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Introduction

Dilated cardiomyopathy (DCM) is an important cause of sudden cardiac death (SCD) and
heart failure (HF) and is the leading indication for cardiac transplantation in children and
adults worldwide.! It is characterized by ventricular chamber enlargement and systolic
dysfunction with normal left ventricular wall thickness. Different etiologies can lead to
DCM, including inherited, infectious and inflammatory diseases. However the majority of
cases remain unexplained after a thorough review for secondary cause.? Discoveries made
over the past 20 years have revealed a genetic basis in both inherited and hitherto idiopathic
forms, with many different genes implicated.3-8 These developments have enlightened both
clinical diagnosis and investigation, and fostered informed therapeutic decisions.

Genetic Background

Genetic etiologies are often suspected based on the presence of familial clustering of
disease. Although initial estimates of familial involvement in DCM were as low as 2%,°
such ascertainment was derived from early studies that were limited to retrospective
analyses of medical records. Recent studies, which assessed for hereditary disease with
prospective pedigree analysis and echocardiography, have suggested that up to 40% of DCM
may be inherited.1%: 11 Accordingly, the importance of considering familial disease in DCM
has been emphasized in recent consensus statements, 12 13

The study of affected kindreds has revealed familial DCM to be mostly inherited in an
autosomal dominant fashion with characteristic age-dependent penetrance and variable
clinical expression (Figure 1). Autosomal recessive, X-linked and mitochondrial forms have
been described in a limited number of cases, often with associated skeletal myopathy.10
Although DCM may develop at any age, it usually does not present until adolescence or
young adulthood (i.e. age dependent penetrance). Clinical manifestations can vary
tremendously, even within individual families, where a proportion develop end-stage HF as
infants while others may survive to the 7t decade with mild subclinical DCM (i.e. variable
clinical expression).14 In a subset of familial cardiomyopathy, there are associated clinical
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features which are inherited with DCM.1® However, the majority of cases present with
isolated DCM.

Genetic etiologies of DCM were initially identified through the study of affected families.
However, sporadic, non-familial DCM may have a genetic etiology as frequently as
hereditary presentation.1® Accordingly, genetic etiologies should be considered equally in
familial and non-familial DCM. Mutations in over 40 different genes have been implicated
in the pathogenesis of DCM. This concept of locus heterogeneity is further compounded by
allelic heterogeneity, whereby different mutations within the same gene have been shown to
cause DCM, with most being private to individual families.

DCM Disease Genes

Mutations in different genes, encoding a diverse array of proteins, may cause DCM,” and
largely have been identified through genome wide linkage analysis,* and candidate gene
sequencing.1* More recently, new technologies have enabled whole-exome sequencing, 8
which is being increasingly used for gene discovery. Genes implicated to cause DCM
encode components of the sarcomere, cytoskeleton (e.g. Z-disk proteins), nuclear envelope,
and sarcolemma. In addition to these structural elements, mutations have also been
identified in genes important for calcium cycling (PLAP), RNA splicing (RBMZ20-9) and
protein trafficking (BAG3'8). A comprehensive review of confirmed and putative disease
genes has been described in several recent publications;1”- 20 an abbreviated list of disease
genes is provided on table 1.

The principle genetic etiologies of DCM have been reported in sequencing studies of
moderate sized cohorts (n~300) comprised of both familial and sporadic cases. These studies
suggest that mutations in sarcomeric genes, including 77N (titin), MYH7 (myosin heavy
chain), 7WNT2 (cardiac troponin T) and 7PMI (a-tropomyosin) are the most common
etiologies, collectively accounting for ~30% of cases.8: 16 21-23

