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Aims Dilated cardiomyopathy (DCM) with arrhythmic phenotype combines phenotypical aspects of DCM and predisposi-
tion to ventricular arrhythmias, typical of arrhythmogenic cardiomyopathy. The definition of DCM with arrhythmic
phenotype is not universally accepted, leading to uncertainty in the identification of high-risk patients. This study
aimed to assess the prognostic impact of arrhythmic phenotype in risk stratification and the correlation of arrhythmic
markers with high-risk arrhythmogenic gene variants in DCM patients.
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Methods
and results

In this multicentre study, DCM patients with available genetic testing were analysed. The following arrhythmic markers,
present at baseline or within 1 year of enrolment, were tested: unexplained syncope, rapid non-sustained ventricular
tachycardia (NSVT), ≥1000 premature ventricular contractions/24 h or ≥50 ventricular couplets/24 h. LMNA, FLNC,
RBM20, and desmosomal pathogenic or likely pathogenic gene variants were considered high-risk arrhythmogenic
genes. The study endpoint was a composite of sudden cardiac death and major ventricular arrhythmias (SCD/MVA).
We studied 742 DCM patients (45± 14 years, 34% female, 410 [55%] with left ventricular ejection fraction
[LVEF] <35%). During a median follow-up of 6 years (interquartile range 1.6–12.1), unexplained syncope and NSVT
were the only arrhythmic markers associated with SCD/MVA, and the combination of the two markers carried a
significant additive risk of SCD/MVA, incremental to LVEF and New York Heart Association class. The probability of
identifying an arrhythmogenic genotype rose from 8% to 30% if both early syncope and NSVT were present.
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Conclusion In DCM patients, the combination of early detected NSVT and unexplained syncope increases the risk of
life-threatening arrhythmic outcomes and can aid the identification of carriers of malignant arrhythmogenic genotypes.
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Graphical Abstract

Dilated cardiomyopathy with arrhythmic phenotype. AR, arrhythmogenic; CI, confidence interval; CIF, cumulative incidence function; ECG,
electrocardiogram; FLNC, filamin C; LMNA, lamin; MVA, major ventricular arrhythmia; NSVT, non-sustained ventricular tachycardia; RBM20, RNA
binding motif 20; RMTL, restricted mean time lost; SCD, sudden cardiac death.
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Introduction
Dilated cardiomyopathy (DCM) is a primary heart muscle disease
characterized by impaired contraction of left or both ventricles,
representing a common cause of heart failure (HF) and one
of the leading indications for heart transplantation.1 However,
its prognosis has significantly improved during the last three
decades,2 shifting the attention to the complication of sudden
cardiac death (SCD) and ventricular arrhythmias as a preven-
tion target.3 Moreover, it has emerged that a subgroup of DCM
patients can present at onset with an arrhythmic phenotype
(AR-DCM).4,5 In addition, the recent definition of arrhythmogenic
cardiomyopathy has included a heterogeneous group of conditions
spanning from the classic right ventricular cardiomyopathy to
those predominantly involving the left ventricle (arrhythmogenic
left ventricular cardiomyopathy).6 The increasing knowledge of
genotype–phenotype correlation and different clinical presenta-
tion7 adds to the complexity of the phenotypic overlap between
these entities. However, genetic testing in the real-world presents
challenges of limited access, long turnaround times for results,
and complex results’ interpretation, thus restricting its role in the
early phases of the disease, right after diagnosis. The search for
feasible and reliable tools able to identify AR-DCM patients at high ..
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.. arrhythmic risk and with a higher probability of carrying a malig-
nant arrhythmogenic genotype represents an unmet clinical need.
Notably, in DCM, left ventricular ejection fraction (LVEF) and New
York Heart Association (NYHA) functional class are insufficient
to characterize overall arrhythmogenic risk.8–10 To address this
knowledge gap, we investigated the role of specific early and easily
accessible clinical and Holter electrocardiogram (ECG) arrhythmic
markers in predicting adverse arrhythmic outcomes and identify-
ing high-risk pathogenic/likely pathogenic (P/LP) variants among a
large, well-clinically and genetically characterized DCM population.

