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ABSTRACT
This Canadian Cardiovascular Society clinical practice update pro-
vides essential guidance on integrating genetic testing into clinical 
care for inherited cardiovascular conditions, including primary ar-
rhythmias, cardiomyopathies, aortopathies, familial hypercholester-
olemia, and congenital heart diseases. Genetic testing for these 
conditions is crucial for early detection, risk stratification, and man-
agement, and significantly influences patient and family outcomes, 
particularly regarding sudden cardiac death risk. Historically 
managed within specialized genetics or cardiology clinics, growing 
demand and limited resources necessitate evolving care pathways for 
broader integration into general practice. This update outlines foun-
dational steps such as establishing regional cardiogenetic expertise 
networks, enhancing genetics literacy among providers, and clarifying

R � ESUM �E
Cette mise à jour de pratique clinique de la Soci� et� e cardiovasculaire 
du Canada fournit des conseils essentiels pour int� egrer les tests 
g� en� etiques aux soins cliniques des maladies cardiovasculaires 
h� er� editaires, notamment les arythmies primaires, les cardiomyopa-
thies, les aortopathies, l’hypercholest� erol� emie familiale et les mala-
dies cardiaques cong� enitales. Les tests g� en� etiques sont essentiels en 
pr� esence de ces affections, pour les d� epister pr� ecocement, stratifier 
le risque et les prendre en charge. Ils influent consid� erablement sur 
l’issue pour le patient et sa famille, particulièrement en ce qui con-
cerne le risque de mort subite d’origine cardiaque. Ces tests � etaient
jusqu’à alors offerts dans les cliniques sp� ecialis� ees en g� en� etique ou 
en cardiologie, mais la demande croissante et les ressources limit� ees
n� ecessitent un changement dans le parcours de soins et une
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This Canadian Cardiovascular Society (CCS) clinical practice 
update is focused on the implementation of genetic testing for 
inherited cardiovascular conditions (ICVC), including pri-
mary arrhythmia disorders (ie, long QT syndrome, Brugada 
syndrome, catecholaminergic polymorphic ventricular 
tachycardia), cardiomyopathies (ie, hypertrophic, dilated, 
arrhythmogenic, infiltrative), aortopathies, familial hyper-
cholesterolemia, and congenital heart disease. These condi-
tions place individuals and families at risk of morbidity and 
mortality, and early detection, appropriate management, and 
risk stratification can improve outcomes. Of particular 
concern, many of these conditions are associated with an 
increased risk for sudden death events, even in asymptomatic 
individuals. 1

The role of genetic testing in the diagnosis and manage-
ment of ICVC continues to expand thanks to our evolving 
understanding of genetically mediated heart conditions, and 
ongoing changes in technology and bioinformatics. 2,3 His-
torically in Canada, genetic testing has been managed 
through medical genetics clinics or specialized cardiology 
clinics, both of which involve multidisciplinary teams of 
health care providers including cardiologists, medical genet-
icists, genetic counsellors, and nurses. However, with growing 
demands and limited resources, in many regions across 
Canada use of these models might result in lengthy wait times 
and/or limited access to cardiogenetic testing. 4,5 This prob-
lem is compounded by the growing indications and increased 
demand for cardiogenetic testing. 6-11 Although there are in-
ternational guidelines for test indications, there is a paucity of

resources to support the implementation of cardiogenetic 
testing in clinical practice, where there are clear opportunities 
for implementing best practices and quality improvement 
initiatives, which are imperative to providing comprehensive 
and equitable care to patients and families.

In this document we emphasize the expansion of access and 
underscore the crucial need for integrating cardiogenetic 
testing across various health care services. We simultaneously 
highlight the complexities involved, and emphasize that 
ongoing specialized expertise remains essential. 1,2,6-11 Our 
primary aim is not to equip cardiologists comprehensively with 
the intricacies of ICVC and genetic testing. Instead, we provide 
practical guidance, key considerations, and essential informa-
tion for clinicians, allied health providers, administrators, and 
policymakers interested in implementing cardiogenetic testing 
within their practices or broader health care systems. 

Successful integration of cardiogenetic testing into 
mainstream health care will necessitate innovative strategies 
for continuous medical education and resource utilization 
that effectively balance access and demand with evidence-
based standards of care. We recognize that specific sections 
will hold varying relevance for different readers depending 
on their background, roles, and current stage of imple-
mentation. It might therefore be approached modularly, to 
allow readers to engage with individual sections in any given 
order, on the basis of specific needs and priorities. Collec-
tively, however, these sections form a cohesive framework 
and roadmap for initiating and enhancing cardiogenetic 
testing services:

genetic testing indications and methodologies. It critically examines 
various clinical care models―traditional medical genetics clinics, 
multidisciplinary specialty clinics, mainstreaming approaches, and 
hub-and-spoke models―highlighting their strengths and barriers 
within the Canadian health care context. Key implementation chal-
lenges, including variant interpretation, secondary findings, informed 
consent complexities, and cascade testing barriers are addressed 
with practical recommendations for clinicians, genetic counsellors, 
and health care systems. Furthermore, this document emphasizes 
strategic planning to effectively manage increasing cardiogenetic 
testing demands, advocates for increased professional training, 
equitable resource allocation, national standardization, and policy 
frameworks. By detailing actionable strategies and promoting 
collaborative interdisciplinary networks, this update supports clini-
cians and health care administrators in incorporating cardiogenetic 
testing into routine cardiovascular care, thereby enhancing clinical 
outcomes and equity across Canada.

int� egration plus large de ces tests dans la pratique g� en� erale.La mise 
à jour souligne les � etapes fondamentales de cette int� egration,
comme la mise en place de r� eseaux r� egionaux d’expertise en car-
diog� en� etique, l’am� elioration des comp� etences en g� en� etique des 
professionnels de la sant� e et la clarification des indications et des 
m� ethodologies pour les tests g� en� etiques. Elle examine de manière 
critique divers modèles de soins cliniques, notamment les cliniques 
de g� en� etique m� edicale traditionnelles, les cliniques sp� ecialis� ees
multidisciplinaires, les strat� egies d’int� egration et les modèles dits en 
� etoile (« hub-and-spoke ») où des centres secondaires s’organisent 
autour d’un centre principal, pour souligner leurs avantages et leurs 
inconv� enients dans le contexte des soins de sant� e canadiens.Les 
principaux d� efis de mise en œuvre, notamment l’interpr� etation des 
variants, les r� esultats secondaires, les difficult� es li� ees à l’obtention du 
consentement � eclair� e et les obstacles aux tests g� en� etiques familiaux, 
y sont abord� es et des recommandations pratiques sont formul� ees à 
l’intention des cliniciens, des conseillers en g� en� etique et des sys-
tèmes de soins de sant� e. Ce document met � egalement l’accent sur la 
planification strat� egique n� ecessaire à une gestion efficace de la 
demande croissante en tests cardiog� en� etiques et plaide en faveur 
d’une augmentation de la formation professionnelle, d’une distribu-
tion � equitable des ressources, d’une normalisation à l’� echelle natio-
nale et de la mise en place de cadres politiques.En proposant des 
strat� egies concrètes et en promouvant des r� eseaux interdisciplinaires 
ax� es sur la collaboration, cette mise à jour aide les cliniciens et les 
administrateurs de soins de sant� e à int� egrer les tests cardiog� en� e-
tiques aux soins cardiovasculaires de routine, en vue d’am� eliorer les 
r� esultats et l’� equit� e cliniques partout au Canada.
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• Section 1. Building a foundation: focused on devel-
oping knowledge and fostering professional networks.

• Section 2. Developing care pathways: outlines 
various approaches tailored to differing resource 
levels and patient needs.

• Section 3. Genetic testing: provides detailed insights 
into available tests, technological advancements, and 
considerations for special patient populations.

• Section 4. Informed consent and family care: ethical 
considerations and effective communication strategies 
with patients and their families are discussed.

• Section 5. Results and follow-up: the interpretation 
of test results, handling secondary findings, and 
appropriate follow-up actions.

• Section 6. Future planning and policy-making: 
highlights strategies and recommendations for sus-
tainable policy development and long-term planning.

1. Building a Foundation
Key messages for physicians and allied health care providers:

• Before routinely incorporating genetic testing into 
practice, health care providers should consider 
updating genetics knowledge and literacy (Table 1, 
Supplemental Appendix S1).

• Proactively establish relationships with regional ex-
perts in genetic counselling, medical genetics, cardi-
ology, and cardiogenetics to ensure timely and 
appropriate patient access to specialized services 
(Fig. 1, Table 2)

• Understand the clinical indications, benefits, and 
limitations associated with available genetic testing 
options (Table 3).