Mutations in LMNA, which encodes Lamin A/C, a nuclear envelope protein, have been
shown to cause different phenotypes associated with DCM, including DCM with limb-girdle
or Emery-Dreifuss muscular dystrophy. Patients with L MNA mutations and DCM also have
electrical instability (DCM+E), with supraventricular arrhythmias and atrioventricular block
(AVB) often present before systolic dysfunction.? 24 In large DCM cohorts, LMNA
mutations are present in ~5% of patients2®, however they are more prevalent (~33%) in
patients with a DCM+E phenotype.28

Desmosome gene mutations are a known cause of arrhythmogenic right ventricular
cardiomyopathy (ARVC), but may also play a role in DCM. Some patients with ARVC may
present with left ventricular predominant disease, often caused by mutations in the
desmosomal gene DSP (desmoplakin).2” Affected patients may present with an increased
burden of ventricular tachyarrhythmia and/or coarse hair with palmoplantar hyperkeratosis
(cardiocutaneous syndrome).2” Autosomal recessive cardiocutaneous syndrome with
primary LV involvement is termed Carvajal syndrome,28 although autosomal dominant
forms have been described.29 Alternatively, DCM caused by desmosomal mutations may
present without any apparent RV involvement or excess arrhythmia.30

DCM is a relatively common feature in several forms of inherited skeletal myopathies,
including those caused by mutations in DMD (dystrophin),31 DES (desmin),32 EMD
(emerin)33, and ZNF9.34 Mutations in these genes may cause cardiomyopathy without
apparent skeletal myopathy,3° especially in female carriers of mutations in the DMD gene
which resides on the X-chromosome.38
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Clinical Presentation

Heart failure, sudden death or thromboembolism may be the presenting manifestation of
DCM. Alternatively, patients may be diagnosed with subclinical DCM identified in the
process of family evaluations. As described in the preceding section, clinical manifestations
vary substantially even within an individual family. In families where the pathogenic
mutation has been identified, most, but not all carriers of the disease-mutation ultimately
develop overt cardiomyopathy (i.e. incomplete penetrance). DCM caused by mutations in
the sarcomere genes MYH7, TNNTZ2and TPM1 may present at any age, however adverse
outcomes appear to be more common with pediatric presentations.* 14 77N associated
DCM typically does not present until adulthood, although adverse outcomes occur earlier in
males.8 Alternatively, L MNA associated heart disease typically does not manifest until the
3"d decade, usually with conduction disease or arrhythmia that precedes DCM.37

Associated phenotypes

Most patients with familial DCM have isolated heart muscle disease, however extra-
cardiomyopathic phenotypes are present in a minority of cases (Table 2).

Associated or preceding conduction disease and supraventricular arrhythmia (DCM+E) are
characteristic of DCM associated with LMNA,3" EMD or SCN5A38 mutations. AVB
typically manifests as PR prolongation which may progress to compete heart block.
Electrophysiologic studies (EPS) have revealed heart block to be intra-nodal in LMNA
associated cardiomyopathy.3? Alternatively, interventricular conduction disease or sinus
node dysfunction may be the presenting manifestations of DCM+E. Supraventricular
tachyarrhythmias may begin as isolated premature atrial contractions (PAC) which progress
to permanent atrial fibrillation.3 These patients also appear to have a greater burden of
ventricular tachyarrhytmias than would be anticipated based on the severity of systolic
dysfunction.40

The presence of left ventricle hypertrabeculation without overt systolic dysfunction or
congenital anomaly defines isolated left ventricular noncompaction (LVVNC). However,
kindreds with both DCM and LVNC have been described, and both can be caused by
sarcomeric gene mutations.*!

Although rare, sensorineural hearing loss may be an associated DCM phenotype in the
context of dominant mutations in the transcriptional coactivator, £Y/A4.42 Hearing loss is
reported to precede cardiac involvement by decades in affected families.3

DCM may present with several types of inherited skeletal myopathy, including limb-girdle,
Emery-Dreifuss, myotonic, myofibrillar and dystrophin associated muscular dystrophies.*4
Patients with overt skeletal myopathy may have subclinical DCM, with “masking” of
cardiac symptoms due to the activity imitations imposed by skeletal myopathy.4°
Alternatively, patients with cardiomyopathy may have unnoticed skeletal myopathy which
may ultimately complicate advanced therapies such as cardiac transplantation.*® Elevated
serum creatine kinase (CK) concentrations may indicate subclinical skeletal myopathy,
regardless of type. Atrial arrhythmias and conduction disease may be the only cardiac
manifestations in patients with skeletal myopathy, or may precede DCM.

