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Abstract The complex nature of familial cardiomyopa-
thies is incompletely understood. The effective manage-
ment of patients and their relatives therefore requires a
multidisciplinary approach involving a specialist genetic
counselling service. Genetic testing is clinically available,
and our knowledge in this area continues to grow with
developments in new technologies. Many of the genes
associated are not specific to a particular type of cardio-
myopathy, and recent data suggests that some patients may
have more than one mutation or variant contributing to
disease. Developments in next generation sequencing have
enabled us to accurately and efficiently sequence these
areas of interest, but the current capacity to analyse and
interpret this data (bioinformatics) remains a major limi-
tation. Genetic guided therapies have the potential to rev-
olutionise our management of affected patients in the
future but this is far from being a clinical reality at the
current time.
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Introduction

Cardiomyopathies are a heterogeneous group of diseases of
the myocardium associated with ventricular and atrial
arrhythmias, cardiac failure, stroke and sudden death [1].
The first causative genes were identified in 1990 [2, 3] and
were found to be associated with hypertrophic cardiomy-
opathy (HCM) which is the most common form, with an
estimated prevalence of 1 in 500 in Europe. It is charac-
terised by unexplained cardiac hypertrophy accompanied
by myocyte disarray and myocardial fibrosis. Arrhythmo-
genic right ventricular cardiomyopathy (ARVC) and
familial idiopathic dilated cardiomyopathy (DCM) are less
common. Patients with ARVC may have relatively pre-
served cardiac morphology with a propensity towards
ventricular arrhythmias, or have progressive disease char-
acterised by myocyte loss, inflammation and fibrofatty
deposition that predominates in the right ventricle, but may
also involve the left ventricle. DCM on the other hand, is
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characterised by systolic dysfunction and left ventricular
dilatation. Other rarer inherited forms include left ven-
tricular non-compaction cardiomyopathy (LVNC) and
restrictive cardiomyopathy (RCM). Collectively, heritable
cardiomyopathies affect about 1 in 390 people [1], but this
may be an underestimate of the true prevalence, given the
incomplete or age-related penetrance of disease and lack of
symptoms amongst most carriers.

Most identified mutations associated with cardiomyop-
athy are inherited in an autosomal dominant manner. The
exceptions include rare autosomal recessive and X-linked
disease, as well as maternally inherited mitochondrial
cardiomyopathy, which is usually associated with multi-
system disease and presents in infancy. Table 1 provides an
overview of the genes that have been shown to be associ-
ated with the three most prevalent inherited cardiomyop-
athies. There is huge genetic heterogeneity and genetic
overlap in these conditions. For example, mutations in the
myosin heavy chains, myosin-binding protein C, cardiac
troponins and calcium handling protein genes are associ-
ated with more than one type of cardiomyopathy. DCM in
particular, has been associated with a large number dif-
ferent genes [8]. Moreover, within the individual genes,
multiple mutations and variants have been described and
novel mutations private to individual families continue to
be identified. Translating this vast and complex science
into clinical practice has been challenging. Despite the
large number of genes known to be associated with car-
diomyopathy, a clear genetic cause has only been identified
in up to 65 % of familial HCM cases, and this figure is
even lower for ARVC and DCM, being quoted as 50 % and
30-35 % respectively [9].

Current Utility of Gene Testing in Cardiomyopathies

The Heart Rhythm Society/European Heart Association
(HRS/EHRA) international consensus statement published
in 2011 [10e] summarises the current evidence and expert
opinion on the utility of genetic testing for heritable
cardiomyopathies and the potential diagnostic, prognostic
and therapeutic impact of a genetic test result in such
circumstances. As with any test, it is recommended that
treatment decisions should not solely rely on a patient’s
genetic test result, but should be based on an individual’s
comprehensive clinical evaluation. They identify a sub-
stantial knowledge gradient among cardiologists regarding
inherited cardiomyopathies, highlighting the importance
of managing affected patients and families at specialist
centres equipped with the expertise and facilities to pro-
vide counselling, carry out genetic evaluation, and
effectively manage affected patients and family members
[10se].
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It is currently not possible to completely exclude
familial cardiomyopathy by genetic testing alone, unless a
specific disease-causing mutation has been identified in
another member of the family. In the case of HCM, com-
prehensive or targeted (MYBPC3, MYH7, TNNI3, TNNT2,
TPM]) testing is recommended in the proband if there is a
firm diagnosis of HCM, followed by cascade genetic
screening of the identified mutation in the family [10ee].
Evidence supports starting clinical and genetic screening of
first-degree relatives of patients affected with HCM from
10 years of age onwards, and including such relatives in
screening until at least the age of 60 years. It has been
suggested that screening of more distant relatives is most
effective in the early adolescent and teenage years [11¢].
This strategy may also be cost-effective in the long term by
focusing clinical resources [12, 13¢].

