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ignificant advances in genetic testing have

provided new opportunities for cardiologists

to identify and understand the genetic basis
of inherited cardiomyopathies (CMPs). Over the
past 10 years, genetic testing has transitioned from
research to the clinical arena and is routinely
offered in CMP clinics to identify the genetic cause
of disease (1). However, this testing also has come
with new challenges and responsibilities regarding
the use of this information for patients with CMPs
and their families.

GENETIC COUNSELING

Genetic counseling is “the process of helping people
understand and adapt to the medical, psychological,
and familial implications of genetic contributions to
disease” (2). All medical professionals, including
cardiologists, who treat families with CMPs should
have a good knowledge of molecular genetics of
CMP and be trained in the principles of genetic
counseling (1,3,4). The provision of care for CMP
requires a multidisplinary team in which genetics
providers play an essential role. Genetic counseling
is an integral part of the management for all pa-
tients with CMPs and their family members, and
specialized CMP centers increasingly have genetic
counselors and/or clinical geneticists as a part of
the team.
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ROLE AND COMPONENTS OF
GENETIC COUNSELING

PSYCHOLOGICAL ASPECTS. Communication of in-
formation can be carried out by any member of the
team with necessary competencies. (Figure 1). How-
ever, genetic counselors are trained in the genetic
basis and psychological impact of disease. At the time
of genetic counseling, affected individuals and their
families may be struggling with anxiety related to
their recent diagnosis, uncertainty about therapy and
their longevity, inheritance in other family members,
or grief related to the sudden death of a loved one.
Many psychosocial issues should be addressed
during counseling. Many feelings may be expressed,
such as apprehension about idea of being “labeled”
with this condition, guilt about passing on the gene to
their children, and feelings related to the impact of the
diagnosis on lifestyle, employment, and insurance.

MODE AND RISK OF INHERITANCE. Clinical assess-
ment and family history with construction of a 3- to
4-generation family pedigree helps to confirm the
genetic origin and mode of inheritance. In some in-
stances, this may require collection of relatives’
medical records or post-mortem reports. Establishing
the mode of inheritance identifies relatives who are at
risk of disease development. Most CMPs are typically
inherited as an autosomal dominant trait as a result of
a single gene defect capable of causing the trait (i.e.,
monogenic origin). Thus, there is a 50% risk for first-
degree relatives to be affected by the same condition.
Other modes of inheritance, such as autosomal
recessive, X-linked recessive, or matrilinear inheri-
tance, may be suspected or identified during assess-
ment of the family history and pedigree. In some
X-linked disorders such as Fabry disease, identifica-
tion of the modes of inheritance may be challenging
because female carriers may develop a milder
phenotype later in life. In autosomal recessive CMP,
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the phenotype usually manifests by the time the pa-
tient is a teenager or a young adult. Genetic testing is
recommended even in patients with no family history
of CMP or sudden cardiac death because this may
reflect a lack of robust family history, incomplete
penetrance, or a de novo mutation in the proband.
Knowledge of the mode and risk of inheritability is
essential to discuss and guide preconception coun-
seling for family planning. Worsening of symptoms
and potential maternal risk of cardiac complications
during pregnancy may occur and should be discussed.

AGE OF ONSET, PENETRANCE, AND EXPRESSIVITY. The
age of onset can also vary as a result of incomplete
penetrance of the gene causing the mutation. This is
commonly seen with autosomal dominant CMP. As a
result, a case initially presumed to be sporadic may
result from inheritance from a carrier, phenotype-
negative, parent. In autosomal recessive CMP, the
phenotype usually manifests by the time the patient
is a teenager or a young adult.

Initially, the affected individual carrying the mu-
tation may express no phenotype. This can continue
for several years until teenage years or young adult-
hood, or it may persist lifelong. Genetic testing is
sometimes able to identify this preclinical subset of
mutation carriers. During the second stage of CMP,
which may also last for several years, the cardiac
phenotype manifests with no symptoms. After a
period of clinical stability, symptoms develop, and
complications may occur. This variability of pheno-
type expressivity suggests an interplay of additional
genes and environmental factors that “awakens” the
phenotype (5-7). Thus, the clinical phenotype can
vary from 1 family member to another despite sharing
the same genetic mutation. Interestingly, in arrhyth-
mogenic right ventricular cardiomyopathy (ARVC),
the phenotype usually shows clinical features as a
teenager or young adult that worsen with strenuous
exercise. A normal initial clinical assessment in a
relative does not exclude the possibility that the
phenotype may develop at a later in life. Periodic
screening appointments should be offered.

EDUCATION AND SUPPORT. Information about the
condition should be provided by the clinical team
managing the patient. Clinicians should emphasize
that the CMP team is the best setting for airing spe-
cific concerns related to their condition.

The provision of written booklets is encouraged for
further education. Additional information can be
found on the websites of the American Heart Associ-
ation and the National Heart, Lung, and Blood Insti-
tute (8,9). Interaction with patient group forums,
such as the Hypertrophic Cardiomyopathy
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FIGURE 1 Components of Genetic Counseling
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Association (10), should be encouraged. The educa-
tional needs of the patient may change over time and
should be revisited during consultations.