Clinical Evaluations of Familial DCM

The identification of left ventricular chamber dilation and systolic dysfunction with
echocardiography is diagnostic of DCM, and can allow consideration of secondary causes
(e.g. regional wall motion abnormalities in coronary heart disease). Isolated borderline left
ventricular dilation and/or systolic dysfunction may represent an early stage of disease, 11 47
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and when seen within the context of a family history, can be diagnostic. Echocardiography
is recommended for screening asymptomatic patients for DCM in affected families and for
providing clinical imaging follow-up of affected individuals.13: 48

Electrocardiographic findings are non-specific in most familial DCM, however associated
conduction disease should be considered. Prolongation of the PR interval is often the earliest
manifestation of genetic DCM+E, and less common manifestations such as atrial standstill
may develop with progressive disease.*® Likewise, frequent PACs may be present early and
may progress to permanent AF prior to the development of overt DCM.

Stress testing serves a dual role in the evaluation of a patient with presumed familial dilated
cardiomyopathy; detection of coronary heart disease and quantification of exercise capacity.
Individuals with genetic cardiomyopathy remain susceptible to coronary disease, which may
result in two different causes of systolic dysfunction in the same patient. Alternatively,
ischemic cardiomyopathy may be the cause of heart disease in patient who did not inherit
the genetic cause of primary cardiomyopathy in an affected family (phenocopy). Exercise
stress testing also allows for the objective quantification of functional capacity, which is a
powerful determinant of survival amongst patients with heart failure,%9 and can prioritize
consideration for advanced therapies (e.g. cardiac transplantation).

Ambulatory electrocardiography can be useful for symptom evaluation and risk
stratification, especially in patients with a family history of SCD or frequent ventricular
ectopy. In cases of suspected ARVC, PVCs in excess of 500/24 hours represent a minor
criterion for diagnosis based upon the Modified 2010 Task Force Criteria, although no
diagnostic standard for ambient ectopy burden has yet been established for non-ARVC cases
of suspected DCM+E. In some cases of frequent ventricular ectopy associated with LV
dysfunction, catheter ablation or pharmacologic therapy has been associated with reversal of
cardiomyopathy, and the origin of the pathogenic PVCs in these cases would be considered
idiopathic rather than secondary to a myocardial process.>!

CMR provides accurate assessment of ventricular chamber size, wall thickness and systolic
function. CMR can be especially valuable in patients with poor echocardiographic image
quality, but can also provide non-invasive tissue characterization. Delayed
hyperenhancement (DE) of the CMR perfusion agent gadolinium indicates expansion of the
extracellular space, which may be secondary to intramyocardial scar formation. The pattern
of DE can differentiate coronary versus non-coronary heart disease with good specificity.>2
In particular a subepicardial or midmyocardial pattern of DE in a non-coronary distribution
suggests non-ischemic cardiomyopathy (figure 2). Specific patterns of DE have been
purported to indicate a particular genetic association, however these findings are non-
specific and are also present in viral myocarditis or cardiac sarcoidosis.?*

Management

Lifestyle recommendations

As with other forms of heart failure, patients with familial DCM are advised to limit excess
dietary sodium and to avoid alcohol ingestion or exposure to other cardiotoxins —in
particular cocaine, amphetamines and certain anti-neoplastic agents.12 Observational studies
have found that competitive athletes have an increased rate of adverse events in LMNA
associated DCM.37 Accordingly, it would be reasonable to advise against sustained
endurance training in affected patients, even with minimal disease manifestations.
Competitive sport is generally proscribed in DCM, consistent with consensus
recommendations.>3
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Medical therapy