In the case of ARVC, the HRS/EHRA consensus panel
advises that comprehensive or targeted testing for DSC2,
DSG2, DSP, JUP, PKP2, and TMEM43 mutations can be
useful for patients with a clear diagnosis of ARVC that
satisfies the 2010 taskforce criteria [10e, 14]. It is unlikely
to be helpful however, if the diagnosis is borderline.
Mutation-specific genetic testing is then recommended for
family members following identification of a causative
mutation in the proband. The guidelines are similar for
DCM, LVNC and RCM except that even less is known
about the genes causative of RCM, and genetic testing may
be considered for patients with a high suspicion of disease
but is likely to be less useful. Nonetheless, cascade testing
in the family is still recommended if a causative gene is
found in the proband.

Mutation-specific genetic testing amongst members of
families with a positive cardiomyopathy gene test may
have diagnostic and therefore management implications.
Clinicians need to beware of potential age-related pene-
trance in asymptomatic or clinically unaffected mutation
carriers who therefore require follow-up. However,
asymptomatic mutation negative relatives can potentially
be discharged from follow up. It should also be noted that
at present there is limited prognostic role of genetic
testing except for the increased risk of sudden cardiac
death in lamin A/C and desmosome-mediated DCM
[10se].

Genetic tests are probabilistic rather than deterministic,
and as highlighted above, the yield from genetic testing is
far from perfect in the current context. It is therefore rec-
ommended that physicians managing a patient with geno-
type-negative disease liaise with specialist genetic research
laboratories to identify novel, potentially disease-causing
mutations [10e, 15]. As more novel genes are added to the
available genetic test panels, more mutations and variants
will be identified, but the test specificity will inevitably
decrease until more is understood about disease causation.
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Table 1 Genes associated with the three most common inherited cardiomyopathies
Subtype Gene Locus Inheritance Encoded protein Associated
cardiomyopathies
Sarcomeric TTN 2q31 AD/AR Titin HCM
DCM (25 %)
MYH7 14ql1.2-q12 AD B-Myosin heavy chain HCM (3040 %)
DCM (4-6 %)
MYH6 14q11.2-q12 AD a-Myosin heavy chain HCM,
DCM (2-5 %)
MYL2 12q23-q24.3 AD Cardiac myosin light chain 2 HCM (<5 %)
MYL3 3p21.2-p21.3 AD Essential myosin light chain 3 HCM
MYBPC3 11pl1.2 AD Cardiac myosin-binding protein C HCM (3040 %)
DCM (2-3 %)
TNNT2 1932 AD Cardiac troponin T HCM (5 %)
DCM (3 %)
TNNI3 19q13.4 AD/AR Cardiac troponin I HCM (5 %),
DCM
TPM1 15q22.1 AD a-Tropomyosin 1 HCM (1-2 %)
DCM
ACTC 15q14 AD a-Cardiac actin HCM
DCM
NEXN 1p31.1 AD Nexilin (F actin binding protein) DCM
TNNCI 3p21.3 - pl4.3 AD Cardiac troponin C HCM
DCM
Z-disc LBD3 10q22.2-q23.3 AD LIM binding domain 3 HCM
VCL 10g22.1-q23 AD Vinculin/metavinculin HCM
CSRP3 11pl5.1 AD Cysteine- and glycine-rich protein HCM
3; muscle LIM protein DCM
TCAP 17q12-q21.1 AD Titin cap; telethonin HCM
DCM
ACTN2 1g42-q43 AD a-Actinin 2 HCM
DCM
MYOZz2 4q26-q27 AD Myozenin 2 HCM
ANKRD1 10q23.31 AD Ankyrin repeat domain-containing HCM
protein 1 DCM (2 %)
MYPN 10q21.3 AD Myopalladin HCM
DCM (34 %)
Cytoskeletal CRYAB 11q22.3-q23.1 AD aB crystallin HCM
DMD Xp21.2 XL Dystrophin DCM
DES 2q35 AD Desmin DCM
PDLIM3 4q35 AD PDZ LIM domain protein 3 DCM
MTTLI mtDNA Maternal tRNAM-UOR HCM
CRYAB 11q22.3-q23.1 AD aB crystallin DCM
FKRP 19q13.32 AR Fukutin related protein DCM
LAMA4 6q21 AD Laminin a4 DCM (1-2 %)
FKTN 9q31-q33 XR Fukutin DCM
FXN/IFRDA 9q13 AR Frataxin HCM
MTATP6 mtDNA Maternal ATP synthase 6 HCM
MTNDI mtDNA Maternal NADH dehydrogenase, subunit 1 HCM
Membrane SGCD 5q33-34 AD &-sarcoglycan DCM
HFE 6p21.3 AR Human haemochromatosis protein DCM
TMEM43 3p25 AD Transmembrane protein 43 ARVC
CAV3 3p25 AD Caveolin 3 HCM
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Table 1 continued

