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1. Review the genetic causes of heritable thoracic aortic aneurysm 
disease

2. Demonstrate how timely genetic testing can direct patient care and 
decrease mortality by impacting surveillance, type & timing of aortic 
surgery and medical treatments

3. Review the limited data on the genetics of bicuspid aortic valve 
disease and identify some of the “high risk” markers
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Proteins Involved 
in TGFβ

signaling pathway

TGFβR1, TGFβR2, SMAD3
TGFβ2, TGβ3

Proteins  involved in 
smooth muscle 

contraction

ACTA2, MYH11, PRKG1, MYLK

Extracellular matrix proteins

FBN1, LOX, COL3A1
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Clinical Presentation By Gene
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Broad or bifid uvula
Retrognathia
Hypertelorism
MSK contractures
Cervical spine instability
Arterial tortuosity
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MJ 25 JJ 21 JN 20 JJ 16 BJ 14 BJ 11 EJ 8

*
25 y
1989

29 y
1994

24 y
1998

39 y
2010

Medical History
Aortic dissection from AAo to iliac bifurcation s/p Bentall (1998)

Recurrent bowel obstructions
Recurrent “TIAs” 



Mother

❖ CVA at 40 with no risk 
factors 

❖ MGF: very fit.  
Unexplained sudden 
death at 52 (“dropped 
dead on the living room 
floor”)

❖ MGM: Parkinson’s 
disease, stroke late in life, 
died of brain cancer at 83 

Father
❖ Youngest of 8 children, 

none have cardiac history

❖ Died at 54 of brain cancer

❖ PGF: heart failure in mid 
80s

❖ PFM: old age, 90+



c.115C>T (p.Arg39Cys)

R139
R149
R212
R198 



ACTA2R149 Aortopathy & CAD 



Eur Heart J, Volume 44, Issue 29, 1 August 2023, Pages 2727–2729, https://doi.org/10.1093/eurheartj/ehad364

Statins suppress atherosclerosis In ACTA2 R149 Mice

https://doi.org/10.1093/eurheartj/ehad364


2022 ACC/AHA guideline for the diagnosis and management of aortic disease J Thorac Cardiovasc Surg 2023 Jun 28

2022 Aortic Guidelines For Genetic Testing



Genetic Testing



Aortopathy Team 



Surgical Recommendations
COR Genetic Variant High Risk Features* Aortic Diameter (cm)

1 TGFBR1 No > 4.5

1 TGFBR2 No > 4.5

2b TGFBR1 Yes > 4.0

2a TGFBR2 Yes > 4.0

2a SMAD3 - > 4.5

2b TGFB2 - > 4.5

2b TGFB3 - > 5.0

2a ACTA2 No >4.5

2b ACTA2 Yes >4.2

2b PRKG1 > 4.0

*certain specific pathogenic variants, women with TGFBR2 and small body size, severe extra aortic 
Features, family history of dissection (especially at young age or relatively small aortic size, 
Aortic growth rate > 0.3 cm/year

2022 ACC/AHA guideline for the diagnosis and management of aortic disease J Thorac Cardiovasc Surg 2023 Jun 28



13 Families
BAV with TAA

6/13
>1 BAV &TAA

13/13
>1 TAA/no BAV 

7/13
>1 Aortic

DissectionLoscalzo et al.  Am J Med Genet A. 2007; 143(17)



Isolated Bicuspid Valve with BAV 
aortopathy

• 1-2% of the population
• 5% lifetime risk of aortic dissection
• Maximal site of dilation is ascending aorta
• Aortic stenosis may be present
• Associated with other left heart obstructive 

lesions
• Family history of BAV without dissection
• Genetic testing on a research basis

Isolated Bicuspid Valve with 
HTAAD gene

• 10 % of the population (TGFBR1&2, FLNA A, 
ACTA2)

• >50% lifetime risk of aortic dissection 
• Maximal site of dilation is aortic sinuses
• Aortic stenosis not present – normal functioning or 

isolated aortic insufficiency
• Family history of aortic dissection
• Genetic testing warranted



1. 20% of patients with sporadic aortic aneurysms will have a genetic basis to their 
disease

2. Genetic mutation has a greater impact than aortic size on risk of aortic dissection

3. Genetic testing can direct vascular imaging, affect timing of surgery , impact 
medical therapy and prevent death from dissection in other affected family 
members
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