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Da Vinci’s sketch 
Over 400 Years ago 



Variable Clinical Presentation of BAV 



Mayo Clin Proc 1999;74:14-26 



• M/44, sudden back pain 



• M/44, sudden back pain 



• M/56, aortic valve repair due to severe AR with BAV 

4.8cm 



• Type 1 AD with markedly dilated aorta (48     57 mm)  



Matrix fragility Flow dynamics 

 Verma and Siu. N Engl J Med. 2014;370:1920-1929 



Bicuspid Aortopathy 



Overall Mortality Rate was Similar 
With Population Estimates 

Toronto Study 
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No. at risk 

  Bicuspid aortic valve      642               641                576                 476                373                258 

  Comparison                     642               642                642                 622                622                622 

Log-rankP =.71 

Bicuspid aortic valve 

Comparison 



Cardiovascular Events 

Cardiac death, CHF, New Sx., Endocarditis 

AV surgery, Thoracic aorta surgery 

Olmsted County Study 



Cardiovascular Events 

Cardiac death, CHF, New Sx., Endocarditis 

AV surgery, Thoracic aorta surgery 

Olmsted County Study 

  

No Aortic Dissection 
 



• Excellent overall survival in recent outcome studies 



Sinus diameter is larger in AR,  

whereas Tubular diameter is larger in AS 

Sinus diameter  Tubular diameter  

 Heart 2012;98:1822 



 Heart 2012;98:1822 



Bicuspid Rheumatic Degenerative 

• congenital 
• 1-2% of general  
  population 

• multivalvular involvement 
• commissural fusion (+) 

• disease of the aged  
   population 





Circulation 2005;112:3919 

Temporal Trend  

of AVR for AS: 

1,849 pts >40 yrs 







J Thorac Cardiovasc Surg 2007;133:1226-33 

From 304 surgical specimens 

Heart 2008;94:1634-38 

Non-invasive imaging data 



J Am Coll Cardiol 2009;54:2312-8 



R-L fusion; normal cardiac outflow tract  
(OT) septum 

R-N fusion; defective development of  
the OT  endocardial cushion 

J Am Coll Cardiol 2009;54:2312-8 



AMC data, AHA 2015 



Echocardiography is a main tool! 



Any Role of TEE? 
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Any Role of CT? 











AMC data: 452 AS patients underwent TTE, TEE and CT (‘03 – ’14) 
               - age 6511 years; Vmax 4.61.1 m/s 

ESC 2016 Abstract 

• TTE diagnosis of BAV: sensitivity 83%, specificity 74% 
TEE diagnosis of BAV: sensitivity 91%, specificity 85% 
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• 681 BAV patients who underwent aortic valve surgery 
• Predominant cause of surgery was AS (n=546, 80%) 
• Concomitant aortic surgery in 31% (n=214) 
• Phenotype classification using TTE, TEE and CT 

AMC data, AHA 2015 



AMC data, AHA 2015 

Odds ratio 95% C.I. P-value 

  New dichotomous classification 

BAV-AP 0.30 0.18 - 0.50 < 0.001 

BAV-RL 3.32 1.99 - 5.54 

  Conventional classification 

Type 1 0.30 0.18 - 0.50 < 0.001 

Type 2 1.68 0.98 – 2.90 0.061 

Type 3 2.04 0.22 - 19.17 0.535 

Type 4 5.92 2.29 - 15.35 < 0.001 

0.1 1 10

Odds ratio > 1 favors surgery for AS dominant valvulopathy 



0.1 1 10

Odds ratio > 1 favors concomitant aortic surgery 

Odds ratio 95% C.I. P-value 

  New classification 

BAV-AP 0.57 0.41 - 0.80 0.001 

BAV-RL 1.76 1.26 - 2.45 

  Conventional classification 

Type 1 0.57 0.41 - 0.80 0.001 

Type 2 1.68 1.18 - 2.40 0.004 

Type 3 0.23 0.03 – 1.84 0.167 

Type 4 1.37 0.90 - 2.11 0.146 

AMC data, AHA 2015 



Feasibility Accuracy 

Cardiologist Conventional Dichotomous Conventional Dichotomous 

A 90 % 97 % 73 % (66/90) 91 % (88/97) 

B 97 % 99 % 70 % (68/97) 86 % (85/99) 

C 95 % 97 % 67 % (65/95) 86 % (83/97) 

D 94 % 95 % 67 % (63/94) 87 % (83/95) 

Overall 94 % 97 % 70 % (262/376) 87 % (339/388) 

Cardiologist A and B had clinical experience in echo over 5 years, whereas  
Cardiologist C and D less than 2 years. 

AMC data, AHA 2015 



(AP type) 

(RL type) 

BAV phenotype and valvular intervention in the young 

• Age 16.1 years (5.6 – 34.4): Children hospital, Boston 

 J Am Coll Cardiol 2007;49:2211 

AP type 
RL type 



R+L fusion R+N fusion 

 Mahadevia et al. Circulation. 2014;129:673-682 
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R+L fusion R+N fusion 



1. BAV phenotype prevalence 

2. BAV phenotype vs. patterns of valvular dysfunction 

3. BAV phenotype vs. patterns of aortopathy 

4. BAV phenotype vs. long-term outcome 
    - prediction or risk stratification? 
      5. Pathogenesis of aortopathy 
    - inherent fragility vs. hemodynamic burden 



Circulation 2014;129:2691 



Korean BAV Registry 
(KoBAV) 