Methods
Study cohort
We analysed all consecutive DCM patients with available genetic testing
enrolled from 1 January 1990 to 31 December 2021 in the Famil-
ial Cardiomyopathy Registry, a multicentre (Cardiovascular Depart-
ment, University of Trieste, Italy and Cardiovascular Institute, Univer-
sity of Colorado Anschutz Medical Campus, Aurora, CO, USA) ongo-
ing project studying hereditary human cardiomyopathies, as previously
described.11 The investigation conforms with the principles outlined in
the Declaration of Helsinki. All analysed patients had available genetic
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testing and Holter ECG monitoring or telemetry data at baseline or
within 12 months of enrolment (performed systematically in our pop-
ulation) other than physical examination, ECG, and echocardiogram.
Time of enrolment was defined as the first evaluation at the two partici-
pating centres in the study. All patients were either initially diagnosed in
the two centres or referred, and had the arrhythmic screening (Holter
ECG monitoring) within 12 months of the first diagnosis. When more
than one Holter ECG monitoring was performed within 12 months of
enrolment, the first available was considered.

Clinical definition
The diagnosis of DCM was defined as the presence of LVEF <50%, with
or without left ventricular dilatation, in the absence of any known cause
of systolic impairment, including significant coronary artery disease
(>50% obstruction of any major coronary artery branch) or abnor-
mal loading conditions (history of blood pressure >160/100 mmHg,
or significant organic valve disease),12 as previously described.2 Alco-
hol intake >80–100 g/day for over 10 years, previous cardiotoxic ..
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.. chemotherapy, an advanced systemic disease affecting short-term
prognosis, congenital heart diseases, persistent supraventricular tach-
yarrhythmias, and active myocarditis were considered exclusion crite-
ria.13 Finally, patients fulfilling the phenotypic criteria for arrhythmo-
genic right ventricular cardiomyopathy, according to the 2010 Task
Force diagnostic criteria,14 were excluded from the study, as previ-
ously reported.11 In all patients, family history was extensively inves-
tigated, and three-generation pedigrees were constructed when data
were available.15 A family history of major ventricular arrhythmias
(MVA) was considered present if at least one family member (up to
third-degree) had a major arrhythmic event (see ‘Endpoint’ section for
definition) at <60 years.8

On the basis of previous reports,4 the following were considered as
markers of early arrhythmic phenotype: (i) unexplained syncope, likely
due to ventricular tachyarrhythmias according to clinical judgment;
(ii) rapid non-sustained ventricular tachycardia (NSVT), defined as ≥5
consecutive ventricular beats, lasting <30 s, with a rate ≥120/min on
24 h Holter monitoring or telemetry; (iii) ≥1000 premature ventric-
ular contractions (PVCs) in 24 h; and (iv) ≥50 ventricular couplets

Figure 1 Probability of sudden cardiac death/major ventricular arrhythmias (SCD/MVA), according to the occurrence of non-sustained
ventricular tachycardia (NSVT), unexplained syncope, ventricular couplets ≥50/24 h, and ventricular premature ventricular contractions (PVCs)
≥1000/24 h within the first year of enrolment.
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in 24 h, all occurred before or after 12 months from enrolment.
Arrhythmia could be documented at Holter ECG monitoring or
telemetry.

Genetic test analysis
Genetic testing was performed by next-generation DNA sequencing,
as previously reported.11 Gene variants were classified as P/LP accord-
ing to the American College of Medical Genetics and Genomics criteria
(ACMG).16 Only carriers (probands and affected relatives) of P/LP vari-
ants in genes with robust disease associations17,18 were considered to
be ‘genotype positive’ for the purposes of this study. Inside the cohort
of P/LP carriers, patients were separately grouped by gene or ‘func-
tional’ cluster, as previously described.7,11 LMNA, FLNC, RBM20, and
desmosomal gene (PKP2, DSP, DSG2, DSC2, JUP) variants were consid-
ered the high-risk arrhythmogenic genes.7

Endpoint
The study endpoint was a composite of SCD or MVA (SCD/MVA).
Specifically, SCD was defined as witnessed SCD with or without doc-
umented ventricular fibrillation or death within 10 h of acute symp-
toms, or nocturnal death with no antecedent history of immediate
worsening symptoms. MVA were defined as resuscitated cardiac arrest,
ventricular fibrillation, sustained ventricular tachycardia and appropri-
ate implantable cardiac defibrillator (ICD) interventions (appropriate
ICD shocks and anti-tachycardia pacing therapies). The outcome sta-
tus of the patients was obtained through an extensive evaluation of
informatics and paper information sources. Patients were censored at
the time of their first endpoint event or the last evaluation. Events
occurring from the time of enrolment were included. ..
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.. Statistical analysis

