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History 

 

The earliest description of the BAV has been attributed to 
Leonardo Da Vinci who over 400 years ago sketched the bicuspid 
variant of the aortic valve. 



Corpus of the anatomical studies 
 

“In the collection of Her Majesty  
the Queen at Windsor Castle”  



“perche il buso della arteria aorto e trianghulare”                       
(Leonardo Da Vinci) 

 

“why the orifice of the aortic artery is  
triangular” 



“per la qual cosa l’angolo piu ottuso e piu forte 

chellangolo retto ”                               (Leonardo Da Vinci) 

 

“the more obtuse angle is stronger than  
the right angle of the square”  



”i panniculi delli 4 usscoli son piu deboli che li 3 usscioli perche  colli 

loro angholi son piu remoti dalla basa del triangolo loro che quel de 

3 ussciolj”  

“the membranes of four valve-cusps are weaker than those  
of three valve-cusps because their central radius are  

more high”  



           The total length of the cusps free edge:  
                   
                        equal to the circumference 
              more than the intercomissural distance 

     
    
 
 
                     
 
       

                                   It allows: 
 

1. Complete opening  with circular orifice  
2.    
3. Wrinkle-Slow closure during dyastole 

Functional Geometry of the aortic valve 
 

Tricuspid Bicuspid 

Robicsek, F. et al.; Ann Thorac Surg 2004;77:177-185 



Embryology of  bicuspid  aortic valve 
Type 0 (no raphe) 

 

THE ANATOMICAL RECORD 244:490-498 (1996) 

The ventral cushion 
results from the complete 
fusion of the right and 
left cushions 



Embryology of  bicuspid  aortic valve 

Type 1 (one raphe, partial fusion) 

 

THE ANATOMICAL RECORD 244:490-498 (1996) 

The ridge (arrow) located in the 
ventral aortic sinus outlines a 
future raphe (pseudo-bicuspide 
valve) 



Embryology of  Bicuspid aortic valve 

 Type 2 (total fusion, Fibrotic 1 o 2 Rafe) 

 

THE ANATOMICAL RECORD 244:490-498 (1996) 



Classification of the Bicuspid valve 

 
Sievers H, et al. J Thorac Cardiovasc Surg 2007;133:1226-33 

   



 

 The surgical techniques should be 
applied after a careful analysis of the 
BAV considered in the context of the 
phenotypic continuum. 



Aortic valve repair 

What we learn from the mitral valve? 

… isn’t a valve with 2 leaflets …, but a complex functional apparatus 



The Aortic Valve 

Isn’t a valve with leaflets …, but a complex functional unit 

 Aortic Anulus  

 Cusps 

 Valsalva sinuses 

 Commissures 

 Sino-tubular Junction 

 Ascending aorta 



 Bicuspid Valve Repair 
First lesson from mitral valve repair 

 
Anuluplasty is a fundamental step in 
valve repair: 
 Re-shape the anulus (FAA) 

   Stabilize the repair  
      (continuity between the nadir and the STJ) 
   Improve Leaflets coaptation (subcommissural  
       plasty)        



       Aortic annulus ? 
 

What we measure by 2D echocardiography? 



  Aortic Annulus ? 

Nadir 



Nadir 

Sinutubular junction 

                      FAA     
 
 
 
          Nadir of the aortic valve 
                        + 
            sinotubular junction 

commissures 

Functional aortic anulus (FAA) 



The interleaflets triangle and the coaptation are  
higher in Tricuspid compared to Bicuspid  



Subcommissural plasty 
(Risk of valve stenosis) 



Functional Aortic Anulus (The STJ) 

The STJ (blue circle)  is 
often dilated 
(ascending aorta or 
root dilation) need 
replacement  





In a normal aorta with TAV (A), fibrillin-1 
microfibrils tether VSMCs to adjacent 
elastin and collagen matrix components. 
  
