11.2 45.8 � 13.4 45.4 � 13.7

LGE at TFC fulfillment (assessed n ¼ 193/166/33) 131 (68.2) 111 (66.9) 20 (60.6)

LV disease involvement 194 (77.0) 156 (76.5) 38 (79.1)

Medical therapy at baseline

BB 165 (65.5) 136 (66.7) 29 (60.4)

AAD 37 (14.7) 24 (11.8) 13 (27.1)

ACEI/ARB 113 (44.8) 89 (43.6) 24 (50.0)

MRA 38 (15.1) 29 (14.2) 9 (18.8)

ICD at TFC fulfillment 118 (46.8) 81 (39.7) 37 (77.1)

Values are mean � SD, n (%), or median (IQR).

ACEI ¼ angiotensin converting enzyme inhibitor; AAD ¼ anti-arrhythmic drug; ARB ¼ angiotensin receptor blocker; BB ¼ beta blocker; ICD ¼ implantable cardioverter
defibrillator; LGE ¼ late gadolinium enhancement; LV ¼ left ventricular; LVEF ¼ left ventricular ejection fraction; MRA ¼ mineralocorticoid receptor antagonist; PVC ¼
premature ventricular contraction; RVEF ¼ right ventricular ejection fraction; TFC ¼ Task Force Criteria; TWI ¼ T-wave inversion; VA ¼ ventricular arrhythmias.
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(77.0%) patients (n ¼ 140 with LVEF reduction;
n ¼ 131 with LGE). A total of 165 (65.5%) patients were
on a beta-blocker and 37 (14.7%) on an antiarrhythmic
drug at time of TFC fulfillment. Table 1 summarizes
the baseline characteristics of the overall, primary,
and secondary prevention cohorts. Specifics
regarding TFC fulfillment of the overall cohort have
been reported in Supplemental Table 2. Supplemental
Table 3 reports cohort characteristics stratified by
proband status.

OUTCOMES. Table 2 summarizes study outcomes for
the overall and primary prevention cohorts stratified
by LV involvement. Over a median follow-up of 44.5
(IQR: 19.6-78.3) months, 94 (37.3%) patients experi-
enced a sustained VA event (VA event rate annualized
over 5-year 7.6% [IQR: 6.2%-9.2%]; fast VA event rate
annualized over 5-year 3.2 [IQR: 2.2%-4.6%]). Figure 1
reports the KM curve for the entire cohort. Patients
with a prior sustained VA event at TFC fulfillment
experienced a higher arrhythmic event rate in follow-
up compared to the primary prevention cohort (LR
P ¼ 0.034). Overall, a higher rate of VA events was
observed in patients with LV involvement, both in the
overall (Figure 2A) (LR, P ¼ 0.0239) and in the primary
patient cohort (LR, P ¼ 0.0133) (Figure 2B). As per
Table 2, during follow-up, 47 (18.6%) patients expe-
rienced congestive HF episodes, with 22 (8.7%) pa-
tients undergoing heart transplantation (n ¼ 12
terminal HF; n ¼ 6 intractable VA; n ¼ 2 unknown).
Overall patient mortality at last follow-up was 2.8%.
At the last available follow-up, 175 (69.4%) patients
were implanted with an ICD. Competing-risk sensi-
tivity analysis was performed for nonarrhythmic
death and transplant but did not impact the results.

PREDICTORS OF SUSTAINEDVENTRICULAR ARRHYTHMIAS

IN THE OVERALL COHORT. Table 3 reports an associa-
tion between sustained VA events during follow-up
and baseline clinical characteristics of the overall
cohort. In univariable analysis, LV involvement (HR:
2.121 [95% CI: 1.088-4.138], P ¼ 0.027), PVC
burden (HR: 1.189 [95% CI: 1.034-1.368], P ¼ 0.015)
and a history of NSVT episodes (HR: 2.629

https://doi.org/10.1016/j.jacadv.2024.100832
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TABLE 2 Outcomes Stratified by Presence or Absence of Left Ventricular Involvement