Successful implementation of cardiogenetic testing re-
quires a thoughtful approach to each step in the patient’s 
journey, including patient triage, test selection, data man-
agement, interpretation of reported findings, medical man-
agement, family risk assessment, and potential psychosocial 
and medicolegal implications. 2 All care providers will have 
increased exposure and access to cardiogenetic testing and 
results, and will need to perform individualized needs as-
sessments on the basis of their role in the care pathways being 
established and within the frameworks outlined herein. Ge-
netic testing can become accessible in general and specialized 
cardiology practices. For clinicians who are motivated to 
provide direct access to genetic testing, updated education 
might be considered via available continuing medical edu-
cation (CME) activities and/or genetics learning modules that 
range from basic genetics review courses to more compre-
hensive, cardiac-specific courses (Table 1). Alternatively, 
practitioners might choose to leverage relationships with 
regional experts through informal discussion and/or multi-
disciplinary case reviews or gain experience from ongoing 
medical referrals to those with content expertise.

1.1. Understanding genetic language and testing 
modalities

Genetics education in undergraduate medical school 
curricula is limited and is associated with poor recall,

representing a barrier to current practicing physicians. 12 

Although comprehensive genetics expertise is not a require-
ment, foundational genetic literacy is strongly encouraged to 
ensure accurate interpretation and communication of results. 
(Table 1, Supplemental Appendix S1).

ICVC can range from rare single-gene disorders to mul-
tisystemic genetic conditions, and appropriate testing mo-
dalities similarly vary from single-gene sequencing to 
candidate gene panels all the way to whole genome testing. 
Familiarity with the different platforms, their indications, and 
the limitations of each is critical to providing cardiac genetics 
care (Table 3). 13,14 For an approach to determining the most 
appropriate genetic test, please refer to section 3.1.

1.2. Establishing cardiovascular genetics networks

As the volume of patients eligible for genetic testing ex-
pands and genetic testing becomes more widely available, it is 
increasingly impractical to have all patients referred to a 
subspecialty clinic. Therefore, establishing connections to 
develop a network of cardiogenetics experts with whom to 
consult will be important (Fig. 1). Resources to help identify 
regional experts are outlined in Table 2.

Table 1. Suggested genetics resources for education about general 
medical and cardiac genetics

Resource Description

National Human Genome 
Research Institute. Genomics 
Education Resource Center 
(GenomeEd) 

https://www.genome.gov/ 
GenomeEd

• For medical professionals new to 
genetics or needing clinical 
refreshers

• Peer-reviewed modules, slide sets, 
and case studies on topics like ge-
netic testing, inherited diseases, and 
family history interpretation

AMA Ed Hub: Precision Medicine 
and Genetics 

https://edhub.ama-assn.org

• For physicians seeking AMA-
accredited genomics CME

• Short modules on personalized 
medicine, genomic testing, and 
how to interpret results in clinical 
settings

The Jackson Laboratory - Cardiac 
Genetics CME 

https://www.jax.org/education-
and-learning

• For cardiologists and primary care 
providers planning to integrate ge-
netics into cardiovascular care

• Free CME/CNE modules using 
clinical cases covering inherited ar-
rhythmias, cardiomyopathies, and 
when to refer for genetic testing

AMA Ed Hub - Genomics for 
Cardiologists 

https://edhub.ama-assn.org/

• For cardiologists seeking CME in 
genomics and precision medicine

• Short-form modules on when and 
how to use genetic testing in pa-
tients with cardiovascular disease, 
such as familial hypercholesterole-
mia, cardiomyopathy, and sudden 
cardiac death syndromes

European Society of Cardiology. 
CardioGenetics eLearning 

https://www.escardio.org/

• Designed for cardiologists
• Continuing education modules and 

webinars on clinical genetics and its 
role in cardiology

Resources for cardiologists and other health care providers in planning to 
access and/or incorporate genetic testing into clinical practice.

AMA, American Medical Association; CME, continuing medical edu-
cation; CNE, continuing nursing education.
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2. Developing Care Pathways
Key messages for physicians and allied health care 

providers:

• Optimal patient pathways are informed by test 
indication and resource availability (Fig. 2).

• Indications for a referral to a regional subspecialist 
include but are not limited to patients with complex 
clinical indications or positive or inconclusive genetic 
testing results (Fig. 3).

• Multiple care models exist (Table 4) and integrating a 
number of elements from different models might be 
required to accommodate local resources, geographic 
constraints, and patient- and disease-specific charac-
teristics of ICVC.

Regional heterogeneity in resource allocation and man-
agement is a current barrier to pathway standardization, and 
thus multiple models of care are outlined in the following 
sections, along with their strengths and drawbacks. For 
example, although published guidelines suggest that genetic 
counselling is required, equitable and timely access to car-
diogenetics experts remains a challenge. 6-11 In Canada, 
despite a single-payer system, current clinic and referral 
models differ across and within provinces. 4 In this section,

various considerations and models of cardiovascular genetics 
care are reviewed, however, elements of multiple models are 
likely to be required.

2.1. Medical genetics clinics

Historically cardiac genetic testing has been initiated via 
referral to a medical genetics clinics, with comprehensive ge-
netics assessment, genetic counselling, and testing occurring 
separately from other medical specialties. 15 The model’s primary 
advantage lies in its ability to provide comprehensive genetics 
care through dedicated medical genetics assessment, physical 
exam, and pre- and post-test counselling. For patients with 
complex medical issues in whom cardiovascular disease might 
represent 1 element of a multisystem condition or syndrome, 
this type of extensive assessment is critical. Comprehensive 
assessment of families can also be integrated into this model. 

This model presents several limitations and faces growing 
challenges. It has the potential to create long wait times due 
to high demand for genetic services and a shortage of genetic 
specialists. 16 This leads to delays in genetic testing for index 
patients and subsequently in the identification of at-risk 
family members. This model also separates genetic diagnosis 
from cardiac diagnostics and treatment. Clinical phenotype is

Figure 1. The cardiovascular genetics network. A team of health care providers is important in the care of patients with inherited cardiovascular 
conditions (ICVC). The core represents clinical specialists with specific expertise and outside, a combination of experts that may be included 
depending on clinical circumstances. The composition of the core and extended teams should be considered in the context of specific clinical 
scenarios, clinician expertise, and regional and/or provincial guidance. How clinicians connect with members of their developed networks might 
vary and could include medical referrals or informal consults and/or discussions.
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a particularly essential element in the interpretation of cardiac 
genetic testing, and genetic results are increasingly relevant 
for management. Having cardiac care and genetic testing in 
separate silos can lead to fragmented care. Therefore, building 
strong relationships and data-sharing platforms between ge-
netic specialists and cardiac specialists is critical.

There are strategies to help mitigate the limitations of this 
model. To meet the needs of large referral volumes, various 
strategies might be developed, such as the implementation of 
specialty clinic days, or group- or webinar-based models, 
virtual care, decision aids, chatbots, and educational videos to 
support the counselling process. 17-21 Alternatively, some 
medical genetics services partner with cardiology clinics to 
provide genetic counselling staff. Medical geneticists are 
available for complex variant interpretation and atypical case 
presentations.

2.2. Multidisciplinary specialty clinics

In a multidisciplinary specialty clinic, patients might 
receive care from a diverse team of health care professionals 
embedded within the same service. This team might include 
cardiovascular medicine specialists, genetic counsellors, 
medical geneticists, nurses, social workers, psychologists, and/ 
or pharmacists. A collaborative approach ensures that genetics 
assessment, counselling, and testing are combined with car-
diac care and integrated into a comprehensive and holistic

care plan. 22-24 Integration of genetic information into a 
multidisciplinary model might be useful for risk prediction 
and decision-making surrounding therapies. 1,3,6,7,10,11 

Reproductive risks and testing options can also be addressed 
concurrently including maternal health implications related 
to pregnancy and risks to offspring. 25,26

The multidisciplinary model poses its own challenges 
because it tends to be resource-intensive, requires significant 
time, expert personnel, and infrastructure to effectively manage 
various components of care. Time constraints might also limit 
the depth of genetic counselling and education provided. In 
Canada, geography can pose a significant hurdle, because this 
often requires patients to travel far distances for in-person as-
sessments or specialized testing, although combining in-person 
and virtual appointments can improve access. 17

2.3. Mainstreaming

Mainstreaming describes a model of care in which 
nongenetic specialists integrate genetic testing into their 
practices. 27 This involves initial assessment, consent, and 
pretest education provided by the patient’s primary care 
provider or cardiologist. Referral to a medical genetics clinic 
or multidisciplinary specialty clinic is made for complex pa-
tients, management questions, patients with unexpected ge-
netic test results, or those who would benefit from dedicated 
genetic counselling services to discuss communication of the 
result with family (Fig. 3).