Continuous variables were expressed as mean± standard deviation or
median (interquartile range) as appropriate. Categorical variables were
expressed as percentages. Group comparisons were performed using
analysis of variance with appropriate post hoc multiple comparisons.
Probabilities of SCD/MVA, taking into account the possible competing
risks of death different from SCD, were estimated using Markov Cox
multi-state models. Specifically, the probability of SCD/MVA, condi-
tioned on the fact that subjects could either have developed an arrhyth-
mic marker in the first 12 months or not, was estimated and compared
by means of the ratio of restricted mean time lost (RMTL) due to
SCD/MVA.19,20 The RMLT corresponds to the area under the cumu-
lative incidence function up to a time horizon of 6 years (i.e. median
follow-up time), and it is an intuitive way to summarize and compare
cumulative incidence functions across groups without requiring the
assumption of proportional hazards.20 Confidence intervals (CI) were
obtained using 100 non-parametric bootstrap repetitions. Patients with
MVA at the diagnosis were excluded from the statistical analysis regard-
ing the risk of SCD/MVA. Finally, to quantify the incremental prognostic
information given by the detection of early arrhythmic markers, we
assessed a comparison between the areas under the curve (AUCs)
obtained through the time-dependent receiver operating characteristic
(ROC) curve of the multi-state model considering only clinically reliable
baseline covariates (age, sex, NYHA class, LVEF) to the one obtained
also incorporating early arrhythmic markers (NSVT and unexplained
syncope).

As an internal validation, to obtain the ROC curves the dataset was
divided into ‘train’ and ‘test’ according to the study centre. Specifically,
the centre with the largest sample size was chosen as ‘train’ (Italian
centre), the other as ‘test’ (US centre). The models were estimated
on the ‘train’ dataset and then the discrimination of the models was
assessed through the ROC curve using the ‘test’ dataset.

Table 1 Baseline characteristics of the overall population according to clinical arrhythmic markers

Overall

population

(n= 742)

No arrhythmic

markers

(n= 467)

Single arrhythmic

marker (NSVT

or syncope)

(n= 248)

Both arrhythmic

markers (NSVT

and syncope)

(n= 27)

p-value

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Age, years 45±14 44± 14 47±13 45± 11 0.01

Female sex, n (%) 250 (34) 167 (36) 72 (29) 11 (40) 0.1

Caucasian ethnicity, n (%) 684 (92) 429 (92) 228 (92) 27 (100) 0.4

Family history of MVA, n (%) 121 (16) 82 (18) 32 (13) 7 (26) 0.1

NYHA class II–IV, n (%) 453 (61) 260 (58) 177 (76) 16 (67) <0.0001

LBBB, n (%) 161 (22) 104 (22) 54 (22) 3 (11) 0.4

LVEF <35%, n (%) 410 (55) 225 (49) 168 (68) 17 (63) <0.0001

LVEF, n (%) 33±11 34± 11 29±11 31±11 <0.0001

LVEDD, mm 63±10 62± 9 66±10 65± 10 <0.0001

ACEi/ARB/ARNi, n (%) 621 (84) 375 (81) 223 (91) 23 (85) 0.002

Beta-blockers, n (%) 650 (88) 397 (86) 227 (92) 26 (96) 0.01

MRA, n (%) 295 (40) 191 (41) 94 (38) 10 (37) 0.5

ICD at baseline, n (%) 66 (9) 33 (7) 31 (12) 2 (7) 0.06

ICD implantation during follow-up, n (%) 287 (39) 138 (30) 131 (53) 18 (67) <0.0001

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; ARNi, angiotensin receptor–neprilysin inhibitor; ICD, implantable cardiac defibrillator;
LBBB, left bundle branch block; LVEF, left ventricular ejection fraction; LVEDD, left ventricular end-diastolic diameter; MRA, mineralocorticoid receptor antagonist; MVA,
major ventricular arrhythmia; NSVT, non-sustained ventricular tachycardia; NYHA, New York Heart Association.
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Statistical analyses were performed using packages R version 4.1.3
(packages ‘survival’, ‘mstate’, ‘ggplot2’, ‘timeROC’). A p-value <0.05
was considered statistically significant.