Follow-Up Data

Overall Cohort Primary Prevention Cohort

Overall
(N ¼ 252)

LV Involvement
(n ¼ 194)

No LV
Involvement
(n ¼ 58)

Overall
(N ¼ 204)

LV Involvement
(n ¼ 156)

No LV
Involvement
(n ¼ 48)

Length of follow-up (mo) 44.5 (19.6-78.3) 42.2 (16.4-74.2) 51.0 (26.0-114.2) 44.5 (20.1-78.3) 41.6 (17.6-73.4) 53.8 (26.7-122.0)

Patient with VA events 94 (37.3) 77 (39.7) 17 (29.3) 67 (32.8) 56 (35.9) 11 (22.9)

Sustained VT 30 (11.9) 23 (11.9) 7 (12.1) 26 (12.7) 21 (13.4) 5 (10.4)

ICD shocks 57 (22.6) 49 (25.3) 8 (13.8) 36 (17.6) 31 (19.9) 5 (10.4)

VF/SCA 7 (2.8) 5 (2.6) 2 (3.4) 5 (2.5) 4 (2.6) 1 (2.0)

HF episodes 47 (18.7) 41 (21.1) 6 (10.3) 37 (18.1) 33 (21.2) 4 (8.3)

Transplant 22 (8.7) 22 (11.3) 0 18 (8.8) 18 (11.5) 0

Death 7 (2.8) 6 (3.1) 1 (1.7) 6 (2.9) 5 (3.2) 1 (2.0)

ICD at last follow-up 175 (69.4) 139 (71.6) 36 (62.1) 133 (65.2) 105 (67.3) 28 (58.3)

Values are median (IQR) or n (%).

HF ¼ heart failure; ICD ¼ implantable cardioverter defibrillator; LV ¼ left ventricular; SCA ¼ sudden cardiac arrest; VA ¼ ventricular arrhythmias; VF ¼ ventricular fibrillation;
VT ¼ ventricular tachycardia.
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[95% CI: 1.655-4.176], P < 0.001) were positively
associated with arrhythmic events, while a negative
association with RVEF% was observed (HR: 0.978
[95% CI: 0.960-0.998], P ¼ 0.027). In multivariable
Cox regression, NSVT episodes remained associated
with arrhythmic outcomes (aHR: 2.097 [95% CI: 1.274-
3.450], P ¼ 0.004). Supplemental Table 5 shows in-
fluence of each component of LV involvement (LVEF,
LGE). As can be appreciated, LVEF but not LV LGE
was associated with sustained VA in univariable
analysis when these aspects of LV involvement were
considered separately. In multivariable Cox regres-
sion, lower LVEF (aHR: 0.977 [95% CI: 0.956-0.998],
P ¼ 0.028) and NSVT episodes (aHR: 2.236 [95% CI:
1.364-3.663], P ¼ 0.001) were associated with VA in
follow-up.

RISK STRATIFICATION AND PERFORMANCE OF THE

ARVC RISK CALCULATOR IN THE PRIMARY PRE-

VENTION COHORT. Performance of the ARVC risk
calculator was tested in the primary prevention pa-
tient cohort (n ¼ 204). Over a 5-year follow-up period,
57 (27.9%) primary prevention patients experienced a
sustained VA event (VA event rate annualized over 5
years: 7.7% [IQR: 6.1%-9.4%]; fast VA event rate
annualized over 5 years: 2.8% [IQR: 1.8%-4.4%]).
Among variables of the ARVC risk calculator plus LV
involvement, a previous episode of NSVT, PVC
burden, and the presence of LV involvement were
associated with a higher risk of sustained VA events
during 5-year follow-up (HR: 2.506 [95% CI: 1.491-
4.231], P ¼ 0.001; HR: 1.243 [95% CI: 1.061-1.455],
P ¼ 0.007; HR: 2.618 [95% CI: 1.187-5.777], P ¼ 0.017,
respectively), but none of them retained significance
in multivariable Cox regression analysis. As shown in
Supplemental Table 6, while lower LVEF and
presence of LGE were associated with sustained VA in
univariable analysis when considered as individual
risk factors, neither was retained in the multivari-
able model.