Substantial research has been conducted to evaluate 
mainstreamed genetic testing in cancer care. Patient satis-
faction is high with the introduction of direct cancer genetic 
testing and has been shown to significantly reduce wait times 
for genetic results as well as health care costs. 28,29 Limited 
research has been done on the effect of mainstreaming in 
cardiology, although preliminary results from several studies 
that included cardiogenetics have shown that this model is 
generally acceptable to patients and providers, and can 
markedly reduce wait times. 30,31

There are notable challenges to this model, particularly the 
need to upskill providers. Misinterpretation of genetic test 
results, or incorrect test selection, can lead to inappropriate 
management decisions, whereas missed opportunities for ge-
netic testing can lead to delays in diagnosis and appropriate 
care. 32,33 Some patients might be eligible for more compre-
hensive testing or evaluation on the basis of their specific 
clinical presentation or family history, which could be over-
looked. Without additional education and resources, pro-
viders might be uncomfortable with assuming the primary 
responsibility for genetic testing. 32 To support patients and 
providers, educational resources, direct and timely referral 
processes, access to consultant cardiogenetics experts, and 
considerations of laboratory availability and partnerships will 
be paramount.

Mainstreaming is likely best suited to common ICVC 
where there are clear guidelines for genetic testing indications 
(ie, familial hypercholesterolemia, cardiomyopathies, aorto-
pathies) whereas patients with complex presentations are 
likely to be better served by upfront referrals to specialty 
clinics (Fig. 2). The challenges of this model might 
also be addressed by proactively establishing professional re-
lationships with cardiogenetics experts (Fig. 1) or by

Table 2. Canadian organizations that provide support in identifying 
regional experts

Organization Description

Canadian Association of Genetic
Counsellors 

https://www.cagc-accg.ca/?
page=225

• An organization representing ge-
netic counsellors in Canada

• Offers a searchable directory of 
genetics clinics across Canada that 
can be filtered according to prov-
ince and specialty, including 
“Cardiac Genetics”

HiRO (Hearts in Rhythm
Organization) 

https://hiro.heartsinrhythm.ca/? 
p=find_a_
clinic&sub=canadian_clinics

• Represents a network of in-
dividuals dedicated to improving 
awareness and understanding of 
inherited cardiac conditions

• Provides a list of cardiac genetics 
centres and experts across Canada

Canadian Sudden Arrhythmia
Death Syndromes Foundation 

Email: info@sads.ca

• Patient advocacy organization 
dedicated to supporting in-
dividuals and families affected by 
inherited cardiac rhythm disorders

• Can provide guidance on regional 
experts, specialized clinics, and 
referring patients and genetic 
counselling services

GADA (Genetic Aortic Disorders
Association Canada)

https://www.gadacanada.ca/
clinics-across-canada-1

• Patient and provider advocacy for 
genetic aortic conditions like 
Marfan syndrome, Loeys-Dietz, 
and familial thoracic aortic 
aneurysms

• Identify regional experts via pa-
tient referral and specialist 
directories

Within these organizations, cardiologists will be able to identify pro-
fessionals with whom to build relationships and create the individualized 
networks that suit their unique needs.
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considering more formal collaborations such as regional 
multidisciplinary case review meetings or educations rounds.

2.4. Hub-and-spoke model

In collaboration with key providers and systems-level 
planning, the aforementioned models might be combined 
and integrated into a hub-and-spoke framework. In this 
model, the hub represents the health care professionals with 
disease and domain-specific expertise, and the spokes include 
primary care, local specialists, and other allied health

professionals in the community who can help facilitate clin-
ical screening, triage, and appropriate follow-up.

For example, local specialists in the spokes identify pa-
tients eligible for genetic testing, provide initial genetic 
assessment and counselling, connect patients with available 
resources, and order genetic testing for straightforward in-
dications. Complex cases and patients with positive or 
complicated genetic test results can be referred directly to the 
hub where specialists can provide expert guidance and 
recommendations.

Table 3. Genetic testing modalities, clinical indications, and limitations

Test method Description Example of clinical use Limitations

Gene panel NGS of a selected set of genes 
associated with a specific 
diagnosis

Suspected monogenic disease with a 
defined genetic differential 
diagnosis (ie, familial 
cardiomyopathy, long QT 
syndrome, aortopathy, familial 
hypercholesterolemia)

• Identifies variants only in genes included on 
the requested panel

• Decreased detection of some deletions and 
duplications within genes; providers are 
advised to contact laboratories to better 
understand limits of detection

• Unlikely to detect large chromosome 
anomalies (ie aneuploidy, large genomic 
multi-gene deletions and/duplications, 
chromosome rearrangements, etc)

Single-variant testing Targeted sequencing to 
evaluate the presence or 
absence of a specific gene 
variant

Predictive testing of an unaffected 
individual when a known disease-
causing variant is present in a family 
member (ie first-degree relative of 
an individual with an identified 
single-gene finding)

• Does not identify additional genetic con-
ditions that might be contributing to dis-
ease

Whole-exome sequencing NGS of protein-coding 
regions of the genome 
(exons only)

Broad genetic differential diagnosis 
with multisystemic or syndromic 
features (ie congenital heart disease)

• Incomplete coverage of all exons
• Unable to detect intronic variants, poten-

tially resulting in missed diagnosis
• Decreased detection of deletions and du-

plications (might need to be combined with 
other testing, such as chromosomal micro-
array)

Whole-genome sequencing NGS of the entire genetic code 
including nonprotein 
coding sequence (exons and 
introns)

Broad genetic differential diagnosis 
with multisystemic or syndromic 
features (ie congenital heart disease)

• Currently, minimal understanding of the 
implications of intronic variation

• Decreased detection of specific types of 
variants (ie, lengthy triplet repeat expan-
sions, balanced structural rearrangements, 
low-level mosaic and/or heteroplasmic 
variants)

Karyotype Microscopic analysis of 
chromosomes

Confirmation of clinically suspected 
aneuploidy (ie, Trisomy 21)

• Unable to identify etiology of monogenic 
disease

Chromosomal microarray Submicroscopic analysis to 
identify large multigene 
deletions and duplications

Broad genetic differential diagnosis 
with multisystemic or syndromic 
features (ie, complex congenital 
heart disease with or without 
multisystem involvement)

• Unable to diagnose monogenic disease
• Limited ability to detect deletions or du-

plications within genes

Fluorescence in situ hybridization Submicroscopic analysis of 
specific and/or targeted 
chromosome regions

Confirmation of defined 
microdeletion syndrome (ie, clinical 
suspicion of 22q11.2 deletion 
syndrome)

• Detects specific alterations within the 
requested chromosomal region only

Polygenic risk score Combined analysis of multiple 
genetic variants across the 
genome to estimate an 
individual’s genetic 
predisposition to a specific 
disease or trait

Identify individuals at higher genetic 
risk for common conditions likely 
caused by multiple genetic and 
environmental factors to enable 
earlier lifestyle interventions or 
targeted preventive treatments (ie, 
coronary artery disease)

• Analyzes only specific, previously-identified 
variants and does not involve 
comprehensive sequencing

• Cannot identify rare monogenic causes of 
cardiovascular disease

• Remains under investigation and clinically 
utility remains uncertain

NGS, next-generation sequencing.
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Cardiologists, medical geneticists, genetic counsellors, and 
other allied health providers in the hub focus on high-risk and 
complex cases within their areas of expertise. The highly

specialized team within the hub is able to provide clinical 
assessment, interpret complex genetic results, and create care 
plans for patients who return to local primary care providers,

Figure 2. Pathways to genetic testing. This illustration is intended to provide clinicians with a guide to the most appropriate access point to 
genetic testing for patients, depending on clinical scenario and indication. BrS, Brugada syndrome; CM, cardiomyopathy; FH, familial hyper-
cholesterolemia; LQTS, long QT syndrome. * Published guidelines recommend pretest patient education before genetic testing, which may be 
provided by any practitioner with knowledge of the associated benefits and limitations and may include in-person discussions, written material, 
online resources, or a combination of all. ** Specific cardiology subspecialists will depend on the clinical presentation of the patient and could 
include an inherited arrhythmia clinic or cardiologist with condition-specific expertise (ie, electrophysiologist, heart function specialist, vascular 
surgeon, endocrinologist, etc). + Might include any combination of dysmorphic features, developmental delay, and multisystem medical issues.

Figure 3. Indications for subspecialist referral. Common scenarios when referral to a subspecialist with expertise in cardiovascular genetics 
might be considered are illustrated. This is not exhaustive and relies heavily on individual expertise and clinical judgement. ICDE, inherited 
cardiac disease expert, may include inherited arrhythmia clinic or cardiologist with condition-specific expertise; MGC, medical genetics clinic.
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specialists, and allied health care providers in the spokes who 
can provide longitudinal care.

