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World-Class Cardiovascular Research & Education 

Monday, September 14 – 7AM CDT 
in the MHIF Learning Center

Director, Joseph F. Novogratz 
Family Heart Rhythm Center

Pierce International Scholar 
Joseph F. Novogratz Family 
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Genes, Rhythm, and 
Risk: Inside 
the Genetic 
Arrhythmia and 
Cardiomyopathy 
Center

Allison Berg, MS, CGC

Kerollos Abdelsayed, MD

Jay Sengupta, MD

Edwin Zishiri, MD

David Lin, MD

Agenda

• History of the Genetic Arrhythmia and 

Cardiomyopathy Center (GACC)

• Genetics Refresher

• Genetic Counseling at MHI

• Genetic test results

• Case examples from the Genetic Arrhythmia 

and Cardiomyopathy Center
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Learning Objectives

Participants will:

• Recognize patients who may benefit from genetic counseling and testing

• Understand benefits and limitations of genetic testing 

• Appreciate the complexity of genetic test results and the implications for patients and their 
family members

• Recognize the importance of a team approach to inherited cardiac conditions

• Lessons from the Genetic Arrhythmia and Cardiomyopathy Center (GACC)

Genetics Refresher

Estimated 20,000 genes

• Small portion characterized

Two copies of every gene – paternal gene 

and maternal gene

Genetic Terminology

• Penetrance

• Variable expressivity
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Inheritance
Dominant

Recessive

X-linked

Common Indications for Cardiovascular Genetic Testing

Non-ischemic 
cardiomyopathy 

Arrhythmogenic 
cardiomyopathy 

(ARVC)

Family or personal 
history of SCD/SCA ATTR Amyloidosis

Family history of 
gene mutation

Concern for 
inherited arrhythmia 

Aortic 
aneurysm/dissection Hyperlipidemia 
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2022 Consensus Statement on Genetic Testing for Cardiac Diseases

Wilde AAM, Semsarian C, Márquez MF, et al. European Heart Rhythm Association (EHRA)/Heart 
Rhythm Society (HRS)/Asia Pacific Heart Rhythm Society (APHRS)/Latin American Heart Rhythm 
Society (LAHRS) Expert Consensus Statement on the state of genetic testing for cardiac diseases. 
Europace. 2022;24(8):1307-1367. doi:10.1093/europace/euac030

Genetic 
Arrhythmia and 
Cardiomyopathy 
Center (GACC)

• Patients with suspected or confirmed diagnosis of inherited cardiomyopathy or arrhythmia

• Team approach

• Physician consultation 

• EP and advanced heart failure backgrounds

• Genetic counseling and testing

• Imaging 

• cMRI and echocardiogram

• Advanced imaging specialists

• Cardiac rhythm monitoring

• Research

• Heart Rhythm Science Center 

• GACC Registry

• Opportunity for family members to be evaluated together

• Longitudinal screening and follow up

• Collaborative review

• Post-Mortem genetic testing

• Sudden cardiac arrest network (Children’s Heart Clinic)

• Jesse Edwards
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Genetic Counseling 
Visit: Pre-Test

• Family History

• SCD, SCA, syncope, seizures, stillborn, muscle weakness, ancestry, 
pacemaker/ICD, MI

• Determine most appropriate gene panel based on personal and family histories

• Potential results

• Positive

• Negative

• Uncertain

• GINA – Genetic Information Nondiscrimination Act

• Limitations

• Negative result does not eliminate a genetic etiology or suspected clinical 
diagnosis

• Insurance coverage

• Sponsored testing options

• Sample collection – blood, saliva, buccal

Genetic Counseling 
is Essential

• Many misconceptions about genetic testing

• Address concerns regarding privacy

• Elicit family history details that may suggest diagnosis

• Discuss family member recommendations

• Interpret complex results

• Knowledge of genetic specific resources/databases
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Genetic Testing Yield (pathogenic or likely pathogenic)

Cardiomyopathies

• HCM 30%-60%

• Arrhythmogenic cardiomyopathy 40%-60%

• Dilated cardiomyopathy 20%-35%

Channelopathies

• Long QT syndrome 60%-75%

• CPVT 60%-65%

• Brugada 20%-25%

Aortopathies 20%-40%

Lipidemias 20%-95%

** Yield will be higher with earlier age of onset and significant family 
history. 

** Yield is also likely higher for patients seen in GACC because of 
available resources and multidisciplinary approach.

Gene Variant Classification
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2015 ACMG Guidelines 
for the Interpretation of 
Sequence Variants