Subtype Gene Locus Inheritance Encoded protein Associated
cardiomyopathies
Lysosomal LAMP2 Xq24 XL Lysosome-associated membrane HCM
protein 2
Calcium handling proteins RyR2 1q42.1-q43 AD Cardiac ryanodine receptor ARVC
JPH2 20q12 AD Junctophilin-2 HCM
PLN 6q22.1 AD Phospholamban HCM
DCM
PSENI/2 14q24.3/1q31-q42 AD Presenilin 1/2 DCM
CALR3 19p13.12 AD Calreticulin 3 HCM
Cellular enzymes GLA Xq22 XL a-Galactosidase A HCM
PRKAG2 7q35-q36.36 AD AMP-activated protein kinase Y 2 HCM
PTPNII1/RAFI 12q24.1/3p25 AD Tyrosine-protein phosphatase HCM
non-receptor type 11/RAF
proto-oncogene serine/threonine-
protein kinase
MYLK?2 20q13.3 AD Myosin light chain kinase 2 HCM
Desmosomal DSP 6p24 AR Desmoplakin DCM
ARVC (6-16 %)
FHLI Xq26 XL Four and a half LIM domains 1 HCM
FHL2 2ql2.2 AD Four and a half LIM domains 2 DCM
JUP 17q21 AR Junction plakoglobin ARVC
PKP2 12pl11 AD/AR Plakophilin 2 ARVC (1143 %)
DSG2 18q12 AD Desmoglein 2 ARVC (1240 %)
DSC2 18q12 AD Desmocollin 2 ARVC
NEXN 1p31.1 AD Nexilin DCM
Mitochondrial TAZIG4.5 Xq28 XL Tafazzin DCM
MTTY mtDNA Maternal tRNATY" DCM
Variable (e.g. MTNDS5/ mtDNA multigene De novo NADH dehydrogenase subunit 5, DCM
MTND4/MTND3/MTCD3/ deletions 4 and 3; cytochrome c oxidase
MTATP6/MTATPS) subunit 3
SDHA 5p15.33 AR Flavoprotein DCM
RNA binding RBM20 10q25.2 AD RNA-binding protein 20 DCM (1-2 %)
Transcription factors EYA4 6q23 AD Eyes-absent 4 DCM
Nuclear LMNA 1g21.2 AD/AR Lamin A/C DCM (4-8 %)
ARVC
TMPO 1222 AD Thymopoietin DCM (1-2 %)
GATADI 7q21-q22 AR GATA zinc finger domain- DCM
containing protein 1
Endoplasmic reticulum DOLK 9q34.11 AR Dolichol kinase DCM
Cell proliferation TGFB3 14q24 AD Transforming growth factor B 3 ARVC
ITon channels ABCC9 12p12.1 AD Sulfonylurea receptor 2A DCM
SCN5A 3p21 AD Cardiac sodium channel DCM (2-3 %)

Estimated prevalence is given where this is known and the estimate is greater than 1 %. The remainder represent rare associations or instances where the prevalence
is yet to be determined. The genes most frequently implicated in inherited cardiomyopathies and currently tested for routinely are highlighted in bold. Many of the
genes listed cause multisystem disease in addition to cardiomyopathy [4-7]