By centralizing specialized cardiology and genetic expertise 
in a primary hub and connecting them to regional spokes, 
this model ensures patients benefit from advanced cardiac 
genetic services, regardless of their geographic location. 
Because of the necessity of frequent and accurate modes and 
methods of communication and data sharing, this type of 
model will require a system-level approach to funding and 
care planning to ensure integrated health services, and 
interconnected patient data and management platforms.

3. Genetic Testing
Key messages for physicians and allied health care 

providers:

• Cardiogenetic test indications are increasingly in-
formed by guidelines and expert consensus documents 
that are continually updated. Before offering genetic 
testing, cardiologists should confirm that it is indicated 
and appropriate on the basis of the clinical scenario and 
relevant guidelines. Current recommendations are 
included in Supplemental Appendix S2.

• Cardiogenetic testing should be considered probabi-
listic, and practitioners can familiarize themselves 
with test-specific limitations and pitfalls listed in 
Tables 3 and 5.

• Teams responsible for sudden death investigations 
should implement a comprehensive and standardized 
approach that includes consideration of molecular 
autopsy, and ensure appropriate collection and stor-
age of biological samples whenever possible.

Table 4. Models of cardiogenetics service delivery

Service delivery model Benefits Challenges Example of clinical use Strategies for implementation

Medical genetics clinic • Comprehensive medical ge-
netics evaluation, when 
needed

• Coordinated genetics 
assessment and genetic 
counselling

• Lengthy wait times
• Separation of genetic testing 

and interpretation from car-
diac assessment and/or 
phenotyping

• Complex congenital heart
disease

• Multisystem medical issues
• Possible syndromic diagnosis 

(ie, connective tissue disorder)
• Preconception and/or family 

planning
• Predictive genetic testing for 

unaffected family members

• Group or virtual genetic 
counselling (for straightfor-
ward indications)

• Focused specialty clinic days
• Co-opt genetic counsellors 

from medical genetics as a 
bridge between genetics and 
cardiology clinics

Multidisciplinary
inherited heart
disease clinic

• Care provided by multiple 
health care providers with 
specific expertise in ICVC

• Coordinated cardiac diag-
nosis and/or management 
and genetic counselling and/ 
or testing

• Effective genetic test inter-
pretation in the context of 
expert cardiac phenotyping

• Requires substantial human 
health resources

• Coordinating schedules, 
workflows, and 
responsibilities among 
numerous specialists

• Limited access in 
geographically remote loca-
tions resulting in significant 
travel

• Assessment for possible 
ICVC and/or uncertain clin-
ical diagnosis (ie, LQTS, BrS, 
ARVC, CPVT, etc)

• Genetically confirmed
ICVC

• First-degree relative with clin-
ical and/or genetic ICVC 
diagnosis

• Rare and/or emerging condi-
tions (ie, calcium release defi-
ciency syndrome)

• Sudden cardiac death in a first-
degree relative

• Identify specialists with 
relevant expertise across 
disciplines

• Cooperate with all team 
members to develop sched-
uling and communication 
strategies

• Work with institution ad-
ministrators and health min-
istries to provide appropriate 
support

Mainstreaming • Improved access with 
limited delay

• Genetic test interpretation 
occurs in the context of pri-
mary cardiology care

• Limited genetic counselling
• Requires some degree of 

comfort with ICVC and ge-
netics knowledge

• Possible misinterpretation of 
genetic findings

• Potential delays for cardiac 
and/or genetics assessment 
and genetic counselling with 
positive or uncertain results

• Clear, nonsyndromic diagnosis 
(ie, HCM, DCM, FH, non-
syndromic aortopathy)

• Consider web- or app-based 
resources to help with pretest 
education

• Develop relationships with 
regional ICVC and genetics 
experts for consultation, as 
needed

• Cooperate with specialty 
clinics to streamline referral 
processes for positive or ur-
gent genetic results

Hub-and-spoke • Ensures best access point 
depending on indication and 
complexity

• Reduces travel burden by 
providing local care for 
routine management and/or 
surveillance

• Avoids duplication of ser-
vices and/or specialists and 
expensive infrastructure

• Requires strong infrastruc-
ture for communication and 
data-sharing

• Potentially disrupted care 
because of miscommunica-
tion or communication 
delays

• Could be developed for any 
and all indications

• Plan and develop regional 
networks of experts (hubs) 
and local care providers 
(spokes)

• Work with health authorities 
to provide global support for 
infrastructure and network 
development

ARVC, arrhythmogenic right ventricular cardiomyopathy; BrS, Brugada syndrome; CPVT, catecholaminergic polymorphic ventricular tachycardia; DCM, dilated 
cardiomyopathy; FH, familial hypercholesterolemia; HCM, hypertrophic cardiomyopathy; ICVC, inherited cardiovascular conditions; LQTS, long QT syndrome.
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Table 5. Genetic testing strategy according to clinical indication 2,3,7-11

Condition Suggested genetic testing approach* Rationale

HCM
Nonsyndromic* HCM targeted gene panel † Nonsyndromic HCM has a defined phenotype with

limited phenotypic overlap and a well defined gene
list, which generally includes common phenocopies 
such as Fabry disease

HCM in the setting of other multisystem disease can 
represent various clinical diagnoses and targeted 
panel testing might result in delayed diagnosis and 
appropriate management

Syndromic Consider syndrome-specific panel on the basis of clinical
features (ie, Noonan syndrome) vs WES/WGS

DCM nonsyndromic DCM targeted gene panel † vs broad cardiomyopathy 
panel †

There is substantial phenotypic and genotypic overlap 
observed in patients with DCM. Smaller DCM-
specific panels might result in missed diagnosis, 
whereas larger panels might result in increased 
identification of variants of uncertain significance. 
Testing strategy should take unique clinical 
presentation into consideration to ensure coverage 
of all relevant genes.

ARVC
Meets task force diagnostic criteria ARVC targeted gene panel † vs broad cardiomyopathy 

panel
Only a small number of genes are associated with 

ARVC, as defined by the 2010 Task Force 
diagnostic criteria. There is increasing evidence for 
more diverse genetic etiologies of arrhythmogenic 
cardiomyopathies that affect one or both ventricles. 
With the exception of a clear ARVC diagnosis that 
meets 2010 Task Force criteria, broad 
cardiomyopathy testing should be strongly 
considered

Arrhythmogenic cardiomyopathy Broad cardiomyopathy panel

Other cardiomyopathies; restrictive 
cardiomyopathy, LVNC

Targeted gene panel (ie, LVNC panel) vs broad 
cardiomyopathy panel

The genetic contributions to these conditions are not 
well understood and very few genes have been 
strongly or definitely associated with disease. In the 
absence of additional clinical features (ie, left 
ventricular systolic dysfunction in LVNC), the 
value of genetic testing should be carefully 
considered

Brugada syndrome* Targeted Brugada testing - SCN5A only SCN5A is the only gene definitely associated with 
Brugada syndrome, to date.

LQTS
Unequivocal or borderline

diagnosis*
LQTS targeted panel † Targeted genetic testing for clinically confirmed 

LQTS is relatively high (approximately 75%) and
in individuals who are highly suspected to have 
LQTS, mall panel testing is generally suggested 

Rare inherited arrhythmia syndromes might present 
with prolonged QT, sometimes in addition to other 
cardiac and noncardiac features. In cases of unusual 
electrocardiogram findings, broad panel 
encompassing additional arrhythmia syndrome 
genes might result in a higher diagnostic yield 

In populations with known high risk of LQTS, 
targeted testing of known variants that increase risk 
might be considered first

Prolonged QT with other unusual 
cardiac presentation and/or 
syndromic features

Broad arrhythmia panel

SQTS* SQTS targeted panel † SQTS is an extremely rare inherited arrhythmia with a 
small number of associated genes (Walsh/Adler - 
SQTS gene curation). Broad panels are likely to 
identify variants of uncertain significance in genes 
not relevant to clinical presentation

CPVT* CPVT targeted panel † CPVT is defined by specific diagnostic criteria and 
targeted panels now typically include genes that 
result in phenotypic overlap with relevant inherited 
arrhythmia syndromes (ie, LQTS). Broad panels are 
likely to identify variants of uncertain significance 
in genes not relevant to clinical presentation, but 
might be considered in cases with atypical features 
although referral to inherited arrhythmia specialists 
is suggested in these circumstances
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For more than 2 decades, the study of genes that 
contribute to long QT syndrome, aortopathy, cardiomyopa-
thy, hypercholesterolemia, congenital heart disease, and other 
cardiology-related conditions has provided clinically relevant 
information and has become an accepted standard of prac-
tice. 2,34 Although one of the most generalizable indications 
for genetic testing is to provide the opportunity to facilitate 
genetic screening in family members of affected individuals, 
genetic test results are also increasingly important in tailoring 
medical management. For example, genetic results are 
recognized to predict the efficacy of β-blocker therapy in 
patients with long QT syndrome, 35 and influence the timing 
of intervention in patients with arrhythmogenic cardiomy-
opathies and aortopathies. 7,11,36 For example, implantable 
cardioverter-defibrillator placement is recommended sooner 
in men who carry the TMEM43 p.Ser358Leu variant because 
of the presentation of ventricular arrhythmias earlier in the

disease course. 36 It is important for clinicians to be aware of 
specific genetic variants that might be considered higher risk, 
and potentially require more aggressive management. In cir-
cumstances in which relevant therapies are primarily on the 
basis of clinical phenotype, genetic information can still 
provide important prognostic information. 37

3.1. Genetic test selection

Genetic testing is not always indicated and therefore the 
first consideration must always be appropriateness of testing 
on the basis of clinical scenario and relevant guidelines. When 
eligibility criteria have been met, the specific test selection will 
then need to be considered. Genetic testing can vary from the 
sequencing of a single variant or gene in cases of a highly 
specific clinical diagnosis, to the analysis of the entire 
genome. Depending on the test method, different types of

Table 5. Continued.