In this primary prevention cohort, the overall me-
dian ARVC risk calculator predicted risk of VA at 5
years was 15.4% [IQR: 8.3%-25.0%] and was signifi-
cantly higher in patients with LV involvement than in
those without (16.9% [IQR: 9.2%-27.6%] vs 10.1%
[IQR: 6.2%-18.0%], P # 0.001). In the entire primary
prevention cohort of patients with DSP-TFCþ,
discrimination of sustained VA risk by the ARVC risk
calculator was poor (c-statistic 0.604 [0.594-0.614])
as was calibration of predicted risks with observed
incidence of VA (Figure 3A). Discriminative perfor-
mance of the ARVC risk calculator was very poor in
patients with LV involvement (c-statistic 0.558
[0.556-0.560]) (Figure 3B), but was good in those
without (0.756 [0.702-0.810]) LV involvement
(Figure 3C). The relationship between risk of VA pre-
dicted by the ARVC risk calculator and the observed
incidence of VA in patients with LV involvement was
highly nonlinear (Figure 3B), while risk was consis-
tently underestimated in patients without LV
involvement (Figure 3C). Per-risk bracket perfor-
mance of the ARVC risk calculator in arrhythmic risk
stratification for the primary prevention cohort has
been graphically displayed in Supplemental Figure 1
(overall) and Supplemental Figures 2 and 3 (stratifi-
cation by LV involvement).

DISCUSSION

This multinational study enrolled the largest cohort
of patients with a LP/P DSP variant fulfilling the 2010
TFC that has been published to date.

https://doi.org/10.1016/j.jacadv.2024.100832
https://doi.org/10.1016/j.jacadv.2024.100832
https://doi.org/10.1016/j.jacadv.2024.100832
https://doi.org/10.1016/j.jacadv.2024.100832
https://doi.org/10.1016/j.jacadv.2024.100832


FIGURE 1 Freedom From Ventricular Arrhythmia Events in the Overall Study Cohort Kaplan-Meier Curve Displaying Overall Cohort

Freedom From Ventricular Arrhythmias Over Follow-Up
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The main findings of this study are summarized as
follows (Central Illustration). First, during a median
follow-up of almost 4 years, a substantial rate of
VA events (overall 37.3%; annualized over 5-year
7.6% [IQR: 6.2%-9.2%]) was observed in DSP-
TFCþ patients. The observed VA rate was nearly as
high (overall 32.8%; annualized over 5-year 7.7%
[IQR: 6.1%-9.4%]) among those patients without
previous VA event at diagnosis (“primary prevention
patients”). Second, a history of NSVT, a high PVC
burden, and LV involvement were associated with an
increased risk of VA events in primary prevention
patients. Interestingly, in contrast to PKP2 or gene-
elusive ARVC, female patients were at appreciable
risk. Finally, the ARVC risk calculator did not perform
well overall in VA risk discrimination (overall C sta-
tistic 0.604 [0.594-0.614]). When stratifying patients
by presence or absence of LV involvement, the ARVC
risk score performance was fair in DSP-TFCþ patients
without LV involvement (C statistic 0.756 [0.702-
0.810]), but very poor in patients with LV involve-
ment (C statistic 0.558 [0.556-0.560]).

LONG-TERM ARRHYTHMIC OUTCOMES OF DSP-TFCD

PATIENTS. Data regarding the long-term outcomes of
the different phenotypes of DSPþ patients are limited
mostly due to the lack of patient-level data. As a
result, when these patients fulfill the 2010 TFC, there
is no clear consensus on the relative arrhythmic risk
compared to the other ARVC phenotypes (ie, PKP2-
ARVC, gene-elusive ARVC) or on appropriate risk
stratification approaches. In comparison to classical
ARVC phenotypes, higher, similar, or lower VA rates
have all been reported for patients with DSP
variants.10,14,15,19,20 Prior studies have been hampered
by small patient sample sizes, and a definitive answer
regarding arrhythmic risk in these patients re-
mains elusive.