In patients with DCM, significant clinical benefit, including increased survival, has been
associated with the use of angiotensin converting enzyme inhibitors (ACEi), angiotensin
receptor blockers (ARB), beta adrenoreceptor blockers (BB), aldosterone antagonists, and
vasodilators. As described in consensus guidelines, these medications should be titrated to
the dose used in clinical trials unless limited by side effect.12

Patients with DCM were included in the pivotal trials which established the survival benefit
associated with ACEi, ARB and BB use in a broad spectrum of patients with DCM; from
severe®* 55 to moderate®®: 57 heart failure to asymptomatic LV systolic dysfunction.58: 59
The benefit conferred by aldosterone antagonists in patients with mild®® and severe heart
failure81 was similar in patients with both non-ischemic and ischemic cardiomyopathy.
Therapy with the vasodilator combination of hydralazine and isosorbide dinitrate improved
survival in patients with DCM. 8263 However, not all vasodilators are beneficial, including
doxazosin®2 and dihydropyridine calcium channel blockers®4 which did not improve
outcomes in DCM.

The proportion of study subjects with familial or genetic DCM was not specified in the large
HF clinical trials. In a small randomized, placebo controlled trial of non-genotyped patients
with suspected early familial DCM, carvedilol did not improve cardiac function, although
longer term follow-up suggested benefit.#” Nonrandomized trials have supported the use of
BB and ACEi in patients with Becker and Duchenne Muscular Dystrophy.31

Sudden death risk stratification and implantable cardiac device therapy

The prevention of SCD is a primary concern in patients with inherited cardiomyopathy.
Medical therapies, especially BB and aldosterone antagonists,®’: 1 reduce the risk of cardiac
arrest in patients with DCM and should be used in accordance with guideline
recommendations as described in the previous section. ICD therapy can offer incremental
prevention of SCD and is advised in selected patients (table 3).5° The use of ICD for
secondary prevention is non-controversial, as patients with prior cardiac arrest or sustained
ventricular tachycardia benefit from ICD placement.%°

The indication for primary prevention of SCD with ICD therapy in DCM is largely based on
the severity of systolic dysfunction. The risk of SCD increases with decline in systolic
function in coronary heart disease,® non-genotyped DCM,%7 and genetic DCM.8 There is
strong evidence to support the use of ICD therapy for primary prevention in patients with
severe left ventricular systolic dysfunction. Evidence is most robust in patients with
ischemic heart disease. However, trials have also been conducted in exclusively non-
ischemic DCM. In the DEFINITE trial, ICD therapy was studied in 458 patients with DCM,
LVEF<35%, NYHA class I-I11 heart failure, and ambient ventricular arrhythmias (e.g.
NSVT on ambulatory electrocardiographic monitoring).5% The risk of SCD was significantly
reduced (HR 0.20; 0.06-0.71, p=0.006) and there was an associated trend towards reduced
all caused mortality with ICD therapy. The SCD-HeFT study of primary prevention ICD
therapy in patients with LVEF<35% and NYHA class lI-I1l heart failure included a
prespecified subgroup analysis in the 1,213 patients with DCM.”? There was a non-
significant trend towards reduced mortality (HR 0.73; ClI 0.50-1.07, p=0.06) in patients with
DCM. Importantly, both of these studies were performed in patients receiving recommended
BB and ACEi therapy. Consensus guidelines recommend primary prevention ICD placement
in patients who have severe systolic dysfunction (LVEF<30-35%), are receiving optimal
medical therapy and have reasonable 1 year survival. Recommendations are strongest for
patients with heart failure symptoms (NYHA class 11 and 111).” The role of ICD therapy for
primary prevention of SCD is less well established in patients with lesser degrees of systolic
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dysfunction (e.g. LVEF=40%), although recent studies indicate increased risk of arrhythmic
events in LMNA mutation carriers with lesser degrees of systolic dysfunction
(LVEF<45%).72