Results
Study cohort and genetics
Of the 781 patients potentially eligible, nine genotype-positive
patients without criteria for DCM (i.e. LVEF >50%) and 30 patients
with missing information on Holter ECG or telemetry monitor-
ing data within 12 months of enrolment were excluded. Finally,
a cohort of 742 DCM patients were enrolled, 195 (26%) from
the Cardiovascular Department of Denver and 547 (74%) from
the Cardiovascular Department of Trieste (online supplementary
Figure S1). Mean age was 45± 14 years, 250 (34%) were female, and
410 (55%) patients had LVEF <35%. A total of 289 disease-related

Figure 2 Probability of sudden cardiac death/major ventric-
ular arrhythmias (SCD/MVA), based on the occurrence of
early arrhythmic markers (non-sustained ventricular tachycardia
[NSVT] and/or unexplained syncope—upper panel) and the fam-
ily history of MVA (bottom panel). Curves show the graded risk
of SCD/MVA, also considering when family history of MVA is or is
not present: group 0 (none arrhythmic markers, neither early syn-
cope nor NSVT—green curve), group 1 (one arrhythmic marker,
early syncope or NSVT—yellow curve), group 2 (two arrhythmic
markers, both early syncope and NSVT—red curve). CIF, cumu-
lative incidence function.
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.. variants (39%) were identified from 671 families, while the remain-

ing 453 patients tested negative (n= 233, 31%) or classified as
variants of uncertain significance (n= 220, 30%). The majority of
carriers (121 out of 289, 42%) showed a titin gene truncating vari-
ant, and 88 (30%) showed an arrhythmogenic genotype (39 LMNA,
31 FLNC, 1 PKP2, 13 DSP, 4 RBM20). The remaining gene clusters
included 16 (6%) structural cytoskeleton Z-disk gene carriers, 47
(16%) sarcomeric gene carriers, and 17 (6%) with ‘other genes’, 7
of them variants of SCN5A.

Prognostic relevance of early arrhythmic
markers
Over a median follow-up of 6 years (interquartile range 1.6–12.1),
180 (24%) patients experienced the study endpoint (15 [2%] SCD,
and 165 [22%] MVA). The mean probability of SCD/MVA was 22%
(95% CI 18–26%) at 10 years.

A total of 226 (31%) patients had NSVT, 76 (10%) unexplained
syncope, 103 (14%) > ventricular couplets/24 h, and 260 (35%)
>1000 PVCs/24 h at baseline evaluation or within the first year
of enrolment. In the time-to-event analysis, patients with unex-
plained syncope had a RMTL due to the endpoint 2.44 times
higher than patients without unexplained syncope (RMTL ratio:
2.44 [1.83–3.17]), and patients with NSVT 1.31 times higher
than patients without early NSVT (RMTL ratio: 1.31 [1.03–1.58])
(Figure 1, online supplementary Table S1). No other early arrhyth-
mic markers emerged as associated with the study endpoint. A
total of 467 out of 742 patients (63%) did not show unexplained
syncope or NSVT, 248 (33%) had a single arrhythmic marker (i.e.
unexplained syncope [n= 49] or NSVT [n= 199]) and 27 (4%)
presented both arrhythmic markers (i.e. unexplained syncope and
NSVT) (Table 1). Interestingly, patients with at least one arrhyth-
mic marker had worse baseline LVEF and higher left ventricular
size. The prevalence of family history of MVA was similar between
groups (p= 0.1).

The probability of SCD/MVA at 6 years progressively increased
from 12% in patients without early unexplained syncope nor NSVT
to 35% in patients with both arrhythmic markers. The excess in
risk was prominent within the first 2 years of follow-up and then
persisted during the long term (Figure 2, upper panel). Of note,
the coexistence of a positive family history of MVA significantly
increased the strength of the association of early syncope and
NSVT with the risk of SCD/MVA (Figure 2, bottom panel, Graphical
Abstract).

When early NSVT and unexplained syncope were added to a
model considering only age, sex, NYHA class and LVEF, an increase
in AUC from 0.75 to 0.86 (95% CI for the increase in the AUC of
the second model: 0.002–0.39) was obtained.

At sensitivity analyses, the probability of SCD/MVA in patients
with early syncope and NSVT was confirmed to be higher in both
subgroups of patients presenting with or without a family history
of MVA (online supplementary Table S2A, Figure S2A,B). Further-
more, unexplained syncope and NSVT were confirmed to increase
the probability of SCD/MVA only in the male population (online
supplementary Table S2B, Figure S2C,D). Finally, a total of 308
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patients (42%) had an available cardiac magnetic resonance (CMR).
NSVT and unexplained syncope were confirmed as predictors of
SCD/MVA in the CMR subgroup (RMTL ratio: 1.89 [1.33–2.54])
and in patients with late gadolinium enhancement on CMR (RMTL
ratio: 1.85 [1.24–2.89]).