In patients with BAV (B), deficiency of 
fibrillin-1 leads to VSMC detachment, MMP 
release, matrix disruption, and apoptosis of 
VSMCs, resulting in loss of structural 
support and elasticity 



New Finding ?  

in patient with BAV undergoing surgery, 
diameter of the AA does not represent a  
parameter for the benignity / extent resection. 

 

In BAV repair, ascending aortic and/or root 
replacement is a  fundamental step of valve 
repair (stabilize the FAA) and may improves 
long term results. 

  

 Fattouch K, et al. XI Aortic  Symposium, New York 2010 



Lesson from mitral valve 
Functional classification of AV regurgitation 

Type I: 

Normal leaflet motion 

Type II: 

Excessive leaflets motion 

Type III: 

Restrictive leaflets 

motion 

  mitral   Aortic 



 
Lesson from mitral valve 

Functional classification of AV regurgitation 

Type I: 

Normal leaflet motion 

Type II: 

Excessive leaflets 

motion 

Type III: 

Restrictive leaflets 

motion 

• Ia –  STJ dilatation 

• Ib – Valsalva sinuses dilatation 

• Ic – FAA dilatation 

• Id – Perforazione 

• Ie – Hypertrophy of noduli   

         Aranzio 

• Prolapse 

• Dissection 

 

• Calcification 

• Cusps fusion 



 
    Prolapse 
    1. Free edge reinforcement with GoreTex 

     2. Plication  
     3. Triangular resection  
 

     Restrictive 
     1. Raphe resection or shaving and re-suturing 
     2. Pericardial patch extension  

Bicuspid Valve Repair  
Leaflets repair: 

 



Phenotype of Bicuspid valve  

Type 0: True bicuspid valve. 
              Two leaflets usually of the same 
              length.  
              No raphe  
              2 commissures.   
              Two Valsalva sinuses. 
 
 
 
Incompetence mechanism: prolapse of 
one cusp causing an eccentric jet 



     Bicuspid valve – Type 0 
        

Morphology: R-L fusion 
Mechanism: Root dilation + Prolapse 
Surgery: David + free edge 
reinforcement with Gore-Tex 

Morphology: R-NC fusion 
Mechanism: Leaflets prolapse 
Surgery: Free edges 
reinforcement with Gore-Tex 



Tipo 1:    Pseudo-bicuspid valve  
              - Two small leaflets (fused) with a  
                commissure between them 
              - 3 leaflets, 3 commissures . 
              - 3 sinuses (tricuspid) 
              - bicuspid valve with 2 sinuses + 2 
                 leaflets and a cleft) 
 
 
Incompetence mechanism: free edges 
fibrotic degeneration of the 2 small cusps 
creating central or eccentric jet.  



Bicuspid valve – Type 1 

Triangular resection + direct suturing + David 



Tipo 2:  Fibrotic or calcified raphe , usually 
hampering the normal leaflet motion or 
retracting the free edge towards the 
anulus (2 or 3 valsalva sinuses) 
 
 
Incompetence mechanism: pseudo 
prolapse of the other cusp causing an 
eccentric jet or retraction with restrictive 
motion. 
Incomplete closure with central jet (2 
raphe)  
 



Bicuspid valve - Type 2 
Resection of clcified raphe + pericardial patch reconstruction   





Actuarial freedom from AR > II after 5 years was 88% (isolated AVR 81%, isolated 
root reconstruction 85%, combination 94%) 





         Freedom from AV replacement. 

 



            Event-free survival.              Event- free reoperation. 



Actuarial freedom from AV reoperation 





(A) Tricuspid. (B) Bicuspid. Freedom from aortic valve-related events for patients who 
underwent aortic valve-sparing (solid line), ascending aorta replacement 
(dashed line) and isolated aortic valve repair (dotted line). 





Conclusions 

1. BAV repair is associated with low mortality 
and morbidity. 

2.  Good results in phenotype 0 and 1. 

3. Avoid repair (severe calcification). 

4. Attention to avoid valve stenosis  

5. Better results when the aortic root was 
replaced (repair stabilization ?). 

6. Pericardial patch need more follow-up. 