Beyond systolic dysfunction, there are accepted (Table 3) and emerging (Table 4) risk
factors which can identify patients at increased risk of SCD who may benefit from ICD
therapy. Consensus guidelines recommend ICD placement for patients with DCM and
unexplained syncope or a family history of SCD.”1 However, ascertainment of a family
history of SCD may be challenging. Anecdotally, patients often refer to these family events
as “heart attacks” which may falsely imply ischemic heart disease. Accordingly,
consideration of other factors (age at death, concomitant atherosclerotic risk factors) and
review of autopsy data may be needed to clarify the family history.

In a non-genotyped cohort of individuals with NSVT and DCM, the number and length of
NSVT runs is predictive of major ventricular arrhythmias only in cases where LVEF
exceeds 35%."3

Compelling data do not support, and guidelines do not advise, the use of genetic testing for
SCD risk stratification in patients with DCM.”! However, genetic testing for DCM is still in
its infancy and thus, robust genotype-phenotype relationships are still rare. Due to the
private nature of mutations in DCM it is difficult to assess risk on a mutation basis.
However, the type of mutation (e.g. missense versus frame shift) may be predictive of
events. For example, compared to missense mutations, splice-site mutations have been
associated with increased risk of life threatening ventricular arrhythmias and SCD in
patients with L MNA associated heart disease.3”> 72 In addition to mutation type, male
gender, mildly reduced LVEF (<45%) and the presence of non-sustained ventricular
tachycardia signified increased risk of SCD in a cohort 269 carriers of LMNA mutations,
independent of the degree of systolic dysfunction.”2 Malignant ventricular arrhythmias did
not occur in this cohort, unless a patient had at least 2 of these risk factors. Invasive EPS has
not effectively risk stratified patients with non-ischemic or genetic DCM“0 and is not
routinely advised.

Preliminary reports suggest that DE identified with CMR can identify patients at increased
risk of SCD.’4 However, electroanatomic mapping has emerged as potentially superior to
CMR DE for identification of myocardial scar substrates in patients with ventricular
arrhythmias of RV origin’® 76 A comparison of CMR DE with electroanatomic mapping in
LV cardiomyopathies has not yet been performed. The results of small studies
notwithstanding, the role of genetic testing, ambulatory electrocardiographic monitoring,
invasive EPS and advanced imaging for SCD risk stratification in DCM requires further
study.

As described above, certain genetic causes of DCM also cause AV block and sinus arrest
(DCM+E), often before cardiomyopathy develops. Symptomatic bradyarrhythmias in these
patients are appropriately treated with pacing. In patients with concomitant neuromuscular
disease, such as myotonic dystrophy, placement of a permanent pacemaker is indicated for
third degree or advanced second degree AV block (Class | recommendation), although
implant can also be considered for any degree of AV block due to the unpredictable
progression of heart block (Class I1b recommendation).”? These patients with established
DCMH+E, regardless of concomitant neuromuscular disease, remain at risk of SCD88 and
consideration should be given to placement of an ICD in lieu of pacing therapy alone.*? In a
multicenter registry of 406 patients with genetically confirmed myotonic dystrophy type 1,
46 patients (11.3%) underwent permanent pacemaker implant and 21 (5.2%) received an
ICD. Seven patients treated with pacemakers (15.2%) died of SCD. In comparison, 3/21
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(14.3%) of ICD patients received appropriate therapies for ventricular arrhythmias,
including patients without severe systolic dysfunction.”” In a small prospective study,
Meune et al. evaluated the efficacy of ICD therapy in patients (n=19) with LMNA
associated heart disease who had symptomatic bradyarrhythmias but preserved systolic
function (LVEF 58 +12%).40 After 33.9+21.0 months follow-up, appropriate ICD therapies
for VT and VF occurred in 42% of patients. However, larger studies have not confirmed
these findings,3”- 72 and the role of ICD therapy in patients with genetic DCM who
otherwise require pacing remains undefined. A reasonable approach would be to incorporate
a patients individual risk (LVEF, ambient ventricular arrhythmia, family history) when
selecting device therapy for heart block or bradyarrhythmia. Assessment of myocardial scar
using either CMR or electroanatomic mapping to guide device selection in these patients has
not yet been explored but merits further study.