The models were internally validated in the US sub-cohort
(‘test’), after fitting them onto the Italian centre (‘train’).

Arrhythmogenic genotypes
In our cohort, the rate of arrhythmogenic genotypes significantly
increased from 8% in DCM patients without arrhythmic markers to
16% in those with at least one between early syncope and NSVT, up
to 30% in DCM patients with both (Figure 3, Graphical Abstract). In
the small percentage of patients with two arrhythmic markers and
a family history of MVA (n= 7, 1%), the rate of arrhythmogenic
genotypes rose up to 57%. Results were consistent when each
centre was considered separately (online supplementary Figure S3).

The role of evaluating early NSVT, unexplained syncope and
family history of MVA in the identification of high-risk DCM
patients carrying an arrhythmogenic genotype (i.e. LMNA, FLNC,
RBM20, and desmosomal genes) is presented in Figure 4.

Discussion
Main findings
The lack of survival benefit from primary prevention ICD implan-
tation in non-ischaemic systolic HF patients, shown in the DANISH ..
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.. trial,21 raises the need for improving the arrhythmic stratification
of patients with DCM. Despite the impact of arrhythmic stratifi-
cation recently provided by genetic testing and CMR,3 the avail-
ability of early, accessible, and reproducible markers of arrhythmic
risk, useful for a first-line risk assessment, remains an unmet clin-
ical need. In the present study, in a large clinically and genetically
well-characterized DCM cohort, followed for 6 years, we (i) iden-
tified two arrhythmic markers, NSVT and unexplained syncope,
holding value for SCD/MVA prediction when assessed at baseline
or within the first year of enrolment, particularly when a family his-
tory of MVA coexisted; and (ii) demonstrated that the same mark-
ers are also highly prevalent in carriers of arrhythmogenic geno-
types (i.e. LMNA, FLNC, RBM20, and desmosomal genes). Those
findings hold relevant clinical impact in managing the early phases
of DCM and re-addressing arrhythmic stratification to specific
high-risk patients: in patients with early NSVT and syncope, regard-
less of the LVEF and NYHA class, lower thresholds for genetic
testing and other second- or third-line arrhythmic risk stratification
(i.e. CMR, loop recorder) might be promptly proposed.

Our results highlight the overlap between arrhythmogenic car-
diomyopathy and DCM, definitely leading to a paradigm shift in
DCM: from a disease mainly characterized by HF to a more com-
plex condition, where both HF and arrhythmias may dominate
the clinical picture in a continuum of disease. Indeed, early NSVT
and/or syncope were associated with higher left ventricular size
and lower LVEF at enrolment (Table 1). Interestingly, the time of
detecting arrhythmic markers is pivotal: they should be promptly

Figure 3 Efficacy of arrhythmic markers in identifying arrhythmogenic (AR) genotypes. FLNC, filamin C; LMNA, lamin; NSVT, non-sustained
ventricular tachycardia; RBM20, RNA binding motif 20; TTNtv, titin-truncating variant; cytoskeleton, structural cytoskeleton Z-disk variant.
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Figure 4 Visual representation of the role of early arrhythmic phenotype (non-sustained ventricular tachycardia [NSVT] and unexplained
syncope within the first year of enrolment) and family history of major ventricular arrhythmias (MVA) in identifying arrhythmogenic genotypes.
The width of the flows and height of the nodes are directly proportional to the number of patients they represent. FLNC, filamin C; LMNA,
lamin; RBM20, RNA binding motif 20; TTNtv, titin-truncating variant; cytoskeleton, structural cytoskeleton Z-disk variant.

searched during the initial phases of the disease, in order to further
address the deeper assessment of the risk of SCD.

