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Dilated cardiomyopathy (DCM) is a genetic heart disease that
frequently leads to end-stage heart failure and is an impor-
tant cause of mortality and morbidity in individuals <45 years
of age.1 Patients with DCM are prone to arrhythmias with
30% suffering sudden cardiac death (SCD) events. Current
guidelines recommend the use of implantable cardioverter
defibrillators (ICDs) for the primary prevention of SCD in
DCM patients with New York Heart Association (NYHA) Class
II to III heart failure and a left ventricular ejection fraction
(LVEF) ≤35%.2 However, most cases of SCD occur in DCM pa-
tients with preserved or only slightly reduced LVEF.3 Notably,
a sizeable proportion of those with an ICD will never receive
appropriate device therapy while being exposed to a signifi-
cant risk of device-related complications, which occur in
~9% of patients.4,5 Thus, there is a need for a bespoke, indi-
vidualized, precision medicine approach to improve patient
selection for ICD with tangible improvement of outcomes.

During the past four decades, a multitude of studies has
tried to identify clinical parameters that would more reliably
predict sustained ventricular arrhythmias (VA) in this
arrhythmia-susceptible population.6 Many of these variables
showed inconsistent results in different populations, with lim-
ited reliability, validity, and reproducibility, while others were
challenging to translate to clinical practice.6 An ideal bio-
marker should be (i) sensitive; (ii) specific; (iii) cost-effective;
(iv) widely available; (v) non-invasive; (vi) quantifiable; (vii)
correlate temporally and with severity of disease; (vii) able
to offer early detection; (viii) validated and reliable; and (ix)
reproducible.7 Many of these biomarkers have fallen short
on most of these aspects, leaving LVEF as the most reliable
prognostic biomarker. However, most SCD events occur in
those with no prior history of VA or an LVEF > 40%, and
SCD can be the sentinel tragic and lethal event. Given the
challenging task of decision making for ICD implantation in
DCM patients, it is important to understand the collective

evidence for previously proposed predictors and their poten-
tial role in DCM risk stratification. The increased implementa-
tion of next-generation genetic sequencing technologies in
clinical practice results in larger genotyped DCM populations
with distinct genetic backgrounds and ensuing heteroge-
neous profiles, which may pave the way for individualizing
risk.8

To this end, in this issue of ESC Heart Failure, Sammani
et al.9 performed a systematic review and meta-analysis of
studies that investigated the predictors of sustained VA in
DCM. The authors report an annual risk of 4.5% of sustained
VA, which demonstrates the importance of arrhythmic SCD
prevention in this population. Younger age, presence of hy-
pertension, male sex, history of non-sustained VA, decreased
LVEF, left ventricular dilation, late gadolinium enhancement
(LGE) on cardiac magnetic resonance imaging, and presence
of mutations in phospholamban (PLN), lamin A/C (LMNA),
and filamin C (FLNC) genes were significant predictors of
sustained VA. The authors suggest that future clinical decision
support tools for ICD implantation in DCM should incorporate
many clinical parameters to improve risk prediction and per-
form competing event analyses.

The findings of this meta-analysis are interesting in many
aspects. First, in the context of the published literature and
clinical knowledge, they once again attest that predictors of
sustained VA in DCM are hard to identify, and their additive
value is currently low to moderate when compared with
LVEF. This challenge can be attributed to several factors: (i)
DCM is a heterogeneous disease and an end manifestation
of many conditions (many of which remain under-recognized)
with different arrhythmia risk patterns1; (ii) arrhythmias in
DCM result from different mechanisms (e.g. re-entry propa-
gated by myocardial fibrosis, and primary arrhythmias due
to genetic defects or secondary remodelling in ion channels,
desmosomes, or connexins)10; (iii) the role of neural
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circulatory control and its impact on initiation and mainte-
nance of arrhythmias are under-investigated; (iv) the natural
course of the disease can influence the effect of arrhythmic
risk factors over time, with some predictors being valid only
at a certain disease stage11; and (v) lack of sufficient data
for identifying potential predictors of sustained VAs.