HCM hypertrophic cardiomyopathy, DCM dilated cardiomyopathy, ARVC arrhythmogenic right ventricular cardiomyopathy, AD autosomal dominant, AR auto-

somal recessive, XL X-linked

Appropriate counselling and a multidisciplinary approach
involving geneticists and/or a genetic counselling service
are vital to prepare patients and family members ade-
quately before, during and after the screening process. The
psychological, economic and social impact of genetic
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diagnosis in asymptomatic mutation carriers should also
be carefully considered. For example, making a genetic
diagnosis in an asymptomatic athlete with a family history
of cardiomyopathy may have major implications on their
career [16, 17].
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As our understanding of the genetics of inherited car-
diomyopathies improves, there will be greater utilisation of
pre-implantation genetic testing in at-risk families in the
context of assisted reproduction. It is important to consider
the potential role of such testing in the clinical setting and
the practical, ethical, social and cultural issues thus raised.
Some centres already offer pre-implantation genetic diag-
nosis for cardiomyopathies based on our existing knowl-
edge of causative mutations, and this area is likely to
expand in the future. As with all genetic testing, specialist
facilities for pre- and post-test genetic counselling includ-
ing discussion of the limits in our knowledge of these
conditions, risks of testing, benefits and options available
should be an integral part of management [10ee, 18].

Recent Developments in Diagnostics and Gene
Discovery

Newer next-generation sequencing (NGS) methods have
resulted in rapid advances in our understanding of the
heritable cardiomyopathies and their complex genetic
associations.

Targeted sequencing of the exome (the protein coding
region of the genome) is currently being used in diagnos-
tics. However many of the causative or associated genes in
familial cardiomyopathies are yet to be identified, espe-
cially in DCM. Using targeted sequencing therefore redu-
ces the diagnostic yield. Although cardiomyopathy panels
with genes known to have causative association are being
developed for clinical use, these may become outdated as
newer genes are discovered [9]. ‘Crossover phenotypes’
add to the complexity of genetic diagnosis because many of
the genes responsible for inherited cardiomyopathies are
not specific to a particular phenotype. For example, des-
mosomal protein gene mutations have been more typically
associated with ARVC, but only 30-50 % of patients with
ARVC have mutations in these genes [19]. Interpretation of
desmosomal mutations is complicated by their presence in
patients with a diagnosis idiopathic DCM and also by the
high prevalence of variants of these genes in the general
population [20e, 21].

In 2011, Meder and colleagues presented an approach to
carry out comprehensive genetic screening in patients with
hereditary DCM or HCM in a fast and cost-efficient
manner using high-throughput mutation screening with
microarray-based target enrichment followed by a next-
generation sequencing platform (SOLiD™ NGS) [22¢].
This enabled accurate detection of sequence variants and
mutations in multiple genetic loci of interest in a time- and
cost-efficient manner. Although the costs of NGS are still
substantial in terms of investment in equipment, the cost
per base is markedly lower than for traditional ‘Sanger’

sequencing. Moreover, use of parallel technology as in
SOLiD™ NGS reduces manual handling time and can cost
substantially less than Sanger sequencing alone with results
available within 2 weeks. Proving disease causality is,
however, key to clinical genetic diagnostics. An initial
approach is the comparison of detected variants against
databases of gene mutations that have already been shown
to be causative [22¢]. This, however, relies on the strin-
gency of previous reports and limits interpretation of novel
mutations. Further evaluation of the mutation can be
achieved by cosegregation of phenotype with genotype in a
family provided the pedigree is sufficiently large and
accessible [23]. Integration with data from in silico tools
and functional studies will be vital in many cases.

One example of the potential success of new technolo-
gies is TTN, the largest gene in the genome and a known
cause of DCM. TTN encodes the sarcomeric protein titin
and large truncating mutations have been observed recently
in approximately 25 % of cases of familial DCM probands
making it the most important single source of genetic
variation in the condition [24¢]. Due to the size of the gene,
these could only be detected practically using NGS tech-
nologies. Although the functional role of titin in the car-
diomyocyte are known, the effects of TTN truncating
mutations on the exact pathophysiology of DCM have yet
to be defined. To complicate matters further, titin mutations
have also recently been associated with ARVC [25]. Much
work therefore remains to analyse and validate these
exciting genetic data before they can be applied clinically.

One approach to discovery of new genes involved in
disease is whole exome or genome sequencing (WGS)
using NGS. This has the advantage of sequencing all rel-
evant genetic variation but at the expense of generating
massive datasets that require extensive input from bioin-
formaticians for analysis. For example, a missense muta-
tion in MRPL3, which encodes a large mitochondrial
ribosomal protein, was recently identified in a family with
HCM using exome sequencing [26]. In this study, the
mutation was shown to alter the stability of MRPL3 and
was associated with defective assembly of the ribosomal
subunit. In another study, a homozygous missense mutation
in AARS2, which was later shown to encode mitochondrial
alanyl-tRNA synthetase (mtAlaRS), was identified through
exome sequencing in early infantile DCM [27]. These
cases highlight the potential clinical utility of exome
sequencing and similar studies on non-mitochondrial genes
are crucial to novel gene discovery.