• Several factors are considered to determine 

variant classification

• These are all factors a genetic counselor will 

consider when reviewing a patient’s result

Richards  et al; ACMG Laboratory Quality Assurance Committee. Standards and guidelines for the interpretation of sequence variants: a joint consensus recommendation of the 

American College of Medical Genetics and Genomics and the Association for Molecular Pathology. Genet Med. 2015 May;17(5):405-24. doi: 10.1038/gim.2015.30. Epub 2015 Mar 

5. PMID: 25741868; PMCID: PMC4544753.

Genetic Test Result

• Pathogenic or likely 
pathogenic variant

• Diagnostic (or carrier 
status)

• Helps guide management
• Gene Therapy Trials
• Family member testing

Positive 

• Reduces the likelihood 
of genetic etiology

• Clinical screening for 
first degree relatives

• Repeat genetic testing 
in 3-5 years

Negative 
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• Can not determine 
pathogenic vs benign

Lab has limited 
data regarding a 
specific variant

• “Limited evidence 
genes”

Variants and 
genes (GUS) can 

be uncertain

• Results would not alter 
screening 
recommendations

DO NOT test 
unaffected family 

members for 
VUS

• Genetic Arrhythmia and 
Cardiomyopathy Center 
will often do this

Occasionally, 
testing of 

AFFECTED family 
members can 
help support 
pathogenicity

Exome or Genome 
Sequencing

• Considered if multiple family members affected and standard gene panels 

are nondiagnostic.

• Most informative if trio

• Yield is low in cardiology
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Epigenetic 
Testing

• Used to predict risk by 
analyzing molecular 
modifications that accumulate 
or change over time

• Might predict early disease 
before other labs or imaging 
studies can detect it

• Nondiagnostic

20 year experience 
of GACC

850 patients
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20 year experience 
of GACC

Introduction of genetic 
counselling in 2017

Case Example 1

• Presented to ED at 36 yo

with anxiety and 

palpitations

• Dx with HCM (vs 

hypertensive LVH), a fib, 

HTN and type 2 diabetes

• SCA at 37 yo, ICD placed

• Prolonged QT interval 

during admission
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cMRI
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Franklin.genoox.com

ABCC9 Gene

The ABCC9 gene is associated with autosomal dominant Cantu syndrome and dilated cardiomyopathy (DCM) and with autosomal recessive 
intellectual disability and myopathy syndrome. Additionally, the ABCC9 gene has preliminary evidence supporting a correlation with autosomal 
dominant Brugada syndrome.

Cantu Syndrome

• Congenital hypertrichosis

• Craniofacial dysmorphic features

• Cardiac features

• Increased ventricular mass – persistent through life and may progress to heart failure

• High‐output hypertrophy caused by low systemic vascular resistance, and the potential 

for progression to high‐output heart failure.

• PDA

• Dilated aortic root and ascending aorta

• Pericardial effusion

https://doi.org/10.1161/JAHA.122.027363 Cantú Syndrome - GeneReviews® - NCBI Bookshelf
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Case Example 2
• 19 yo male presented to GACC with history of SCA at age 16 , cardiomyopathy 
• Mom and several maternal family members with cardiomyopathy
• Brother died suddenly at age 19
• Previous genetic testing performed at another facility 

• RYR2 variant in 2016 
• DSP uncertain variant 2019

• family was in the process of tracking the variant and considering Exome/Genome sequencing
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Family History

Obtained hospital 
records – biochemical 
studies suggested PPA

Family History is 
Essential

1. Mennonite

2. Consanguinity

3. Review of family records

*Consideration of these important 
clues lead to diagnosis of Propionic 
Acidemia, which would not have 
been diagnosed by the 
Comprehensive Arrhythmia and 
Cardiomyopathy Gene Panel. 

Mom had a separate genetic 
cardiomyopathy - DSP pathogenic 
gene variant identified on 
Comprehensive Panel
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Case Example 
3
35 yo with possible ARVC

Frequent PVC’s

BAV

Father with hx of heart transplant 
in his 30’s
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Case Example 
3 
Father’s explanted heart pathology
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Case Example 
4

- 66 yo male presents to GACC 
with hx of SCA

- Brugada pattern

- Genetic Testing revealed 
SCN5A pathogenic variant

- Cascade testing 

Female with SCN5A 
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Male with SCN5A

Case Example 5
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The Future of Cardiovascular Genetics

ClinicalTrials.gov
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