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“There is no disease more conducive to clinical humility than 
aneurysms of the aorta” 
    - Sir William Osler (1849-1919) 

  



Surgical Indications 

5.5cm 

Coady et al. J Thorac Cardiovasc Surg 1997;113:476-91 



Surgical Indications 

Pape et al. Circulation 2007;116:1120-7 

59%  
=<5.5cm 



Surgical Indications 

One Size Fits All 



Bicuspid Aortic Valves 

• 1-2% of the population 

 

• The most common cardiac congenital 
malformation 

 



Bicuspid Aortic Valves 
Common Cell Lineage – Neural crest cells 

 

40% = Dilatation of the Ascending Aorta 



However... 

• BAV is NOT a single disease entity 

 

• BAV is a common phenotypic manifestation of 
different “entities” 

 

• Can vary in phenotype, genetics, molecular 
and clinical behaviour 



BAV Heterogeneity 

• Phenotype 

 

• Genotype 

 

• Associated Features 

 

• Natural History 



Etiology of Aortic Disease 

Aortic Aneurysms 
 

 
SYNDROMIC 

(5%) 
NON-SYNDROMIC 

(95%) 

FAMILIAL 
(20%) 

SPORADIC 
(80%) 



Thoracic Aortic Aneurysms 

El-Hamamsy and Yacoub. Nature Reviews Cardiology 2009 



BAV Heterogeneity 



Phenotypic Heterogeneity 

10-25%  

of BAVs 

75-90%  

of BAVs 

Tzemos et al.  JAMA 2008 



BAV Phenotype and Co-Features 

Fernandes et al. JACC 2004 



BAV Phenotype and Interventions 

Fernandes et al. JACC 2004 



Phenotype and Aortic Morphology 

Schaefer et al.  Heart 2008 



Developmental Biology 



Valve Morphogenesis 

eNOS -/- 
(R-N BAV) 

Spontaneous 
(R-L BAV) 

Fernandez et al.  JACC 2009 



Valve Morphogenesis 
Mouse (R-N) Hamster (R-L) 

Fernandez et al.  JACC 2009 



Genetic Heterogeneity 

• Several genes implicated on different 
chromosomes 

– KCNJ2 (Andelfinger G, Am J Hum Genet 2002) 

– NOTCH-1 (Garg, Nature 2005) 

– ACTA-2 

– 18q, 5q and 13q (Martin LJ, Hum Genet 2007) 

 



NOTCH-1 and BAV 

NOTCH-1 Signalling 

• Valve development 

• Outflow tract remodelling 

• Boundary formation in the AV canal 

• Ventricular trabeculation 

• Cardiomyocyte differentiation 



NOTCH-1 and BAV 

Garg et al.  Nature 2005 



NOTCH-1 

NOTCH 1-4 
Runx2 (cbfa1) 

Ostoecalcin 
Osteopontin 

Calcification 

Garg et al.  Nature 2005 



Genetic Heterogeneity 

• NOTCH-1 Mutations < 10% of BAVs 
Mohamed et al. Biovhem BiophysRes Comm 2006 

McKellar et al.  JTCVS 2008 



BAV and Associated Aortopathy 



BAV and Aortic Dilatation 

Aortic dilatation  

=  

30-50% of BAVs 



Patterns of Aortic Dilatation 

Fazel et al.  JTCVS 2008 

IV- Root + Asc 

Aorta - 45% 

III- Asc Aorta 

+ Arch - 28% 

I- Root alone 

13% 

II- Asc Aorta 

alone - 14% 



Natural History of Aorta in BAV 

Russo et al.  ATS 2002 



Bicuspid Aortic Valves  

ACC/AHA Valve Guidelines, Circulation 2006 



Bicuspid Aortic Valves  

Borger et al., JTCVS  2004 

Survival Complications 



Natural History of Aorta and BAV 

Michelena et al.  Circulation 2008 





Michelena et al.  JAMA 2011 



Michelena et al.  JAMA 2011 

8x higher than the general population 



Kim et al. JACC 2016 



Aortic Dissection in BAV 

• YES 

– The risk of acute aortic event is not as high  

 

• BUT… 

– The risk is significantly higher than the general 
population (~8x) 

WHO ARE THOSE 1-5% OF PATIENTS? 



Bicuspid Aortic Valves 

El-Hamamsy and Yacoub. Curr Cardiol Rep 2009 



Bicuspid Aortic Valves  

ACC/AHA Valve Guidelines, Circulation 2014 



ESC Valve Guidelines, Circulation 2014 



Borger et al. JTCVS 2018 



Borger et al. JTCVS 2018 



SPECIAL CONSIDERATIONS 



Surgical Indications  

Importance of indexing, 
especially in patients 
<18 years of age 

Roman et al. Am J Cardiol 1989 



Indexed diameters 

Elefteriades et al. Ann Thorac Surg 2006;81:169-77 

8%/year 

20%/year 

4%/year 



Special Situations 
5. Aortic Measurements 

Elefteriades et al. JACC 2010;55:841-57 

If change in diameter > 5mm/year 
 

First reaction is to review the images 
before deciding that there is a surgical 

indication 





Functional Biomechanics 



Functional Biomechanics 



SUMMARY 

• BAV is not a single disease entity 

 

• Heterogeneity in etiology = Heterogeneity in natural 
history 

 

• Risk of acute aortic events is low, but still higher than 
the general population  

 

• Need for further refinement of clinical decision-
making (functional MRI, biomechanics, biomarkers…) 



FREE APP - AORTA 

www.aorticsurgeryguidelines.com 



i.elhamamsy@icm-mhi.org 


