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Arrhythmogenic Cardiomyopathy

Look Right, Look Left, Look Both Ways*

Michael J. Ackerman, MD, PuD,>"¢ John R. Giudicessi, MD, PuD

rrhythmogenic cardiomyopathy (ACM) is an

umbrella term used to describe a clinically

and genetically heterogeneous group of heart
muscle disorders characterized by prominent and
potentially life-threatening ventricular and atrial ar-
rhythmias as well as progressive fibrosis and/or fibro-
fatty replacement of the ventricular myocardium (1).
Classically, the prototypic subtype of ACM, arrhyth-
mogenic right ventricular cardiomyopathy (ARVC),
is viewed as a disease of the RV with only minor or
late-onset involvement of the left ventricle (LV) (1).
However, in recent years, the ACM clinical spectrum
has grown to include both LV- (i.e., arrhythmogenic
left ventricular cardiomyopathy [ALVC]) and
biventricular-predominant patterns of disease as
recognized formally by the recently released 2019
Heart Rhythm Society ACM expert consensus state-
ment (2-6).

Once regarded as a disease of young adults (i.e.,
individuals in their third or fourth decade of life),
a small, but growing, body of evidence has demon-
strated that ACM can present during both childhood
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and adolescence (7,8). Although the frequency of
strenuous exercise (9) and autoimmunity (e.g., pres-
ence of anti-desmoglein-2 antibodies) (10) have
emerged as potentially important determinants of
age-related penetrance and disease progression, the
precise combination(s) of factors (genetic, environ-
mental, and immunological) responsible for the clin-
ical heterogeneity, incomplete penetrance, and
variable expressivity that have come to define ACM

clinically remain incompletely defined.

SEE PAGE 346

Importantly, our current understanding of the
epidemiology, clinical features, and natural history of
ACM, including pediatric-onset disease (8), is derived
primarily from ARVC-specific cohort studies. As such,
the study by DeWitt et al. (11) in this issue of the
Journal seeks to define the phenotypic spectrum
present in pediatric-onset ACM through a systematic
examination of the clinical phenotype (i.e., ventric-
ular involvement, ventricular arrhythmia severity,
presence of myocardial inflammation) and genetic
underpinnings of patients presenting prior to age
21 years with a clinical history consistent with ACM.

Armed with the widely used 2010 ARVC task force
criteria (12) and a set of proposed, but not yet vali-
dated, ALVC criteria (3), DeWitt et al. (11) demonstrate
clearly that pediatric-onset ACM can involve pre-
dominantly the RV and/or LV at the time of presen-
tation. Whereas ARVC was responsible for one-half
(16 of 32; 50%) of pediatric-onset ACM, biventricular
ACM and ALVC accounted for 28% (9 of 32) and 22%
(7 of 32), respectively (11).

Of note, the genetic yield observed, across all 3
patterns of disease, in the pediatric-onset ACM study
by DeWitt et al. (11) was considerably higher than that
reported previously in adults (5). However, the
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genetic underpinnings of adult- and pediatric-onset
ARVC, ALVC, and biventricular ACM appear to be
somewhat similar (3,5). Consistent with prior ARVC
studies (5,8), pathogenic and/or likely pathogenic
(P/LP) variants in PKP2-encoded plakophilin-2 were
responsible for the bulk of classic ARVC (14 of 16;
88%) and pediatric-onset ACM in general (17 of 32;
53%) (11). Similarly, P/LP variants in DSP-encoded
desmoplakin and LMNA-encoded lamin A/C, genes
associated strongly (DSP) or predominantly (LMNA)
with arrhythmia-prone forms of dilated cardiomyop-
athy (13), were responsible for the majority of
pediatric-onset ALVC cases (6 of 7; 86%; 3 P/LP vari-
ants in DSP and 3 P/LP variants in LMNA) (11). Lastly,
>1rare variant in a desmosomal gene (i.e., PKP2, DSP,
DSC2, DSG2, and JUP), indicative of a potential ho-
mozygous or compound heterozygous state, was
observed in the majority of children and adolescents
with a biventricular presentation (6 of 9; 67%) (11).
This aligns with prior work indicating that individuals
with >1 putative ARVC-causative genetic variant
present earlier in life and with more frequent LV
involvement (5).

Although the patterns of ventricular involvement
and observed genotype-phenotype correlations (i.e.,
PKP2 in pediatric-onset ARVC, DSP and LMNA in
pediatric-onset ALVC, and homozygosity/compound
heterozygosity in pediatric-onset biventricular ACM)
are intriguing, the study by DeWitt et al. (11) is not
without limitations. Unlike the prior pediatric-onset
ARVC study by Te Riele et al. (8), the absence of an
adult-onset ACM comparison cohort in the study by
DeWitt et al. (11) limits our ability to elucidate what
factors, if any, differentiate pediatric- from adult-
onset ACM at the clinical and/or molecular levels.
This limitation is further compounded by the un-
availability of data pertaining to established envi-
ronmental modifiers, namely exercise, and clinical
outcomes (i.e., the ability to determine cumulative
event-free survival). Although the small number of
pediatric-onset ACM patients (n = 32) in the study of
DeWitt et al. (11) likely precludes assessment of these
variables, the reader is still left wondering the
following: 1) how the observed distribution of ven-
tricular involvement in pediatric-onset ACM
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compares directly to adults evaluated using the same
diagnostic scorecards; 2) whether exercise is a
reproducible determinant of pediatric-onset ARVC
and whether it influences DSP- and LMNA-
mediated, ALVC age-related penetrance in an analo-
gous fashion; and 3) whether clinical outcomes in
pediatric-onset ACM are influenced by the
ventricle(s) predominantly involved at the time of
presentation. In addition, potentially important
nondesmosomal genes that contribute to ACM path-
ogenesis, including 7 of 15 genes (47%) prioritized in
the recent Heart Rhythm Society ACM consensus
document (BAG3, FLNC, LDB3, NKX2-5, PLN, RBM20,
and SCN5A) (6), were not assessed and could poten-
tially explain the small number of cases that remain
genotype-negative.

Nevertheless, the study by DeWitt et al. (11) rep-
resents an important step forward in the ongoing
quest to raise awareness that ACM, in both children
and adults, is truly a biventricular disease with clin-
ically and genetically distinct right (ARVC), left
(ALVC), and biventricular forms. Hopefully, the
findings of DeWitt et al. (11) in concert with the
guidance provided by the much needed 2019 ACM
expert consensus statement (6) will encourage exist-
ing and future ACM studies and/or registries to enroll
patients, of all ages, from across the entire ACM
phenotypic spectrum (i.e., ARVC, ALVC, and biven-
tricular ACM). With any luck, insights gleaned from
future international and/or multicenter ACM registry-
based studies will help improve our understanding of
the environmental and genetic factors that predis-
pose to all forms of pediatric-onset ACM and aid in
the development of novel therapeutic approaches
designed to prevent and/or slow the progression of
these potentially life-threatening genetic heart
diseases.
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