Condition Suggested genetic testing approach* Rationale

Other rare or emerging arrhythmia 
syndromes (ie, calcium release 
deficiency syndrome)

Targeted or broad panel testing † depending on clinical 
presentation

Rare and emerging arrhythmia disorders might not be 
well defined with respect to diagnosis or genetic 
etiology. Strongly consider referral to subspecialist 
with expertise in inherited heart disease

Sudden cardiac death
Survived Dependent on clinical assessment In living individuals who experienced an unexplained

cardiac arrest, genetic testing should be determined
on the basis of clinical assessment and phenotype 

Postmortem genetic testing and interpretation of 
molecular autopsy is complex. Strongly consider 
referral to multidisciplinary clinic with expertise in 
inherited heart disease.

Deceased; clear phenotype on 
autopsy

Phenotype-specific panel † 

Deceased; unexplained and/or 
negative autopsy

Broad cardiac (cardiomyopathy and arrhythmia) panel †

FH* FH targeted panel † Limited causative genes have been identified in FH 
and negative genetic test results do not exclude a 
clinical diagnosis. Polygenic factors are also 
important determinants of cholesterol, but no 
standardized testing exists to date

Aortopathy* Thoracic aortic aneurysm and dissection panel † Syndromic causes of aortopathy are easily missed 
because of variable presentation and reduced 
penetrance. Therefore, full panel testing including 
syndromic and nonsyndromic genes should be 
included for all eligible individuals

CHD Chromosomal microarray vs CHD gene panel † vs WES/ 
WGS

Genetic testing in this population can be diverse and 
highly phenotype-dependent. Strongly consider 
consulting with or referring patients to medical 
genetics clinic 

Prenatal identification of congenital heart 
malformation requires medical genetics 
involvement before decisions about fetal testing

AF There are currently no recommended genetic tests for AF For individuals with early-onset AF, especially in the 
presence of a family history of AF, consider referral 
to inherited arrhythmia specialist for assessment

In addition to cardiac presentation, clinicians need to consider other potentially relevant medical issues and family history when determining the most 
appropriate genetic test. In cases of unusual or multisystem presentations, referrals to subspecialists with relevant expertise should be considered.

AF, atrial fibrillation; ARVC, arrhythmogenic right ventricular cardiomyopathy; CHD, congenital heart disease; CPVT, catecholaminergic polymorphic 
ventricular tachycardia; DCM, dilated cardiomyopathy; FH, familial hypercholesterolemia; HCM, hypertrophic cardiomyopathy; LQTS, long QT syndrome; 
LVNC, left ventricular noncompaction; SQTS, short QT syndrome; WES, whole-exome sequencing; WGS, whole-genome sequencing.

* In instances of clear or unequivocal clinical diagnoses, targeted disease-specific panel testing is the suggested strategy.
† Targeted panels should include, at a minimum, all genes assessed to have definitive, strong, or moderate evidence to contribute to stated conditions as 

evaluated by expert consortia (https://clinicalgenome.org/, 39 https://panelapp.genomicsengland.co.uk/ 40 ), or in the absence of a related gene curation effort, 
critical evaluation of available evidence.
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genomic variation will or will not be detected. To find vari-
ation within single genes, DNA sequencing using next-
generation sequencing technologies is typically most effec-
tive. To identify larger chromosomal anomalies or rear-
rangements, cytogenetic analyses are required. It is important 
to appreciate the uses, capabilities, and limitations of each 
modality (Table 3). In addition to test selection, outlined 
below in Sections 3.1 and 3.2, practitioners should be aware 
of other common pitfalls in genetic testing, outlined in 
Figure 4.

Gene panels are currently first-line tests for most ICVC 
including cardiomyopathies, arrhythmia syndromes, thoracic 
aortic aneurysms, and familial hypercholesterolemia, 2,9-11 

whereas genome-wide sequencing (GWS), including whole-
exome and whole-genome sequencing, is quickly becoming 
the standard for patients with multisystem or syndromic 
conditions. Disease-specific guidelines and province-specific 
guidance (if available) must be considered to ensure the 
most appropriate genetic test selection in any given clinical 
scenario. In some instances, small targeted gene panel testing 
is most appropriate whereas at other times a broader approach

might be warranted. Diagnosis-specific genetic testing stra-
tegies are outlined in Table 5.

When ordering gene panels, physicians should consider 
the gene content of panels (genes that are included), which 
vary across laboratories. Panels that include more genes will 
not necessarily lead to a better diagnostic rate if a panel in-
cludes genes that are not relevant to the phenotype or have 
only limited association with a given disease. Larger panels 
also have a greater chance of returning variants of uncertain 
significance, which might lead to unnecessary downstream 
testing and anxiety for patients. 38 Genetic test selection is 
further complicated by the variable presentation of ICVC and 
overlapping phenotypes, which might not be entirely covered 
by a single panel.

Organizations including ClinGen and Genomics England 
provide frameworks for evaluating gene-disease associations, 
updated by groups of international experts and made publicly 
available. 39,40 The intent is to delineate the quality of evidence 
that link genes to specific diseases and thereby provide clini-
cians with the information they need to determine appropriate 
gene panel content for any indication. Genes are categorized as

Figure 4. Genetic testing pitfalls. Knowing the correct testing strategy is important when incorporating genetic testing into practice. Outlined are 
some common mistakes and how to avoid them. VUS, variant of uncertain significance.
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having definitive, strong, moderate, or limited evidence to 
support clinical relevance. It is, however, important to recog-
nize that reviews and consensus recommendations are 
completed at discrete time points and might not be updated 
despite the availability of new research or guidelines.

GWS for clinical use is increasingly available in Canada 
and is quickly becoming first-line testing for multisystem or 
syndromic disorders. 41 In nonsyndromic ICVC, GWS has 
been shown to inform clinical diagnoses in some panel-
negative cases. 42,43 The relative diagnostic yield of GWS vs 
panel testing in most nonsyndromic ICVC has not been well 
established.

When there is a choice, clinicians need to ensure that only 
laboratories that are accredited by recognized bodies should 
be used for clinical testing. These include Accreditation 
Canada Diagnostics, Clinical Laboratory Improvement

Amendments, and the College of American Pathologists. In 
Canada, there is marked interprovincial variability with 
respect to genetic testing availability. Certain provinces pro-
vide local institutional (in-house) clinically accredited testing, 
whereas in other provinces, international commercial labs are 
being used. The names and content of diagnostic panels are 
not standardized, and available options might be determined 
according to jurisdiction. Clinicians will need to familiarize 
themselves with regional guidance around accessing and 
ordering genetic testing.