More than a third of DSP-TFCþ patients experi-
enced sustained VA during the median 4-year follow
up. A previous VA event is known to be strongly
associated with additional VA events during follow-
up in patients with ARVC,21,22 so the event rate
observed in patients with a previous history of VAs is
not surprising. In our cohort, however, VA events
were frequent even among those “primary preven-
tion” patients without a history of sustained VA
events at the time of diagnosis (annual event rate
7.7% [IQR: 6.1%-9.4%]). No direct outcome compari-
sons between different genotypes were performed in
this study, but studies of primary prevention ARVC
cohorts primarily comprised of gene-elusive and
PKP2 patients available in literature, primarily from
our centers, reported substantially lower VA rates
(annualized VA rates 2.6%-5.6%4,10,11). These findings
strongly point towards DSP-TFCþ being a particularly
high arrhythmic risk phenotype, especially when LV
involvement is present.

ARRHYTHMIC RISK STRATIFICATION. Given the rate
of sustained VA events observed in our study, an
appropriate and specific arrhythmic risk stratification



TABLE 3 Variables Associated With Freedom From VA Events During Follow-Up in the

Overall Patient Cohort

5-y Arrhythmic Risk Predictors

Univariable Multivariable

HR 95% CI P Value aHR 95% CI P Value

Age (/y) 0.998 0.984-1.011 0.723

Male 0.710 0.420-1.199 0.200

TWI tot (/lead with TWI) 0.960 0.868-1.061 0.423

PVC burden (log) 1.189 1.034-1.368 0.015 1.102 0.950-1.279 0.200

Cardiac syncope 1.038 0.532-2.026 0.912

History of NSVT 2.629 1.655-4.176 <0.001 2.097 1.274-3.450 0.004

RVEF (/%) 0.978 0.960-0.998 0.027 0.989 0.97-1.009 0.288

LV involvement 2.121 1.088-4.138 0.027 1.488 0.717-2.924 0.302

Bold values indicate P < 0.050.

LV ¼ left ventricular; NSVT ¼ nonsustained ventricular tachycardia; RVEF ¼ right ventricular ejection fraction;
VA ¼ ventricular arrhythmias.

FIGURE 2 Differences in Arrhythmic Outcomes Depending on LV Involvement

Freedom from ventricular arrhythmia in the overall (right panel) and primary prevention (left panel) cohorts, stratified by LV involvement both panels show a higher

occurrence of ventricular arrhythmia events in those patients in which LV involvement is present. Shaded area around the KM curve represents the 95% freedom from

ventricular arrhythmia CI. Numbers reported below represents patients at risk (top row: no LV involvement; bottom row: LV involvement); KM ¼ Kaplan Meier; LV ¼ left

ventricular.
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strategy for DSP-TFCþ patients is imperative. How-
ever, most of the current ARVC risk stratification
strategies are based upon data derived from pre-
dominantly right-sided PKP2-associated or gene-
elusive ARVC cohorts.2-4 Thus, whether established
ARVC arrhythmic risk factors remain important for
DSP-TFCþ patients was previously unknown. In our
study, some risk factors for sustained VA were similar
to those of classical right-sided ARVC phenotypes.
For instance, a high burden of PVCs, the presence of
NSVT, and a lower RVEF were associated with an
increased risk for sustained VAs. In contrast, other
arrhythmic risk factors for classical right-sided ARVC,
such as younger age, was not identified as risk factors
in this population. Of particular interest, male DSP-
TFCþ patients did not have an increased risk of VA.
This is in stark contrast to what has been commonly
observed in most classical ARVC phenotypes.10,18,19

