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• By the end of this seminar, attendees will be able to:

• list indications for genetic testing in people who have aortic disease. 

• differentiate between syndromic aortopathies and Familial Thoracic 
Aortic Aneurysm and Dissection conditions. 

• describe how genetic testing results can modify vascular screening, 
pharmacologic management, and surgical thresholds for people with 
aortic disease.

Learning Objectives



Introduction to 
Genetic Aortopathy



Aortopathy: 
“disease of the aorta”

Definition



Classification

-FTAAD
(MYH11, ACTA2, etc)

-Marfan
-vEDS
-Loeys-Dietz



Learning Objective 1: 
Indications for genetic 
testing



• TAD and syndromic features of Marfan syndrome, Loeys-Dietz 
syndrome, or vascular Ehlers-Danlos syndrome

• Family history of either TAD or peripheral/intracranial 
aneurysms in a first or second-degree relative

• TAD presenting at age <60 years of age

Indications for Genetic Testing

2022 ACC/AHA Guideline for the Diagnosis and Management of Aortic Disease. 
J Am Coll Cardiol 2022 Dec 13;80(24):e223-e393. doi: 10.1016/j. jacc. 2022.08.004.



2022 ACC/AHA Guidelines for the Diagnosis and 
Management of Aortic Disease (Figure 17)

2022 ACC/AHA Guideline for the Diagnosis and Management of Aortic Disease. 
J Am Coll Cardiol 2022 Dec 13;80(24):e223-e393. doi: 10.1016/j. jacc. 2022.08.004.



• Physician-ordered vs direct to consumer
• Commercial vendors vs university labs
• Insurance vs self-pay
• Single gene vs gene panels

Genetic Testing Options



• Possible exclusion from military participation
• Possible denial of future life insurance applications
• Types of results:

• Positive
• Negative
• Variants of Uncertain Significance

Genetic Testing Risks



• Ordering provider must ensure that patients have access to an 
individual who can appropriately interpret results and perform 
necessary follow up (such as a genetic counselor) 

• There is strict criteria to re-classify a variant as either benign, 
likely benign, pathogenic or likely pathogenic.   

Variants of Uncertain Significance



Genetic Result Management Sequence

2022 ACC/AHA Guideline for the Diagnosis and Management of Aortic Disease. 
J Am Coll Cardiol 2022 Dec 13;80(24):e223-e393. doi: 10.1016/j. jacc. 2022.08.004.



This app contains data on 
the 13 most frequent TAAD 
genes as well as 2,286 
pathogenic mutations that 
cause TAAD. 

Variant Interpretation App

https://redcap.uth.tmc.edu/plugins/HTAD_copy/index825.php

https://redcap.uth.tmc.edu/plugins/HTAD_copy/index825.php


Family Implications

• In all individuals with positive history of HTAD or pathogenic 
variant on genetic testing, screen all first-degree relatives 
(siblings, children, and parents) with echocardiogram!



Learning Objective 2:
syndromic vs 
non-syndromic aortopathies



• Syndromic HTAD 
• Marfan syndrome (FBN1)
• Loeys Dietz syndromes (TGFBR1, TGFBR2, 

SMAD3, TGFB2, TGFB3)
• Vascular Ehlers-Danlos syndrome (COL3A1)
• Arterial Tortuosity Syndrome (SLC2A10)
• Shprintzen-Goldberg Syndrome (SKI)
• LOX-related TAA (LOX)
• Smooth Muscle Dysfunction Syndrome (ACTA2)

• Non-Syndromic
• ACTA2
• MYH11
• MYLK
• PRKG1
• MAT2A
• MFAP5
• FOXE3
• THSD4

Causes of Syndromic vs Non-Syndromic HTAD

2022 ACC/AHA Guideline for the Diagnosis and Management of Aortic Disease. 
J Am Coll Cardiol 2022 Dec 13;80(24):e223-e393. doi: 10.1016/j. jacc. 2022.08.004.



Signalling Pathways involved in HTAD

Verstraeten, Luyckx, and Loeys, Nature Reviews: Cardiology. Volume 14, April 2017

Genes known to 
cause HTAD are 

denoted with 
green asterisk



• BAV is a risk factor for 
developing ascending aortic 
aneurysm. 

• BAV causes hemodynamic 
flow disturbances, resulting in 
increased wall shear stress in 
the ascending aorta.  

• Increasing evidence for genes 
that independently cause BAV.