Cardiac resynchronization therapy (CRT) improves survival and reduces heart failure
symptoms in patients with systolic dysfunction, QRS prolongation and mild8 to severe’®
heart failure symptoms. Although clinical trials of CRT therapy did not exclusively enroll
patients with non-ischemic DCM, subgroup analysis suggested similar benefit of CRT
regardless of the etiology of systolic dysfunction. Indeed, recent multivariate analysis has
found a greater benefit in patient with non-ischemic DCM and greater degree of QRS
prolongation (>150 ms).89 In genetically confirmed DCM with advanced AVB but with
mild to no impairment of LV function (EF>40%), CRT may be reasonable to consider given
the deleterious effects of chronic RV pacing on LV performance and heart failure
symptoms.81

Advanced Therapies

In spite of appropriate medical and device therapy, a proportion of patients with genetic/
familial DCM may develop progressive pump failure. As with other causes of heart failure,
cardiac transplantation and mechanical circulatory support are appropriate therapies for
selected patients with end-stage DCM.

Genetic testing and family evaluations

Genetic testing for DCM has been clinically available for several years. A “panel” based
approach, whereby multiple disease genes are re-sequenced, is advised owing to the
considerable genetic diversity of DCM. Multiple CLIA approved labs offer genetic testing
for DCM utilizing this approach, a complete list of which can be found at
www.genetests.org. Although precise data are lacking, approximately 30-40% of patients
currently referred for clinical genetic testing will be found to have a pathogenic genetic
variant (aka mutation). In general, clinical and demographic factors, including family
history, are not predictive of the results of genetic testing.16 However, the likelihood of
finding a mutation appears less likely in older patients (> 40 years) with non-familial
disease.23

Ordering providers should be aware of the limitations of genetic testing for DCM, especially
as they apply to indeterminate and *“negative” test results in index patients. Importantly, not
all genetic variation identified by genetic testing is pathogenic, and clinical decisions should
not be predicated on genetic variants of uncertain or indeterminate clinical significance. In
order to consider a particular DNA variant pathogenic, it is important that several lines of
evidence support an association with disease. Evidence supportive of pathogenicity can
include absence of the variant from large race-matched control populations, evolutionary
conservation of the mutated amino acid, co-segregation of genotype and phenotype within a
kindred, functional analysis and computational (i.e. /n silico) analysis. Secondly, a
“negative” genetic test result in the index patient does not imply that the patient does not
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have genetic disease. Rather, they do not have a mutation in one of the tested genes. As our
knowledge of the genetics of DCM is incomplete, there remains the possibility that a
mutation could be present in a non-tested gene.

Notwithstanding cost and the limitations thus enumerated, when should genetic testing be
performed in DCM? First, genetic testing is warranted if the identification of a genetic cause
can inform clinical management of the index patient. This may be of most use in DCM+E
where non-genetic heart disease (e.g. cardiac sarcoid) may have a similar clinical
presentation but is managed differently (e.g. high dose corticosteroid therapy).24 In these
cases, the diagnosis of genetic heart disease can allow deferral of evaluations for alternate
diagnoses (e.g. endomyocardial biopsy). Second, genetic testing is a requisite for
preimplantation genetic diagnosis. When performed with in vitro fertilization,
preimplantation genetic diagnosis and selective transfer of genetically unaffected embryos
can prevent the transmission of disease to offspring.82 Nevertheless, it is in the prioritization
of family evaluations where the clinical value of genetic testing is likely greatest.