3.2. Cardiogenetic testing and specific populations

Canada has many ancestrally diverse populations resulting 
in important considerations regarding the genetic etiology of 
several ICVC (Table 6). 44-53 Clinicians working with these

Table 6. Selected genetic cardiac and cardiometabolic conditions in Canadian founder subpopulations*

Subpopulation
Disorder name

(OMIM number) Inheritance and clinical features Gene/founder variant(s) Comments

Newfoundland and
Labrador 44

Arrhythmogenic right ventricular 
cardiomyopathy

(604400)

AD; highly penetrant ventricular 
arrhythmias and sudden death, 
progressive RV dilation and 
dysfunction, uniquely extremely 
high-risk phenotype

TMEM43/p.Ser358Leu Recommendations for early 
ICD placement in post 
pubertal men, and women 
older than 30 years

Quebec, Saguenay-
Lac-Saint-Jean 45

Familial hypercholesterolemia 
(143890)

ASD; early atherosclerosis, 
elevated low-density lipoprotein 
cholesterol, skin and tendon 
lipid deposits

LDLR/p.Trp87Gly 
LDLR/promoter_exon1 

deletion (> 15 kb)

1:90 in Quebec vs 1:300 in 
ROC

Quebec, Saguenay-
Lac-Saint-Jean 45

Familial chylomicronemia 
(238600)

AR; severe dyslipidemia and 
pancreatitis risk

LPL/p.Gly215Glu
LPL/p.Pro234Leu
LPL/p.Asp277Asn

1:60,000 in Quebec vs 
1:300,000 in ROC

Quebec, Eastern
region 46,47

Chronic atrial and intestinal 
dysrhythmia

(616201)

AR; atrial dysrhythmias, sick sinus 
syndrome, valve anomalies, 
chronic intestinal pseudo-
obstruction, cerebral small 
vessel disease

SGOL1/p.Lys23Glu Very rare; prevalence 
unknown

Oji-Cree, Northern
Ontario-Manitoba 48

Type 2 diabetes 
(142410)

ASD; susceptibility to early onset 
of diabetes with increased risk of 
myocardial infarction, stroke, 
and PAD

HNF1A/p.Gly319Ser Heterozygotes and
homozygotes have two-
and fourfold higher 
diabetes risk, respectively

Alberta Hutterite
Brethren 49

Nonischemic cardiomyopathy with
ataxia syndrome (also called 3-
methylglutaconic aciduria type V) 

(610198)

AR; early-onset nonischemic 
cardiomyopathy, growth failure, 
cerebellar ataxia

DNAJC19/c.130-1G>C Mainly in Dariusleut sect

Alberta Hutterite
Brethren 50

Arrhythmogenic right ventricular
cardiomyopathy 11 

(610476)

AR: severe arrhythmogenic right 
ventricular cardiomyopathy; 
there might be biventricular 
cardiac aneurysms, arrhythmias. 
AD: milder phenotype

DSC2/p.Gln554X Found in Dariusleut and
Lehrerleut sects

Gitxsan First Nation,
Northern British 
Columbia 51-53

Long QT syndrome 1 
(607542)

AD; increased susceptibility to 
long QT syndrome, decreased 
slow delayed rectifier K + 

currents

KCNQ1/p.Val205Met 
KCNQ1/p.Leu353Leu † 

ANK2/p.Ser646Ser †

1:125 in Gitxsan vs 1:2000 
in ROC; successful model 
of community-based 
research and clinical care 
delivery

AD, autosomal dominant; AR, autosomal recessive; ASD, autosomal semidominant; ICD, implantable cardioverter-defibrillator; MIM, Online Mendelian 
Inheritance in Man; PAD, peripheral artery disease; ROC, rest of Canada; RV, right ventricular.

* Other founder variants are enriched in certain geographic regions in Canada, which are encountered in clinical practice but have not yet been widely 
publicized or reported.

† Considered to be modifier variants.
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populations might wish to take this into consideration, while 
recognizing the benefits and limitations associated with tar-
geted genetic testing.

3.3. Molecular autopsy in individuals with sudden 
cardiac death

Sudden cardiac death (SCD), defined as sudden natural 
death of presumed cardiac cause, is a catastrophic event that 
can serve as the first clinical manifestation of heart disease. 
Although ischemic heart disease is the predominant cause of 
SCD in older adults, genetic cardiomyopathies, channelo-
pathies, and aortopathies are more frequently observed 
among younger individuals. 54-57 Sudden death is not, in 
and of itself, a specific diagnosis or phenotype, however, 
because of the significant potential for an underlying genetic 
etiology, it is essential that autopsy evaluations are con-
ducted for initially unexplained SCD. Not only is this 
important for identifying the cause of death but also to 
ensure that when appropriate, family members receive 
appropriate screening and counselling. 58,59 Although most 
SCD in young persons (younger than 35 years) is caused by 
inherited cardiac disease, it also accounts for a significant 
percentage in individuals aged 36-49 years. The prevalence 
in cases in older adults (older than 50 years) remains poorly 
understood. 60

A notable percentage of SCD cases remain unexplained, 
and molecular autopsy has been shown to increase diagnostic 
yield when combined with a comprehensive autopsy. 57,61 

Molecular autopsy, defined as genetic testing performed on 
DNA extracted from retained tissue or blood samples from 
the deceased, is valuable when autopsy findings suggest a 
possible genetic condition, when autopsies yield no definitive 
cause, or in select cases when an autopsy is not available. In 
cases in which cardiomyopathy or aortopathy is identified, 
genetic testing can clarify the underlying etiology and facili-
tate genetic testing of first-degree relatives. 62-66 Because of the 
increasing recognition of concealed cardiomyopathies, cur-
rent guidelines advocate for combined arrhythmia and car-
diomyopathy panels in cases of unexplained SCD. 61 When 
genetic testing yields no pathogenic findings, first-degree 
relatives are still recommended to undergo clinical screening 
in line with best practices, because detailed investigations of 
first-degree relatives can result in a diagnosis of inherited 
cardiac disease in 20%-50% of families. 60,61 Other condi-
tions such as coronary artery disease might have a hereditary 
component and could be candidates for postmortem testing 
in the future to enable screening of family members.

Molecular autopsy programs are complex and require a 
system-wide multidisciplinary approach to case acquisition, 
biobanking, consent, testing, family screening, and manage-
ment. There are a number of molecular autopsy programs 
established in Canada that range from local practice to pro-
vincial protocols. Establishing robust molecular autopsy 
programs in Canada requires significant investment in 
infrastructure and the establishment of tightly integrated 
multidisciplinary networks. The creation of centralized bio-
banks are critical for storing and accessing DNA samples for 
genetic testing in SCD cases and are recommended in the 
American College of Medical Genetics and Genomics recent 
guidelines. 61 Ideally, comprehensive and standardized

processes will be developed with regional coroners and 
medical examiners to enable access to and consent for post-
mortem testing and the timely return of results in an equi-
table and compassionate manner.

3.4. Polygenic risk scores

Polygenic risk scores (PRS) quantify an individual’s ge-
netic risk for a trait or disease on the basis of the cumulative 
effect of multiple genetic variants. PRS can be generated 
using microarray or next-generation sequencing data and 
require extensive postprocessing, including adjustments for 
population stratification and ancestry (Table 3). PRS for 
cardiovascular conditions show great promise for clinical 
application, and some North American commercial labo-
ratories are reporting these for coronary artery disease risk 
and cardiomyopathy, and the American Heart Association 
has advocated for its future implementation. 67 However, 
PRS for most cardiovascular disorders should currently be 
considered as research tools that are not ready for routine 
clinical use. 68

4. Informed Consent and Family Care
Key messages for physicians and allied health care 

providers:

• Ordering cardiogenetic testing must be accompanied 
by a thorough discussion with patients regarding the 
potential implications, benefits, and limitations of 
genetic testing before initiating the process. General 
guidance is outlined in Figure 5 but can be tailored to 
test indication and clinical circumstance. Clinicians 
are advised to reflect on their current genetics 
knowledge and clinical expertise as well as the ca-
pacity to have these conversations with respect to 
time commitment, before deciding whether genetic 
testing should be arranged directly or via referral to a 
cardiogenetics expert.

• In Canada, the primary responsibility for commu-
nicating genetic risk to family members falls directly 
to patients. When ordering genetic testing, a clear 
strategy should be developed to assist patients in 
communicating genetic risk information to at-risk 
relatives, and ensure that appropriate clinical 
screening and genetic testing is accessible.

• Predictive genetic testing in unaffected relatives of an 
individual who carries a pathogenic or likely patho-
genic variant, often referred to as cascade genetic 
testing, should be facilitated by referral to expert 
cardiogenetics teams, which include qualified genetic 
counsellors (see section 5.1).

• Patients with ICVC who are considering family 
planning should be referred to specialized centres for 
reproductive risk counselling, inheritance education, 
and exploration of available reproductive options.

Providing patients with a comprehensive understanding of 
the potential outcomes and implications of genetic test results 
is essential for the successful integration of genetic testing into 
clinical practice. The nature of these discussions varies 
depending on indication for testing and clinical scenario,

2324 Canadian Journal of Cardiology 
Volume 41 2025



however, key elements have been identified to maximize pa-
tient adaptation and improve outcomes. These include dis-
cussions about the utility and limitations of genetic testing, 
certainty of results, and communication of potential risks to 
family members (Fig. 5). 69

4.1. Pretest genetic counselling and informed consent

In addition to helping patients understand the risks, 
benefits, and limitations of a given test, pretest counselling 
also prepares patients for potential test results, and ad-
dresses associated psychosocial factors. Access to qualified 
genetic counsellors in Canada is currently limited. Clini-
cians who offer routine genetic testing for straightforward 
indications can become familiar with the important con-
siderations to provide pretest education and consider 
referral to centres with dedicated genetic counsellors in 
more complex scenarios. These considerations vary 
depending on whether the patient is the index case (the 
first affected family member to undergo genetic testing) or 
an unaffected family member undergoing predictive genetic 
testing (Fig. 5).