Genome-wide association studies utilising a single
nucleotide polymorphism (SNP) array have identified copy
number variants associated with sporadic cardiomyopathies.
This method associated DCM with the heat shock protein
cochaperone BCL2-associated athanogene 3 (BAG3). Sub-
sequent exome sequencing enabled identification of
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mutations and variants in familial cases that segregated with
disease [28, 29]. Genome-wide mapping involving linkage
analysis and exome sequencing has also been used to identify
GATADI as a gene associated with autosomal recessive
DCM [30].

A study that used multiplex ligation-depended probe
amplification analysis to characterise pathogenic PKP2
mutations underlying ARVC has raised a note of caution
about the role of NGS [31¢]. This successfully identified
large deletions in PKP2, which may have otherwise been
missed by NGS and illustrated a potential limitation of the
technology.

The Need for Functional Characterisation

Increasing feasibility, efficiency and reducing costs of NGS
technologies will result in more comprehensive sequencing
of genes in affected patients. This will lead inevitably to
the identification of numerous genetic variants of uncertain
significance, as well as novel genetic loci. It will be hard to
justify the use of this expanding knowledge base in clinical
practice without robust data on genotype—phenotype cor-
relation or functional assays. It is therefore crucially
important to determine the extent of natural genetic vari-
ation and to distinguish ‘background noise’, particularly on
a population and ethnicity basis, to define how much is
disease-associated and therefore disease-modifying and/or
disease-causative. For example, a study of general popu-
lation exome data from the National Heart, Lung, and
Blood Institute’s Exome Sequencing Project has demon-
strated that previously disease-associated mutations in the
HCM genes were present in a higher frequency than
expected for a purely monogenic disease model [32].
More research and investment is needed in the devel-
opment of efficient, cost-effective functional assays to
answer these questions and to determine the significance of
the newer variants being discovered. Zebrafish knockouts
would be one potentially useful model for high throughput
work for further assessing these areas of interest, but the
obvious limitations include the physiological differences
between the zebrafish models and the human heart [33].
Zebrafish models have, however, been used to demonstrate
the role of BAG3 mutations in DCM [28]. Another alter-
native is to use mouse models [34, 35]. A recent functional
study in mice demonstrated that certain mutations in MYPN
may result in disturbed myofibrillogenesis or disrupted
intercalated discs leading to various forms of cardiomy-
opathy, including HCM and RCM [35]. Another transgenic
mouse model has been used to demonstrate the role of
microRNAs in regulating post-transcriptional gene
expression in early and end-stage HCM [36]. Such studies
are important in providing functional evidence for the
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pathophysiological mechanisms of disease, but are much
more expensive and less feasible for high throughput work
than the zebrafish models.

In silico models backed up by in vitro and in vivo data
may be used to obtain further data on the functional effects
of the mutations and variants of interest but their reliability
has been unclear [37]. Novel computational methods have
been developed that may potentially contribute to the
classification and aid in the analysis of the predictive
function of these variants in HCM in particular [38].

Currently, however, the speed at which NGS can iden-
tify variants of uncertain significance is far greater than the
speed at which functional assays can be used to determine
variant pathogenicity. A recent study evaluated the extent
of genetic variation amongst the ARVC susceptibility
genes PKP2 (plakophilin), DSP (desmoplakin), DSG2
(desmoglein 2), DSC2 (desmocollin 2) and TMEMA43
(transmembrane protein 43) in a sample of over 200
healthy subjects from the general population [39¢]. It was
concluded that whilst mutations causing severe impact on
protein structure (so-called radical mutations) are associ-
ated with a high probability of developing ARVC, mis-
sense mutations were common and should be interpreted
with caution in the context of race, ethnicity, location of
the mutation and sequence conservation across species.