Recognition that a patient has a familial or genetic cardiomyopathy is accompanied with the
responsibility to consider the risk of disease in the patient’s family. Privacy concerns and
medical ethics preclude direct communication with at-risk family members, although the
relevant recommendations can be relayed through the index patient. Because familial DCM
can present early in life, consensus guidelines recommend screening first degree relatives
with clinical examination, echocardiography and ECG +/- measurement of serum CK
beginning in childhood. Screening for DCM should be repeated every 3 to 5 years owing to
age-dependent penetrance, which is typical of genetic DCM.13 When genetic testing
identifies a pathogenic DNA variant (mutation) in the index patient, clinical screening can
be restricted to family members who have inherited the mutation.13 The use of genetic
testing to prioritize family evaluations is anticipated to halve the cost of screening and limits
evaluations only to those at risk of developing disease.13 When genetic testing of the index
patient fails to identify a pathogenic variant, all first degree family members should be
clinically screened, especially when familial disease is present. In cases where a variant of
indeterminate significance was identified in the index patient, combined clinical and genetic
testing of their relatives can clarify variant pathogenicity.

Prior to offering predictive genetic testing to clinically unaffected family members, the risks
of genetic testing should be explained, including implications for the procurement of life
insurance. Family members should also be counseled to the limitations of genetic testing,
and the possibility that current interpretations of variant pathogenicity are subject to change
which could lead to reassessment of their risk. Accordingly, genetic counseling is a
recommended component of the management of families with DCM and should be
performed by an experienced professional (e.g. genetics counselor and/or clinical
geneticist). 20. 83

Future directions

Dramatic improvements in sequencing technology and greater insight into cardiomyopathy
pathogenesis will influence the diagnosis, evaluation and management of familial DCM. The
use of genetic testing in clinical practice has begun, however the cost of sequencing and
relative insensitivity of clinical assays has limited widespread acceptance. This is expected
to change in the near future as the cost of sequencing the entire genome is anticipated to fall
below $1,000 dollars in the next 3 years.84 Sophisticated information systems and decision
support will be necessary for providers to incorporate genome sequencing in clinical
practice.85 Inexpensive and accurate genetic testing will increase the number of DCM
“patients” identified to have pre-clinical disease. These are hitherto unaffected relatives of
patients with overt DCM who carry a pathogenic mutation. Evaluations performed on these
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preclinical patients suggest that disease mechanisms are activated early and can be detected
with contemporary diagnostic modalities.8¢ The characterization of the preclinical DCM
phenotype will inform our pathophysiologic models. Ideally, this will translate into
preventative therapies which limit the future burden of heart failure and arrhythmia. Beyond
prevention, patients with overt disease will stand to benefit from gene and pathway specific
therapies. Small molecule inhibitors of the ERK1/2 and JNK pathways slow the progression
of LMNA associated DCM in animal models.8” Antisense oligonucleotides developed to
treat Duchenne muscular dystrophy, have already shown promise in small clinical studies,
however the effects of this therapy on cardiac function are not currently known.88

Summary

Familial DCM has diverse genetic etiologies and is an important cause of HF and SCD. An
important minority of patients with familial DCM will present with associated clinical
features, including conduction disease, arrhythmia and skeletal myopathy. Evidenced-based
medical and device therapies improve clinical outcomes. The application of genetic testing
has begun to inform the clinical management of these patients, however it has not yet
dramatically influenced therapy.
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Figure 1.
Inheritance and Expression Patterns in Familial DCM. Disease transmission from father to

son supports autosomal dominant inheritance (arrow). Incomplete penetrance is
demonstrated by individual A, who has no evidence of DCM but is an obligate carrier of a
disease variant by virtue of having an affected father and son. Variable clinical expression is
evident with clinical manifestations differing amongst affected individuals within the
kindred, which may obscure recognition of shared genetic disease. In this family, the
presence of arrhythmias, conduction disease and DCM are consistent with disease caused by
a mutation in LMNA, which was subsequently identified in individual

B. Black symbols = clinically affected individuals; white symbols = clinically unaffected
individuals; circle=female; square=male; slash=deceased. + = L MNA mutation positive; — =
LMNA mutation negative; AF = atrial fibrillation; AVB = atrioventricular block; LVEF =
left ventricular ejection fraction; SCD = sudden cardiac death.
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Figure2.