POTENTIAL RESULTS AND IMPLICATIONS OF
GENETIC TESTING. The main role of genetic testing
in a proband with an undeniable cardiomyopathy is
the identification of the causative mutation for ge-
netic screening to their family members. This process
of predictive testing is of significant importance in
CMP clinics. In ARVC, the identification of a patho-
genic variant in ARVC-related genes is a major diag-
nostic criterion (11). In some situations, genetic
testing may change the management (e.g., enzyme
replacement therapy for Fabry disease and defibril-
lator implantation in dilated cardiomyopathy caused
by a lamin A/C gene mutation) (3).

Genetic testing is often carried out using multigene
panels. The composition of the panels will vary ac-
cording to the CMP being tested for and from center to
center. Chromosomal microarray can be used to eval-
uate deletions and duplications. Whole exome or
whole genome analysis is also used in clinical practise.

Special considerations are in order when counseling
children (12). Predictive testing in young children is
not encouraged. The child often lacks the capability to
comprehend the possible benefits, limitations, and
implications of testing and to understand how this
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would affect their future. Periodic clinical surveillance
should be offered according to guideline recommen-
dations. Testing should be deferred in childhood, and
parents should be dissuaded from making decisions
until the child is at least an adolescent or adult who can
discuss and participate in decision making. In general,
this genetic testing should not be carried out unless the
child demonstrates a clear phenotype. However, if an
older child or adolescent is distressed, or if the test
results would have a major impact on life choices, then
it may be considered.

If genetic testing is being considered, a thorough
explanation of the potential results with benefits,
uses, and limitations should also be discussed before
genetic testing, to make an informed decision about
whether to proceed with testing and obtain informed
consent.

e Positive results: In most cases, a positive result
does not affect the proband’s medical manage-
ment. Cascade genetic testing should be offered,
with testing offered initially to first-degree rela-
tives, to minimize unnecessary tests. Pheno-
negative genopositive individuals should be
offered periodic clinical surveillance to detect the
development of CMP.

¢ Inconclusive results: A variant of uncertain clinical
significance (VUS) may be identified (i.e., unknown
to be a disease causing or a normal variant).
Although some VUSs may eventually be reclassi-
fied as pathogenic mutations, many VUSs may
represent benign variations that are not disease-
causing mutations. A VUS cannot be used to
confirm or rule out an inherited condition (13). In
these situations, co-segregation studies and
follow-up testing of family members may reclassify
the VUS as the causative or benign mutation.

e Negative results: A negative result for the pro-
band means that a disease-causing mutation has
not been identified. With advances in genetic
technology, a pathogenic variant may be identi-
fied in the future, and broader genetic testing
could be considered at a later date. In this
setting, clinical screening and surveillance can
still be offered to relatives. When a negative ge-
netic test result is received from a relative of a
proband with a known disease-causing mutation
CMP, the individual can be discharged from sur-
veillance, and their children are not at risk for
the familial mutation.

Before testing, a thorough discussion ensures that
the patient understands the provided information,
and questions should be encouraged by the genetic
counseling provider to address the potential
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implications of genetic testing. Once the results are
available, a discussion should be conducted by ge-
netic counselors/clinical geneticists and the patient.
With improvements in technology and the identifi-
cation of more pathogenic genes, the yield of muta-
tion detection is improving; thus, repeat testing
maybe offered in those patients with historical ge-
netic results. Many years after a test has been con-
ducted, repeat contact may be made to determine the
need to reclassify an old result (e.g., downgrading
from pathogenic to benign or upgrading from VUS to
pathogenic). The pathogenicity of any identified
variants should be established using the guidelines of
the the American College of Medical Genetics and
Genomics (14).

Some occupations,
such as joining or continuing to work in the armed
forces or police force or as an airline pilot, heavy
goods truck driver, or professional athlete, carry re-
strictions in the setting of confirmed CMP. The diag-
nosis of CMP can result in paying higher premiums for
insurance or mortgages following diagnosis. Pheno-
negative family members may hesitate when it comes
to genetic testing because this may have an adverse
social impact.

In November 2009, the Genetic Nondiscrimination
Information Act (GINA) went into effect to prohibit
employers and health insurance companies from bias
against individuals on the basis of their genetic test
results (15). However, this act does not cover
discrimination that could be faced in schools, mort-
gage lending, or life insurance.

Ensuring that the patient
comprehends the information given is very important
to facilitate communication with the family. The pa-
tient is encouraged to inform family members about
the inheritance risk and the possibility of clinical
evaluation and/or genetic testing (cascade screening).
Specific written information should be given to the
patient to help relay this information to their rela-
tives. Many factors can affect the dissemination of
this information, such as family dynamics, distance,
knowledge, and current health of the proband (16).
Sometimes the proband expresses no wish to inform
the family, and the usefulness of testing in this sce-
nario needs to be reassessed.

Genetic counseling should be regarded as an essential
component of managing CMP. It should be provided
by health care professionals appropriately trained in
genetic counseling for inherited cardiac conditions.
Competent genetic counseling is key to providing the
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necessary information and support for patients with
CMPs to enable informed decision making and con-
sent throughout all phases of management. This en-
sures that the expectations of management are met

and the results are understood.
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