Bicuspid Aortic Valve

Pathology specimen photos courtesy of William O’Connor, MD, 
Department of Pathology, University of Kentucky

Bicuspid Aortic Valve



Syndromic HTAD



Marfan Syndrome

Pictures provided courtesy of the National Marfan Foundation



Diagnosis of Marfan in Absence of Family History

• Ao and EL
• Ao and systemic score
• Ao and FBN1 mutation
• EL and FBN1 mutation



Loeys-Dietz Syndrome



• Requires genetic testing to identify the specific gene that 
causes each subtype

• Type 1: TGFBR1
• Type 2: TGFBR2
• Type 3: SMAD3
• Type 4: TGFB2
• Type 5: TGFB3

• Subtype diagnosis will affect surgical threshold for aortic repair
• Each subtype has a unique natural history

Diagnosis of Loeys-Dietz Syndrome



Vascular Ehlers-Danlos Syndrome (COL3A1)



Diagnosis of Vascular EDS (EDS type 4)

• Genetic basis: COL3A1 (rarely can be COL1A1)
• Minimal criteria suggestive of vEDS:

• Any of the following:
• FH of vEDS
• Arterial rupture or dissection in individuals less than 40 

years of age
• Unexplained sigmoid colon rupture
• Spontaneous pneumothorax in the presence of other 

features consistent with vEDS



Phenotype features can vary greatly 
between individuals, even in the same 
family with the same gene mutation.  

Variable Expressivity



Learning Objective 3:
impact on medical and 
surgical management





• Pediatric Imaging Guidelines

Vascular Imaging Surveillance

Morris et al, Circulation 2024; 150(11):e228-e254. PMID 39129620. 



Full List of Current Conditions

Morris et al, Circulation 2024; 150(11):e228-e254. PMID 39129620. 



• ARB + beta-blockers

Pharmacologic Management

Lancet 2022; 400: 822–31. 



Lancet meta-analysis Figure 1

Lancet 2022; 400: 822–31. 



Condition-specific Medical Therapy

Morris et al, Circulation 2024; 150(11):e228-e254. PMID 39129620. 



• Avoid flouroquinolones unless there is no other option: FDA 
issued warning of two fold risk of aortic aneurysm and 
dissection.

• Calcium Channel Blockers were found to accelerate 
aneurysm expansion, rupture and premature lethality in Marfan 
mice.

• Angiotensin Receptor Blockers were found to dramatically 
slow aortic root growth in children with Marfan syndrome who 
previously had rapid aortic root growth. 

Additional Pharmacologic Considerations

2022 ACC/AHA Guideline for the Diagnosis and Management of Aortic Disease. 
J Am Coll Cardiol 2022 Dec 13;80(24):e223-e393. doi: 10.1016/j. jacc. 2022.08.004.



Surgical Thresholds: Adults



Condition-specific Surgical Thresholds: Pediatrics

Morris et al, Circulation 2024; 150(11):e228-e254. PMID 39129620. 



• Endo vs open considerations
• Specific techniques recommended:

• Endovascular Repair
• Use soft catheters, avoid repeated sheath exchanges, lower the pressure in the 

power injector or utilize hand injections if possible to lower the risk of arterial tears 
and dissection. 

• Open Repair
• Gentle retraction, padded clamps, pledgets

Surgical Approach



• Document the diameter of the aorta at the time of 
dissection/rupture in affected family member. 

• recommended in the 2022 ACC/AHA Guideline for the Diagnosis and 
Management of Aortic Disease. 

• In patient with HTAD and no identified genetic cause, consider 
early surgical repair if… 

• Family history of aortic dissection at an aortic diameter <5.0 cm. 
• Family history of unexplained sudden death at age <50
• Rapid aortic growth (≥0.5 cm in 1 y or ≥0.3 cm/y in 2 consecutive 

years)

Surgical Considerations



• Blood pressure
• Smoking Cessation
• Moderate aerobic exercise

• benefits for the whole body, including mental health and social 
connections

• could possibly be helpful for the aorta, depending on gene and type of 
exercise

• Marfan mice that exercised had improved aortic wall structure and function, with 
optimal benefit at moderate intensity exercise (~60% of V02 max). Gibson C, et al.  
J Appl Physiol 2017.