Genetic testing of unaffected relatives for known familial 
variants is often referred to as cascade genetic testing. Pretest 
genetic counselling with a qualified genetic counsellor is

generally suggested for patients who undergo cascade genetic 
testing. Of particular importance in this group is a discussion 
about the potential for genetic discrimination. Canada has a 
genetic nondiscrimination act, to prevent employers and in-
surers from accessing genetic testing results, however, there 
are certain limitations such as the possibility of collecting 
nongenetic data about family history, and current health 
status, which might lead to discrimination nonetheless. 70 

There might also be different psychological and emotional 
considerations for individuals with positive genetic findings 
in the absence of a clinical diagnosis, and these should be 
considered as important components of informed consent for 
predictive genetic testing. 2

Genetic testing for children is approached in a different 
manner than testing adults and depending on age and ca-
pacity, children might be unable to consent for themselves. In 
children, the benefit of knowing the genetic status is weighed 
against their right to privacy and autonomy. 71 Knowledge 
about local legislation is important, because age at the time of 
consent for genetic testing varies, and might precede age at
majority.

Predictive testing of unaffected children is usually rec-
ommended for children at risk of conditions that are 
actionable in childhood, for whom detection and

Figure 5. Pretest education and genetic counselling considerations. Generally recommended information to be included in pretest education 
and/or genetic counselling are shown. 2,16 GNA, genetic non-discrimination act. * For predictive testing in unaffected individuals, consider referral 
for formal genetic counselling via medical genetics or inherited heart conditions specialty clinic.
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subsequent treatment could improve prognosis. This is 
relevant for many cardiac genetic conditions that carry a risk 
of morbidity and mortality at young ages. Implications of 
predictive genetic testing should be covered and tailored to 
the level of comprehension of the child, if present. Shared 
decision-making is recommended to determine the most 
appropriate timing for testing. 71-74 Because of these unique 
considerations, referrals to a pediatric cardiogenetic 
specialist might be most appropriate for facilitating genetic 
testing in children.

4.2. Caring for families

When an individual is diagnosed with any of the ICVC, 
communication to family members regarding recommenda-
tions for cardiac screening and the availability of genetic 
testing is paramount. If a likely pathogenic or pathogenic 
(LP/P) gene variant is identified (see section 5.1), cascade 
genetic testing is available to at-risk family members. In the 
absence of a significant genetic finding, clinical screening for 
relatives is disease-dependent and should be managed on the 
basis of published guidelines. 6-11

Every province in Canada has laws that prohibit the 
disclosure of health information without informed consent. 75 

Consequently, the primary responsibility for communication 
about genetic risk falls directly to patients. Documented 
factors that facilitate family communication and cascade 
testing include pre- and post-test genetic counselling, edu-
cation of at-risk family members in specialized clinics, and 
provision of written material in the form of a family letter 
that can be shared with at-risk relatives (Supplemental 
Appendix S3). 76-78 Conversely, low perceived personal risk 
has been identified as a barrier to coming forward for testing 
and/or screening, and thus education about risk is critical in 
disseminating accurate information to family members. 79

Cascade testing in Canada has particular and unique 
challenges. In many jurisdictions, a medical referral is 
required to initiate care, potentially resulting in lengthy de-
lays. When possible, self-referrals from at-risk family mem-
bers should be considered to alleviate barriers to access, 
particularly because of a shortage of primary care providers in 
some regions. Canada’s large geographical area and provincial 
differences in accessibility of clinical screening and/or genetic 
testing can result in additional barriers to access. This in-
cludes not only proximity or physical access to a specialized 
centre, but also discrepancies between provincial health 
ministries with respect to accessing genetic testing.

To reduce some of these barriers, clinicians are encouraged 
to request that patients sign a release of information form at 
the time of results disclosure to aid in sharing information 
across centres for at-risk family members. Providing patients 
with a copy of their own genetic test results can also reduce 
barriers to access because individuals can share these directly 
with family members.

4.3. Family planning options

Discussions about reproductive risks can be emotionally 
charged, and the implications of decreased penetrance and 
variable expression are complex. Although the presence of a 
LP/P variant indicates an increased risk for a specific condi-
tion, it often provides limited prognostic information. In

addition, before pursuing genetic testing in this context, it is 
critical that there is sufficient evidence that the variant is 
causative for the cardiac condition in question.

Historically, invasive prenatal testing including amnio-
centesis or chorionic villus sampling has been the most 
accessible option to investigate the possibility of genetic 
causes when fetal anomalies (including congenital heart de-
fects) are present or can be used for single-gene testing of a 
fetus who is at risk for a known familial pathogenic variant. 
Both are widely available but are performed at different stages 
of pregnancy, and are associated with small risks of 
procedure-related pregnancy loss. 80 Prenatal testing is avail-
able across Canada and should include an informed discus-
sion and support. 81

Preimplantation genetic testing (PGT) involves genetic 
testing on embryos for the purpose of identifying embryos 
with a monogenic disorder or aneuploidy. 82 PGT for ICVC 
offers an opportunity for families to greatly reduce the risk of 
conceiving a child with the familial condition. However, 
provincial funding for in vitro fertilization and/or PGT varies 
and personal costs for patients can be substantial.

Referral to centres that specialize in reproductive risk 
counselling and testing is generally encouraged for families 
interested in prenatal diagnosis or PGT so they can be pro-
vided with the most accurate information. In addition, it is 
recommended that individuals diagnosed in childhood be 
referred for genetic counselling when transitioning to adult 
care to review inheritance and family planning options.

5. Results and Follow-up
Key messages for physicians and allied health care 

providers:

• Not all genetic variants are disease-causing. Variants 
of uncertain significance or those that lack robust 
evidence to link them to a clinical phenotype should 
generally not be incorporated into clinical decision-
making or family management (Fig. 6).

• Determinations of the pathogenicity of a genetic 
variant, or variant interpretations are probabilistic 
and can change over time; periodic reassessment by 
cardiogenetics experts or testing laboratories is 
recommended.

• When ordering cardiogenetic testing, one must be 
knowledgeable about secondary (incidental) findings 
and have strategies in place to ensure patient access to 
appropriate specialists and genetic counselling when 
such findings arise. 83,84

5.1. Interpreting genetic testing

The American College of Medical Genetics and Geno-
mics/Association for Molecular Pathology guidelines are the 
global standard for classification of genetic variants in Men-
delian (single-gene) disorders. 85,86 The interpretation and 
classification of genetic test results are considered probabilistic 
and can change over time. There are 5 classification categories 
(pathogenic, likely pathogenic, variant of uncertain signifi-
cance [VUS], likely benign, and benign), which are on the 
basis of the probability of pathogenicity as determined ac-
cording to numerous pieces of evidence. For a variant to reach
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a classification of likely pathogenic, there must be sufficient 
evidence that the probability of pathogenicity is at least 90%. 
Similarly, there must be < 10% probability of pathogenicity 
for a variant to reach a classification of likely benign. 85 Likely 
benign variants are generally considered to be of little or no 
clinical significance and are often not reported. Any variant 
that has a 10%-90% probability of pathogenicity is consid-
ered to be of uncertain significance and must be interpreted 
with caution in the context of each patient’s unique clinical 
picture. Depending on the testing lab, not all VUS are
reported.

Despite the availability of published guidelines, clinicians
should be aware of bias, and the subjective nature of genetic
interpretation, which can result in discrepant reporting across 
sites. 87-89 Although publicly available resources including

ClinVar (https://www.ncbi.nlm.nih.gov/clinvar/) exist to 
help navigate these challenges, it is imperative that genetic 
test results be reviewed critically, repeatedly over time, and 
always in the context of the clinical condition. In some cir-
cumstances, interpretation of genetic results can be compli-
cated, and might benefit from a multidisciplinary approach 
involving cardiologists and genetics professionals to ensure 
accurate and meaningful conclusions. 90

Although genetic test interpretation can present chal-
lenges, providers should be reassured that results are typically 
reported in ways that are accessible and meaningful for 
nongenetics experts. However, there are some general prin-
ciples that should be applied to genetic test result interpre-
tation and their use in clinical decision-making across the 
spectrum of ICVC that can are shown in Figure 6.