Developments in Genotype Phenotype Correlation

Caution must be exercised when interpreting small cohort
studies with regard to genotype—phenotype correlation. For
example, studies have suggested that mutations in the
cardiac myosin binding protein-C (MYBPC3) may only
cause late-onset benign HCM. A subsequent analysis on a
large series of families with HCM and underlying MYBPC3
mutations showed that there is marked heterogeneity in
disease expression with incomplete age-related and gender-
specific penetrance [40]. Hence, caution must be exercised
when carrying out cascade screening and risk assessment in
family members of affected probands based on the current
level of evidence on known mutations and our limited
knowledge on newer mutations. Data from another obser-
vational study indicates that the presence of more than one
sarcomeric mutation (known as compound heterozygosity
or polygenic disease) may confer a predisposition to
adverse disease progression in affected patients [41°].
These data support a polygenic inheritance in some forms
of cardiomyopathy. Compound heterozygosity and po-
lygenicity has also been demonstrated in ARVC [42, 43].
Quarta et al. found that relatives harbouring more than one
genetic variant had a significantly increased risk of devel-
oping ARVC, an important factor when interpreting the
variable expression of disease within families. This study
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also highlighted that penetrance may be definition-depen-
dent, being greater with the 2010 task force criteria com-
pared to the 1994 criteria in the case of ARVC [44].

Some mutations have been found to confer a higher
susceptibility to malignant arrhythmias. Lamin A/C
(LMNA) mutations have classically been associated with
DCM and have an important role in risk stratifying those
DCM patients who are at high risk of malignant ventricular
arrhythmias [45]. A recent study by Quarta et al. [46¢] also
found lamin A/C mutations in severe forms of ARVC. It
was recommended by the investigators that lamin A/C
should be added to a desmosomal gene panel when
genetically testing for suspected ARVC. Similar observa-
tions have been made with phospholamban mutations,
which are implicated in both DCM and ARVC. A recent
study showed that PLN RI4del+ patients diagnosed with
DCM were more prone to an arrhythmogenic phonotype
[47]. This supports the concept of ‘arrhythmogenic car-
diomyopathy’ with a common underlying mutation in the
Phospholamban gene amongst patients traditionally diag-
nosed as DCM or ARVC. Plakophilin 2 (PKP2) mutations,
which have previously been associated with ARVC, too
have recently been demonstrated in post mortem cardiac
tissue sample in cases of sudden death with negative
autopsy [48]. These data suggest an association between
genetic variation in desmosomal genes and fatal arrhyth-
mias without histopathological evidence of disease at
autopsy.

Therapeutic Implications of Genetic Testing

The current therapeutic utility of genetic testing is limited
to identification of mutations that may be associated with a
high rate of ventricular arrhythmias or sudden cardiac
death, and hence as a risk stratification tool to aid decision
making about prophylactic ICD (implantable cardioverter
defibrillator) therapy in affected patients. As described
above, DCM patients with LMNA mutations have a higher
propensity to develop prominent cardiac conduction sys-
tem disease and pre-emptive use of ICD therapy has been
advocated prior to the occurrence of significant symptoms
[5].

It is hoped that developments in our knowledge of this
area may enable genetically directed prophylactic phar-
macotherapy in the future. In a minority of patients who
have cardiomyopathy as part of a more global multisys-
tem disease such as Fabry disease, genetic test results
already have direct therapeutic implications in terms of
enzyme replacement [10¢]. In mutations of the X-linked
lysosome-associated membrane protein gene, LAMP2,
early molecular diagnosis and timely cardiac transplan-
tation has been shown to be associated with better clinical

outcome [49]. The immunosuppressant rapamycin (sirol-
imus) has been suggested as a potential new therapy in
attenuating cardiomyopathy. Recent genetic evidence
from its use in Zebrafish and rodent models suggest that
TOR (the mammalian target of rapamycin) signalling
inhibition may present a novel therapeutic strategy in the
management of cardiomyopathy [50-52].

Conclusions

Our understanding of the genetics underlying heritable
cardiomyopathies is rapidly evolving, and it is likely to
change further over the next few years with advances in
NGS methods and bioinformatics. These new technologies
have enabled the discovery of novel genes associated with
disease, but there exists a major gap in knowledge when
assigning clinical relevance to new mutations and variants
of uncertain significance. A single phenotype may be
accounted for by a multitude of genes and mutations in
each individual gene may give rise to different phenotypes
in different people. This vast heterogeneity makes research
in this area fascinating, but makes clinical application
difficult. One of the main challenges over the next few
years would be in designing cost-effective and time-effi-
cient functional studies to demonstrate the effects of new
variants on pathophysiology of disease. It is imperative that
clinicians managing affected patients and their families are
not only aware of new developments but also of the sig-
nificance of these new developments in the context of their
patients.
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