Second, the independent predictive power of LGE and ge-
netic findings, perhaps the two most promising of all poten-
tial VA/SCD prognostic biomarkers, may be increased

manifold when more genotype–phenotype association data
emerge for other DCM-associated genes.8 Stated otherwise,
individual clinical parameters may pose risk for only certain
genetic subtypes of DCM but be of no significant clinical value
to others (e.g. marked LGE is a predictor for VA in FLNC-
mediated disease,12 whereas VA/SCD in RBM20-related
DCM typically result from disturbed calcium handling in the
absence of discernable structural remodelling13). Recent ad-
vances in long-term heart rate monitoring, high-resolution

Figure 1 The principle for a future model for sustained ventricular arrhythmias/sudden cardiac death risk stratification in dilated cardiomyopathy. Risk
factors should be determined among demographic, clinical, and genetic parameters by analysing separately for and compared in dilated cardiomyop-
athy (DCM) patients with and those without life-threatening ventricular arrhythmias (LTVAs). Final determination of the aggregate arrhythmic risk
should be based on a multi-parametric risk model, which will allow to tailor the therapy to individual patient’s needs and prevent sudden cardiac death
in DCM patients. CMR, cardiac magnetic resonance imaging; CRT-D, cardiac resynchronization therapy defibrillator; ECG, electrocardiogram; ICD, im-
plantable cardioverter defibrillator.
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cardiac magnetic resonance imaging, and next-generation se-
quencing promise incremental progress in identifying disease
subtypes over the coming years, facilitating clustering of DCM
groups based on their genetic, morphological, and electro-
physiological substrates (Figure 1).14–16

The authors chose a comprehensive approach by including
known autonomic, ECG, and Holter-based biomarkers of SCD,
which have been plagued by lack of reproducibility and diffi-
cult implementation.17 Most of these were unsurprisingly not
predictive, reflective of the small number of studies and the
high heterogeneity in the clinical parameters of included co-
horts. Thus, although negative for most potential predictors,
the quality of the meta-analysis is only as good as the original
data. Hence, these critical components of dysrhythmogenesis
deserve detailed systematic re-evaluation, especially with the
advent of more reliable measures and wearable or implant-
able technologies (such as activity monitors, subcutaneous
rhythm monitors, and CardioMEMS).18

Given that the DCM phenotype is often the ultimate man-
ifestation of etiologically heterogeneous groups of diseases, a
broad definition of DCM (at times referred to as non-ischemic
DCM) reflecting inclusion of a rather mixed patient/disease
population is an important limitation of this meta-analysis.
Furthermore, of all the monogenic cardiovascular diseases,
the genetics of DCM is arguably the most complex,
with DCM phenotypes seen in cases with genetic variants
associated with other cardiomyopathies, cardiac ion

channelopathies, muscular dystrophies, and mitochondrial
disorders; therefore, another limitation of this paper is its fo-
cus on a limited number of genes, which have been reported
to be associated with more arrhythmogenic DCM in an earlier
pooled analysis published in 2017.19 Additionally, similar to
many previous studies, the right ventricular function was
not included as a potential predictor of VA/SCD. Considering
the recent trends in reshaping our approach to arrhythmo-
genic cardiomyopathies, as emphasized with the recent
consensus document,20 understanding the contribution of
left-dominant and bi-ventricular arrhythmogenic cardiomyop-
athies to DCM caused by classical desmosomal gene variants
is important.21 This notion has been further supported by a
recent study, showing higher arrhythmic burden in DCM pa-
tients with desmosomal gene variants.14

This shift from traditional to a precision medicine approach
has started with the recognition of cardiac laminopathies as a
distinct clinical entity with specific risk parameters for SCD22

and will likely be extended to other DCM subtypes in the near
future. This knowledge will not only empower clinicians with
tools for identifying candidates for ICD but will also allow us
to provide assurance to those with benign DCM phenotypes
who can afford not being implanted with an ICD. Thus, there
is a need for well-trained, competent subspecialists in clinical
cardiovascular genetics able to interpret the swaths of infor-
mation generated by ‘omics’ technologies.23 Only then can
the promise of precision be delivered and the peril avoided.
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