Risk Factor Modification



Not all exercise is the same

• Isometric (static) Exercise
• Muscle fibers contract without changes 

in length
• Results in no muscle movement
• Systemic blood vessels constrict

• redirects flow to contracting muscles
• Large increase in systolic BP (>300 

mmHg during Valsalva maneuver)

• Isotonic (dynamic) Exercise
• Muscle fiber length changes 

during exercise
• Results in muscle movement
• Systemic blood vessels dilate
• Modest increase in mean BP



Classification of Sports

Levine AD, et al. JACC 2015;66:2350-3



Chaddah A, Klein-Rodgers E, Braverman AC, et al. Clin Cardiol 2015;38:652-9.

Aortic Dissection Survivors: Activity Recommendations

• 314 survivors of acute aortic dissection surveyed regarding 
lifestyle modifications, exercise practice and emotional state.  
Response rate was 42%.

• 32% with new-onset depression
• 32% with new onset anxiety
• 24% no longer engaged in any exercise

• Those who exercised routinely had less depression and lower BP.
• Cardiac rehabilitation has been successful in selected individuals 

after aortic dissection.  Exercise prescriptions should be 
individualized and blood pressure monitored. 



Body System
Ocular Lens dislocation

Retinal detachment
Cardiac Cardiomyopathy

Valvular disease
Arrhythmia
Anticoagulation (if mechanical valve)

Pulmonary Spontaneous pneumothorax
Restrictive lung disease

Musculoskeletal Cervical spine instability
Back, hip, foot pain

Exercise Considerations Beyond the Aorta



• Improved outcomes with 
a multidisciplinary expert 
team comprised of 
geneticists, 
cardiologists, 
cardiothoracic surgeons, 
vascular surgeons, 
pulmonologists, general 
surgeons, obstetricians.  

Aortic Centers

2022 ACC/AHA Guideline for the Diagnosis and Management of Aortic Disease. 
J Am Coll Cardiol 2022 Dec 13;80(24):e223-e393. doi: 10.1016/j. jacc. 2022.08.004.



Emergency Preparedness

https://marfan.org/wp-content/uploads/2021/04/MARFAN-EmergencyCard.pdf



• Global community of healthcare 
professionals and scientists 
committed to advancing the 
understanding and care of all 
forms of genetic aortic vascular 
conditions. 

• Best Practices and Guidelines
• Clinical Management Videos
• Continuing Medical Education

Education Resources for Providers, Patients and 
Families

https://www.gentacalliance.org/

https://www.gentacalliance.org/


• IRAD
• MAC
• CLARITY

Clinical Research: Registries



Clinical Research: Hip Pain in Marfan Syndrome




	Genetic Aortopathy��Mary B. Sheppard, MD�Assistant Professor�Departments of Family Medicine, Surgery, Physiology�Co-Associate Director of Saha Aortic Center�University of Kentucky College of Medicine
	Learning Objectives
	Introduction to Genetic Aortopathy�
	Definition
	Classification
	Learning Objective 1: �Indications for genetic testing�
	Indications for Genetic Testing
	2022 ACC/AHA Guidelines for the Diagnosis and Management of Aortic Disease (Figure 17)
	Genetic Testing Options
	Genetic Testing Risks
	Variants of Uncertain Significance
	Genetic Result Management Sequence
	Variant Interpretation App
	Family Implications
	Learning Objective 2:�syndromic vs �non-syndromic aortopathies
	Causes of Syndromic vs Non-Syndromic HTAD
	Signalling Pathways involved in HTAD
	Bicuspid Aortic Valve
	Slide Number 19
	Slide Number 20
	Diagnosis of Marfan in Absence of Family History
	Loeys-Dietz Syndrome
	Diagnosis of Loeys-Dietz Syndrome
	Vascular Ehlers-Danlos Syndrome (COL3A1)
	Diagnosis of Vascular EDS (EDS type 4)
	Variable Expressivity
	Learning Objective 3:�impact on medical and surgical management�
	Slide Number 28
	Vascular Imaging Surveillance
	Full List of Current Conditions
	Pharmacologic Management
	Lancet meta-analysis Figure 1
	Condition-specific Medical Therapy
	Additional Pharmacologic Considerations
	Surgical Thresholds: Adults
	Condition-specific Surgical Thresholds: Pediatrics
	Surgical Approach
	Surgical Considerations
	Risk Factor Modification
	Not all exercise is the same
	Classification of Sports
	Aortic Dissection Survivors: Activity Recommendations
	Exercise Considerations Beyond the Aorta
	Aortic Centers
	Emergency Preparedness
	Education Resources for Providers, Patients and Families
	Clinical Research: Registries
	Slide Number 48
	Slide Number 49