Non-Coronary Pattern of Delayed Gadolinium Enhancement imaged with Cardiac MRI in
Familial DCM. Short axis Cardiac MRI (CMR) images reveal circumferential subepicardial
delayed enhancement (DE) of gadolinium (arrows) in a young patient with familial DCM
and palmoplantar keratoderma caused by a DSP mutation. The pattern of delayed
enhancement of gadolinium is not specific for genetic heart disease, but is distinct from
ischemic cardiomyopathy.

LV = left ventricle; RV = right ventricle.

Images courtesy of Ravi Shah, MD and Raymond Kwong, MD, Brigham and Women’s
Hospital, Boston, MA.
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Associated Clinical Features which are Present in a Minority of Patients with Familial Dilated

Cardiomyopathy

Table 2

Page 20

Associated Phenotype

Clinical Features

Comment

Associated Gene”

soles with woolly or excessively curly
hair

Conduction disease Sinus arrest May precede DCM DES
AV block DMD
Interventricular block EMD
LMNA
SCN5A
Supraventricular arrhythmia Premature atrial contraction Often with slow ventricular response EMD
prior to DCM Atrial fibrillation LMNA
SCN5A
Skeletal Myopathy Limb Girdle Proximal muscle weakness LMNA
Emery-Dreifuss Contractures, skeletal myopathy and EMD, LMNA
wasting
Myotonic Dystrophy Myotonia, weakness, baldness and cataracts. ZNF9, DMPK1
Duchenne/Becker Progressive X-linked proximal myopathy DMD
Myofibrillar Myopathy Slowly progressive proximal and distal DES
weakness
Hearing loss Sensorineural hearing loss Hearing loss typically occurs in 1st and 2nd EYA
decade of life
Palmoplantar keratoderma Increased thickness of the palms and May precede cardiac involvement DSP

*
Selected, incomplete list of associated disease genes.

AVB = atrioventricular block.
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Table 3

Accepted Indications for ICD therapy in Familial Dilated Cardiomyopathy

Indication 1CD Recommendation”
Resuscitated sudden cardiac death from VF or VT Class |

Sustained VT and significant LV dysfunction® Class |

LVEF<35% and class I1-I11 heart failure on optimal medical therapy Class |

Unexplained syncope and significant LV systolic dysfunction’ with inducible VT/VF at EPS | Class |

Unexplained syncope and significant LV systolic dysfunction® Class lla

Sustained VT and normal or near normal LVEF Class lla
LVEF<30-35% and class I heart failure on optimal medical therapy Class Ilb

Family history of sudden death Class Ilb

LV hypertrabeculation/Noncompaction Class Ilb

*
2008 AHA/ACC/HRS consensus guideline recommendations.

Page 21

Class I: Should be performed; Class Ila: Reasonable to perform; Class I1b: May be considered. ICD therapy is not advised for patients without

reasonable expectation of survival with good functional status for more than 1 year.

EPS = electrophysiological study.
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Table 4
Potential/Emerging Indications for ICD therapy in Familial Dilated Cardiomyopathy

Indication

Need for pacemaker

Nonsustained VT on ambulatory electrocardiographic monitoring

Delayed enhancement of Gadolinium present on CMR

Gene based diagnosis *

*
LMNA, DES, SCN5A, Desmosomal.

CMR = cardiac magnetic resonance imaging.
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