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Genotype-surgical phenotype:
How this impacts surgical decision making

• Recognize the Spectrum of Genetic Aortopathy and Its Clinical 
Implications

• Diameter-Based Thresholds and Aortic Vulnerability: Understand how 
genotypic and phenotypic factors, tissue integrity, and vascular 
remodeling contribute to aortic rupture risk



Current clinical paradigms

Aortic diameter (ascending or abdominal) 
is a marker for risk of dissection or rupture 

Endovascular repair relies on sac exclusion 
and aortic remodeling 



The disconnect between anatomy and tissue biology 
is at the heart of our most frustrating outcomes

The aorta is 
a Structural 

Conduit

The aorta is 
a dynamic, 
living system 



Genetic Aortopathies

• Abnormal extracellular 
matrix components 
(Elastin, Fibrillin, 
Collagens)

• Altered TGF-b signaling
• Disrupted smooth 

muscle cell function 

Premature aging of the aorta: Elastic fibers fragmentation, 
smooth muscle cells loss, proteoglycans accumulation





Single functional 
copy of a gene 

50% of normal 
type III collagen 



J Am Coll Cardiol. 2022 Aug 30;80(9):857-869 





Non-syndromic familial TBAAD patients require more late 
surgical procedures 



Similar survival outcomes at 4 years between groups

Premature aging of the aorta



Not All Aortas Are Created Equal



64 (c.2200C>A, p.Leu734Ile) 38 (c.718G>C,p.Gly240Arg)45 (c.1347+1delG) 26 (c.1347+1G>A)

There is variability in tissue quality Genotype-Surgical Phenotype 
Correlation



COL3A1 c.2735G>A, p.Gly0912AspCOL3A1 (c.1347+1G>A)
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TEVAR in fragile tissuesDevice fixation failure 
in the diseased aorta
• Degeneration of the 

native aorta at the 
landing zone (device 
radial force)
• Device 

migration/erosion 
• New dissections
• Retrograde aortic 

dissection (RTAD)
• Stent graft–

induced new entry 
tears 

FBN1 & TGFb pathway: aortic arch is an unstable landing zone for current 
TEVAR technology

TEVAR (Cook TX2) Medtronic Navion (type 1a endoleak)

49 yo male SMAD3, c.1009+2T>A IVS7+2T>A)



August 2018

Endovascular Aortic Intervention in Patients
With Connective Tissue Disease (EVICTUS)

• N=171 (2005-2020)
• 18 aortic centers in Europe, Asia, North 

America, & New Zealand. 
• Marfan syndrome: Clinical diagnosis 
• Loeys-Dietz syndrome: genetic testing
• VEDS: Clinical diagnosis 
• Median follow-up: 4.7 years (1.9-9.2)



55-year-old man 
with MFS (FBN1
c.6963delG, 
Phe2322Leufs*76
, null variant) 



115 TEVARs

P= .006

Mean follow up7.1+5.4 years J Vasc Surg. 2021 Jun;73(6):1906-1914



• Risk factor modification: smoking 
cessation, HTN therapy, avoid 
fluoroquinolones 
• Surveillance
• Operative planning/techniques



Biologically Informed 
Surgical Decision-Making
• Age
• Prior operations
• Cardiac function
• Frailty / other comorbid conditions
• Genotype-surgical phenotype
• Biological twinning

When does the benefit of open repair 
outweigh the risk of long-term endovascular 

secondary interventions & failure?

Genotype-surgical phenotype 
and how this impacts surgical decision making



Aortic disease 
exists on a 

spectrum of 
vulnerability



Device-Substrate-Mismatch

Substrate Vulnerability
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Degeneration of the native aorta at the landing zone (device radial force)

Device migration/erosion 

New dissections, e.g., RTAD 

Endovascular 
repair relies on 
exclusion and 
aortic remodeling 
(which is variable)



Shalhub S. The Aortic and Arterial Vulnerability Spectrum: A Conceptual Biological Framework for Risk Stratification 
and Precision Surgical Decision-making in Aortopathy and Arteriopathy. J Vasc Surg. In press

The inherent biologic 
fragility of the aortic or 
arterial wall due to 
abnormalities in 
extracellular matrix 
composition, 
microarchitecture, or 
remodeling capacity.

Aortic disease exists on a spectrum of vulnerability







Light microscopy
• Thinner epithelium
• Broad papillary dermis
• Lack of reticular dermis 

large fiber bundles  
• Rete ridges are deeper 

in the control.  

• More open space 
throughout the dermis 
compared to space 
filling collagen fiber 
bundles in the control.  

• Though not obvious 
with this staining, 
leucocytes are more 
common in the VEDS 
dermis than control.

VEDS

control



Control Loeys-Dietz VEDS



48-year-old 
M w/ VEDS
COL3A1
c.852+1 
G>A

26-year-old 
M w/ VEDS 
COL3A1

c.1347+1G>A



From 
thresholds to 
trajectories 
a shift in 
cognitive 
strategy