Figure 6. General principles in genetic test interpretation. * Subject matter expert could include a cardiologist with expertise in inherited heart 
disease, medical genetics, endocrinology, et cetera. Referrals should be initiated as soon as genetic results are communicated with patients, to 
allow specialty clinics to triage according to urgency.
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5.2. Ongoing reevaluation of genetic findings

Because of the ongoing evolution of available evidence, the 
interpretation of genetic test results might change over time, 
potentially requiring repeated contact with patients and 
families to provide and explain updated results. 83 Various 
studies on the frequency of variant reclassifications in car-
diomyopathy and arrhythmia genes have shown significant 
pathogenicity reassignments over time. 91,92 When down-
graded from LP/P variants to VUS, clinicians might need to 
contact patients and family members previously discharged 
from clinical care on the basis of what were believed to be 
informative negative genetic test results. For variants upgra-
ded to LP/P, contact with family members needs to be 
established to initiate cascade genetic testing. 93,94 Clinical 
reassessment is a critical component of cardiogenetic follow-
up, because the progression or evolution of clinical findings 
can alter the pre- or post-test probability of a genetic diag-
nosis, and might require additional or expanded testing. 95

The reevaluation process poses several challenges including 
a lack of clarity regarding responsibility, suggested frequency 
for variant reassessment, and the need for additional re-
sources. Molecular diagnostic laboratories might on occasion 
provide updated reports on the basis of new evidence, how-
ever, this is not universal. Nonetheless, labs remain a valuable 
resource and are generally willing to reassess reported variants 
when contacted by clinicians.

5.3. Managing secondary findings

A secondary finding refers to a result obtained from ge-
netic testing that is unrelated to the indication for testing, but 
believed to be of medical value for patient care. 83,84 Current 
guidelines include recommendations for reporting of sec-
ondary findings in 81 disease-related genes, including 38 
genes associated with cardiovascular disease, as well as other 
genes related to hereditary cancer syndromes and inborn er-
rors of metabolism. 84

Because of the increasing clinical implementation of 
whole-exome and whole-genome sequencing, secondary 
findings are becoming more prevalent, and clinicians who 
incorporate genetic testing into their practices are encouraged 
to familiarize themselves with related guidelines. When 
ordering genetic testing, providers will need to recognize that 
secondary findings might be reported in genes associated with 
conditions that are unfamiliar or outside of their expertise. 
Appropriate follow-up will involve referring patients to a 
medical genetics team or an appropriate specialist to ensure 
appropriate risk assessment, follow-up, and cascade screening 
(Fig. 2). In addition, there are important considerations with 
respect to pretest education, informed consent, and the right 
to opt out of having secondary findings reported. 84,96

5.4. Proactive genetic screening and/or direct-to-
consumer genetic testing

Proactive genetic screening refers to genetic testing in 
healthy individuals with the intention of identifying genetic 
variants associated with hereditary disorders. Theoretically, a 
significant advantage of this approach is its ability to detect 
at-risk individuals before clinical symptoms emerge, to facil-
itate early interventions that can prevent disease progression

and/or manage associated risk. In Canada, this is not covered 
by provincial health services, however, is increasingly available 
for a fee to individuals who are willing to pay privately. In 
some instances, patients can access testing directly from 
commercial genetics labs, without primary physician 
involvement (also known as direct-to-consumer [DTC] 
testing). Some studies have shown that up to 6% of in-
dividuals who participate in proactive genetic screening have 
a clinically significant finding in a gene associated with one or 
more ICVC. 97

Upon receiving a positive result, patients are likely to be 
reintegrated into the public health system for risk assessment 
and ongoing surveillance. This poses several challenges 
because the predictive value of genetic testing in this context 
remains limited because of our lack of knowledge around the 
true penetrance of many of these disorders. The interpreta-
tion of gene variants in the absence of any relevant phenotype 
or family history can also be difficult, particularly when there 
are discrepancies in the classification of an identified variant. 

The quality of the testing laboratory and the nature of the 
testing performed also needs to be taken into consideration. 
Not all DTC tests are performed in accredited labs with high 
levels of quality control, nor do they all use the same meth-
odologies. Additionally, software exists that allows individuals 
to input their raw genetic data to be reanalyzed outside the 
setting of the testing laboratory. These analyses must always 
be interpreted with caution because they are recognized to 
provide inaccurate results. 98

Some labs offering DTC genetic testing include additional 
clinical services such as genetic counselling and patient edu-
cation resources. However, there is a residual risk that follow-
up care and genetic counselling are not comprehensive or 
integrated within the individual’s routine medical care. This 
has the potential to result in psychosocial strain and poor 
health outcomes.

As these testing options become more widely available, 
cardiologists will need to be increasingly aware of how to 
interpret and manage these types of results. Consulting with 
or referring to a subspecialist with expertise in ICVC might 
be helpful, however, some thought will need to be given to 
this issue to determine appropriate resource allocation.

6. Future Planning and Policy-making
As genetic testing becomes increasingly standard across the 

spectrum of cardiac care, there are important considerations 
for health systems and policy planning. Ongoing discussion 
with health policy organizations will be critical to ensure 
accessible and equitable care for patients affected by ICVC 
across all regions of Canada and should take the following 
issues into consideration.

• Build a robust cardiovascular genetics workforce: 
integration of genetic testing into health care requires 
specific knowledge and expertise, and the risks asso-
ciated with misuse of this information can be sig-
nificant. To provide patients with the appropriate 
care, health organizations should consider how to 
train and retrain physicians (cardiologists, medical 
geneticists), genetic counsellors, other allied health 
professionals, and laboratory staff with expertise in
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cardiovascular genetics, to meet the growing demand 
for cardiogenetic testing and management.

• Integrate genetic testing into cardiovascular care path-
ways: embed cardiogenetic testing into clinical work-
flows for patients with inherited or suspected ICVC to 
facilitate early diagnosis and targeted treatment.

• Specialty training and ongoing CME: medical training 
in clinical genetics is recognized to be lacking in un-
dergraduate medical school curricula across North 
America, leaving physicians underprepared and un-
comfortable with incorporating genetics into routine 
clinical practice. 99-101 Medical training programs 
should be encouraged to revisit current standards to 
increase awareness within the community of inherited 
disease and genetic testing. Professional societies are also 
encouraged to consider offering new CME-accredited 
programs focused on cardiogenetics to increase ge-
netics literacy across the spectrum of cardiac disease.

• Electronic medical records (EMRs): EMRs can 
revolutionize cardiogenetic testing by integrating 
genetic results directly into patient profiles, and 
enabling automated risk stratification, tailored treat-
ment plans, and early disease detection. Pharmaco-
genomic data can be embedded to optimize 
medication choices, such as adjusting drug selection 
and dosing. EMRs can also facilitate cascade 
screening by linking affected individuals with family 
members, generating automated alerts for genetic 
counselling and follow-up testing. Furthermore, in-
tegrated pedigree charts can visually track inheritance 
patterns, improve family risk assessments, and 
streamline referrals.

• Interdisciplinary collaboration: in Canada’s current 
health system there are many barriers to providing 
the requisite multidisciplinary and collaborative care 
required for families with ICVC. There might be no 
clearer example of this than the varied protocols 
around sudden death events. National committees or 
task forces to bring together experts across disciplines 
to develop national best practices, strategies, and 
quality assessment and improvement initiatives will 
be essential in ensuring at-risk family members 
receive the required care.

• Establish national cardiogenetic registries and quality 
assurance programs: create a centralized registry for 
genetic and clinical data to monitor outcomes, 
facilitate research, and guide policy decisions while 
ensuring patient privacy and data security. Introduce 
standards for genetic laboratories and regular audits 
to ensure accuracy, reliability, and uniformity of test 
results across the country.

• Enhance access and equity: address disparities in ac-
cess to genetic testing for underserved populations, 
including rural, Indigenous, and low-income groups, 
by subsidizing costs and leveraging telemedicine.

• Focus on cost-effectiveness and resource allocation: 
conduct health economic evaluations to prioritize 
testing for high-risk populations and conditions for 
which early intervention can lead to significant cost 
savings and improved outcomes. Sustainable funding 
will be crucial to support the integration of

cardiogenetic testing into routine clinical care and 
molecular autopsy into SCD investigations across 
Canada.

• Promote public and professional awareness: launch 
educational campaigns for the public and health care 
providers to increase awareness of ICVC and the 
benefits of genetic testing.

• Support research and innovation: invest in research 
to identify new genetic variants, develop advanced 
testing technologies, study implementation policies 
and practices, and evaluate the long-term effects of 
cardiogenetic testing on patient outcomes and pop-
ulation health.

Closing Remarks
Genetic testing for ICVC is no longer confined to a small 

percentage of patients but rather is increasingly indicated 
across the spectrum of cardiac disease. Although genetic 
testing has historically been accessed through highly special-
ized cardiology and genetics clinics, this traditional model is 
unsustainable, necessitating an evolution of service delivery 
and health systems planning. Differentiating patients for 
whom genetic testing in their primary cardiac care setting is 
appropriate from those who might require referrals to sub-
specialists will be key to best practices. Practitioners who are 
motivated to incorporate genetic testing more routinely into 
their practices are encouraged to reflect on their clinical 
expertise and genetics knowledge, consider additional 
educational, and to thoughtfully plan how to manage the 
nuances of genetic test selection, interpretation, and man-
agement. For health systems, ongoing discussions and plan-
ning for increased cardiovascular genetic testing demand is 
paramount.
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