These findings are unexpected and represent an
important clinical message. Therapeutic intervention
in ARVC patients has historically been more aggres-
sive in male patients due to their increased
arrhythmic risk. Based on the results of our study,
female DSP-TFCþ patients should be considered as
having at least as high an arrhythmic risk as their
male counterparts. Finally, there was evidence of
worse arrhythmic outcomes in patients with LV
involvement, both in the overall and primary pre-
vention patient population. When LVEF and LGE
were considered separately, lower LVEF was associ-
ated with sustained VA in the overall cohort, but not
the primary prevention cohort, in multivariable
analysis. Larger studies are needed to definitively
assess the individual roles of LGE and LVEF in VA risk
stratification for patients with LP/P DSP variants,
particularly in the setting of primary prevention.

The ARVC risk calculator is reliable in discrimi-
nating the risk of sustained VA events in primary
prevention patients with ARVC.10,11 Comparisons be-
tween the available risk stratification algorithms
(ie, ITFC 2015,3 HRS 20192) have been performed in
multiple independent studies.23,24 These studies
favored the ARVC risk calculator, which achieved
greater arrhythmic protection despite a lower total
number of implanted ICDs. However, the possibility



FIGURE 3 Performance of the ARVC Risk Score in DSP-TFCþ Patients

Performance of the ARVC risk calculator in DSP-TFCþ patients calibration plot for the performance of the ARVC risk calculator in the primary prevention cohort overall

(A) and stratified on the presence (B) or absence (C) of left ventricular involvement. Average risk predicted by the ARVC risk calculator is plotted against the observed

VA risk and associated 95% CI as estimated by the Kaplan-Meier method for each quintile (blue line). The linearity of this relationship is assessed using linear regression,

and the coefficient of determination (r2) reflects the degree to which this relationship is appropriately characterized by a linear model. The red line reflects perfect,

linear risk-prediction; risk predictions falling to the upper left of this line represent model underprediction, while risk prediction falling to the lower right of this line

represent model overpredictions. ARVC ¼ arrhythmogenic right ventricular cardiomyopathy; LV ¼ left ventricular; VA ¼ ventricular arrhythmias.
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CENTRAL ILLUSTRATION Arrhythmia Risks in Patients With Desmoplakin-Associated
Arrhythmogenic Right Ventricular Cardiomyopathy

Gasperetti A, et al. JACC Adv. 2024;3(3):100832.
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of underperformance by the ARVC risk calculator in
patients with extensive or exclusive LV involve-
ment,5,7 as well as its potential inadequacy for use in
specific genotypes, has recently been postulated.10 In
our large cohort of DSP-TFCþ patients, the ARVC risk
calculator’s performance was poor overall (C statistic
0.604 [0.594-0.614]). Consistent with previous small
reports from Casella et al and Aquaro et al,5,7 the
ARVC risk calculator’s discrimination was worst in
patients with LV involvement. A better discrimina-
tion was observed in patients without LV involve-
ment (C statistic 0.756 [0.702-0.810]), although with a
trend toward underpredicting likelihood of sustained
VA events (Figure 3C). These findings partially
contradict the report from Protonotarios et al, where
the ARVC risk score was found to overpredict the
arrhythmic risk in ARVC patients with DSP variants.
The observed differences can potentially be
explained by the predominance of patients being
enrolled in cardiomyopathy centers, resulting in a
cohort with lower arrhythmic risk/higher HF risk. In
our assessment, we included a large number of pa-
tients from both cardiomyopathy and arrhythmia
clinics in order to capture the whole clinical spectrum
of DSP-TFCþ patients and minimize center-specific
patient characteristics and differences. Finally, in
contrast to studies of right-sided ARVC phenotypes,
the ARVC risk calculator did not perform better than
current expert recommendations and clinical
consensus guidelines in DSP-TFCþ patients. Regard-
less of the potential threshold of predicted 5-year VA
risk, this tool either led to a lower protection rate
from arrhythmias or to a similar protection rate but
with a higher number of ICD placements needed to
prevent an arrhythmic event (a lower “net benefit”
ratio).
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FUTURE PERSPECTIVES. This study clearly demon-
strates that DSP-TFCþ patients are at high arrhythmic
risk. The best modality to perform risk stratification
assessment in this population, however, remains
unclear. From our data, it seems reasonable to discuss
ICD implantation for patients with episodes of NSVT,
high PVC burden, or LV involvement, given their
strong association with complex VA events during
follow-up. Additionally, patients harboring a DSP
variant have also been reported as frequently ful-
filling DCM criteria.14 In these patients, considering
DSP variants as high-risk genetic variants as per the
recently released 2022 ESC guidelines for the man-
agement of patients with VA (as with variants in
phospholamban (PLN), filamin C, and RBM20), seems
appropriate.25 Finally, a genotype tailored risk strat-
ification strategy for ARVC has recently been advo-
cated.10,26,27 A similar approach has been
implemented in other genetically-based cardiomy-
opathies. For example, Verstraelen et al28 showed
that a PLN-tailored risk stratification algorithm was
more effective than other available risk stratification
scores (ie, dilated cardiomyopathy guidelines or
ARVC risk calculator) for patients with PLN-associ-
ated cardiomyopathy, suggesting that such genotype-
first strategies may be reasonable. Considering that
the ARVC risk calculator did not perform well even in
patients with DSP variants who meet TFC, it is likely
these patients would benefit from the development of
DSP-specific risk stratification tools for the prediction
of arrhythmic events.