The impact of non-sustained ventricular
tachycardia and unexplained syncope
By examining each arrhythmic marker, frequent PVCs (≥1000/24 h)
and ventricular couplets (≥50/24 h) were not associated with
SCD/MVA also in previous series. The prognostic role of PVCs
and ventricular couplets is still unclear, and conflicting data have
been previously published.22 Indeed, it may be challenging to
establish whether PVCs are the direct consequence of left ven-
tricular systolic dysfunction (PVC-induced cardiomyopathy),23 an
arrhythmic manifestation in patients with structural cardiomyopa-
thy, or an innocent by-stander. The presence of frequent PCVs
and couplets should not generally dictate alone the choice of ICD
in primary prevention. However, not only the burden but also a
better characterization of PVCs, particularly their morphology
and axis (i.e. right bundle branch block superior axis)24 and when ..
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.. associated with corresponding myocardial fibrosis at CMR, may

help in identifying patients who should be considered for ICD
implantation. On the contrary, NSVT and unexplained syncope in
the first phases of the disease were demonstrated to be accurate
in identifying the highest-risk patients with AR-DCM, incremental
to age, sex, and conventional markers of arrhythmic risk (i.e.
LVEF and NYHA class), with an additive value of the combination
of the two markers.25,26 Remarkably, early unexplained syncope
has been recognized as a risk factor for SCD/MVA also for
other cardiomyopathies, such as arrhythmogenic right ventricular
cardiomyopathy14 and hypertrophic cardiomyopathy,27 confirming
the importance of an accurate clinical evaluation. The lack of
SCD/MVA stratification in women agreed with previous findings,28

highlighting how the arrhythmic profile in women is more chal-
lenging to define. The reasons beyond this sex-related difference
in the results are currently unknown and deserve more attention
in future studies. However, a role of sex hormones has been
postulated, besides the fact that it may reflect a less prevalent and
thus less represented female population. Finally, in this study, we
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have endorsed the additive role of the family history of MVA to
arrhythmic phenotype in the risk stratification of DCM patients for
SCD/MVA. A systematic, early and careful clinical history, including
a family history of at least three generations, as recommended
by current guidelines,3,12 is a crucial step not only for diagnostic
purposes but also for the further management of DCM patients.

Arrhythmogenic genotype
Another key finding of the present study is that early detection of
NSVT and unexplained syncope was associated with a higher preva-
lence (i.e. 30%) of arrhythmogenic genotypes, namely LMNA, FLNC,
RBM20, and desmosomal genes. According to the recent guide-
lines,3,12,29 recognition of some malignant genotypes is essential
because it may lead to different therapeutic approaches (specifi-
cally early primary prevention ICD implantation in patients with
LVEF >35%). Again, those arrhythmic markers were useful tools in
order to address genetic testing in familial and sporadic forms of
DCM. Emerging data suggest that other genes (e.g. titin-truncating
variants) are prone to MVA also in the early phase of the disease30;
future multicentre studies are needed to consolidate knowledge on
other arrhythmogenic genotypes and better refine their prognostic
implication.

Study limitations
This study has some limitations. First, although based on patients
prospectively enrolled in our registry, it carries the intrinsic limits of
retrospective studies. Second, the enrolment has been conducted
in two tertiary referral centres for cardiomyopathy, leading to a
potential selection and referral bias. Third, a threshold of 120 bpm
for NSVT (instead of 150 bpm, as previous used4) was chosen
before analysing the data, to harmonize the study with current
clinical practice in the participating centres and to improve sen-
sibility of the marker at the expense of specificity. Future studies
focused on the identification of the most effective threshold of
NSVT are needed. Furthermore, during the prolonged follow-up of
the study, HF therapy has considerably improved; therefore, there
might be interactions between the time of the first evaluation and
the endpoint. Finally, P/LP variants in PLN gene could be under-
estimated because they have not been systematically tested in the
DCM cohort since 2019. Although an internal validation confirmed
the results, to generalize the present data, the findings need to be
confirmed in a large external multicentre cohort comprehensively
studied. Classification of cardiomyopathies is constantly evolving,
as shown by the recent European Society of Cardiology guide-
lines,12 which have included the new concept of non-dilated left
ventricular cardiomyopathy, not specifically analysed in this study.
This category deserves future studies for assessing its epidemiol-
ogy, outcomes, and therapeutic management.

Conclusions
The presence of single or both arrhythmic phenotypes, namely
NSVT and unexplained syncope within 1 year of enrolment, can sig-
nificantly improve the arrhythmic prognostic stratification of DCM ..
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.. patients and increase the likelihood of malignant arrhythmogenic
genotypes, mostly in the presence of a family history of MVA.
Consequently, a comprehensive clinical evaluation by systematic
Holter ECG monitoring and family data might represent a useful,
easily-accessible, first-line strategy for the initial arrhythmic risk
assessment in DCM patients when genetics and CMR are not sys-
tematically available.

Supplementary Information
Additional supporting information may be found online in the
Supporting Information section at the end of the article.
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