STUDY LIMITATIONS. This was a retrospective cohort
study, potentially prone to all the biases associated
with retrospective studies. To reduce those biases
(and in particular selection bias), patients from both
arrhythmia clinics and cardiomyopathy/HF clinics
across the world were enrolled. Additionally, while
this study found an association between the presence
of NSVT and the occurrence of VA events in this pa-
tient population, data regarding the NSVT burden
were unfortunately not available. Furthermore, our
study addressed the presence of LGE in DSP-
TFCþ patients as a categorical variable. While no as-
sociation between VA and presence of LGE was
observed in our study, the possibility that a quanti-
tative assessment of LGE (ie, % of LGE per LV
segment) would be associated with VA should not be
excluded. Dedicated imaging studies addressing this
topic in the future will be of help to further clarify the
prognostic role of LGE in DSP patients. Finally, while
a commonly observed disease phenotype in patients
with DSP P/LP variants is one that fulfills the 2010
TFC, such phenotype does not encompass the com-
plete range of DSP-associated disease. To fully un-
derstand this disease, further research should be
conducted that includes DSPþ patients enrolled
based on genotype rather than the specific disease
phenotype they exhibit.

CONCLUSIONS

Patients with a DSP LP/P variant who fulfill TFC are
at substantial risk for VA events. While arrhythmic
risk markers partially overlap with those of classical
ARVC, female DSP-TFCþ patients were at similar, if
not higher, VA risk as males, and age was not an
informative predictor. The ARVC risk calculator had
poor performance in DSP-TFCþ patients, albeit bet-
ter in patients with isolated right-sided disease.
DSP-TFCþ patients may benefit from the develop-
ment of gene-specific risk stratification tools. In the
meanwhile, the ARVC risk calculator can only be
used in DSP-ARVC patients who have no LV
involvement. In the remaining patients, evidence of
VA (ie, high PVC burden or NSVT) is a salient marker
of VA risk.
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COMPETENCY IN MEDICAL KNOWLEDGE: Patients

harboring DSP pathogenic/likely pathogenic variants and fulfill-

ing ARVC diagnostic criteria (DSP-TFCþ) have a substantial risk

of ventricular arrhythmia events during follow-up. Female sex

was not associated with a lower arrhythmic risk.

COMPETENCY IN PATIENT CARE: DSP-TFCþ patients are

poorly stratified by the ARVC risk calculator. DSP-TFCþ patients

with NSVT should be considered as high-risk and have an

informed discussion about ICD placement.
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