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Important Factors to Compare 

• Different phenotypes 

• Surgical complexity 

• Operative times (CPB, Cross-clamp) 

• Early outcomes: morbidity & mortality 

• Long term outcomes: freedom from re-op, 

freedom from recurrent AI 

• Sub-populations: connective tissue 

(Marfan etc)  



“Type 1” Root,  

Younger (10-40y),  

Hereditary connective synd.  

(Marfan, BAV with “root phenotype”) 



“Type 2” aneurysm: 

Older > 40-50 y 

primary ascending (tubular part)  



Ascending Aorta Replacement 



Root Remodeling (M. Yaacoub) 
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Type 1-Root Phenotype 



Root Remodeling (M. Yaacoub) 
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1995-2009, 401 remodeling, 29 re-implantation (24 marfan pts) 



Restore Normal Root Geometry 

Kunzelman K, 1994 



     Remodeling +annuloplasty 

 (D3, Lansac) 



Compare 

David ultra.avi


LVOT and Aortic Root Complex  



RE-Implantation (David) 
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Courtesy E Lansac 



Lansac 2006 
Kazui, Svensson, Schäfers 

2007 

PTFE annuloplasty Expansible Band 

file:///G:/Rome 2012/AV_Suture_640x340.wmv


Lansac E, JTCVS 2015 
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Function of Aortic Sinuses 



No Sinuses With Sinuses 

The effect of the sinuses of 

valsalva on cusp closure 

Courtesy Schafers H 



Valsalva graft  

David ultra.avi


Neo-Aortic Sinuses 



• 1988-2010, 371 pts, 35% Marfan Synd 

• 296 re-implantation, 75 remodeling 

• Median FU 9 years 

 



Marfan (38) compared to non- Marfan (133) 

Patients Late Echo  

______        Marfan  

______ Non Marfan  

Patients      69           43            32          24           18          10            6             2            0  

At risk        29           16           13          11             7            6             5             1            0  





Liu Lei. J Card Surg 2011 



Hanke T JTCVS 2009 



Schafers HJ, JTCVS 1998 



Summary I 

• Re-implantation is a more complex 

procedure with longer operative times 

• This has not seemed to affect early M&M 

• Long-term outcomes are comparable 

mainly due to stratification of type I root to 

the re-implantation 

 

 



Summary II 

• Procedures are not competitive to each 

other: 

– For type 2 root aneurysm, the remodeling 

should be the preferred approach 

– For younger pts with type 1 root aneurysm 

and genetic syndromes, re-implantation has 

proven to be effective with excellent long term 

outcomes. 

• D3 or the remodeling + annuloplasty 

(Lansac/Schafers), may also provide good 

outcomes, long-term FU is needed  



 

 

Restore Normal Geometry  



The wolf also shall dwell with 

the lamb, and Tiger with the kid 
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The Leviev Heart Center 

Thank you 





 

 

Aortic Cusps 

• Consist of collagen, elastin, glycosaminoglycans 

• Semilunar shape - base 1.5 x free margin 

• Cusps meet at commisures - immediately below 

sinotubular junction 

• Non-coronary cusp tends to be slightly larger 

http://cardiacsurgery.ctsnetbooks.org/content/vol2/issue2003/images/large/811fig2.jpeg


           Geometric Relationships of 

the Aortic Root 
Kunzelman et. al. 1994 



Patients and methods 

• From January 1996 to November 2008 

• 305 patients underwent aortic valve 

preservation surgery (include 

dissections) 

• 100 elective pts with AI greater than 2+ 

were included 



Freedom from re-operation after 5 years 

96.2% ± 2.6%  

Three patients needed 

re-operation because 

of severe AI.( Two of 

them underwent the 

remodeling technique) 





           Geometric Relationships of 

the Aortic Root 
Kunzelman et. al. 1994 



Selection of Pts for Aortic 

Valve Preserving 





Aortic Annuloplasty 



Freedom from AI 2+ after 5 years  

 

84% ± 6%  



Computer Finite Element Model, FSI 



Non Pathological FSI Model 



20mm 22mm 24mm 26mm 28mm 30mm 

      
 C-C section 

Effect of annulus diameter 

 Six geometries with different annulus diameters 

 Calculated by expanding or shrinking the AA of normal case (24mm) 

 The other dimensions were not changed 



Effect of cusp size 
 Five cases with different cusp size 

 The root dimensions are identical to the 24mm case 

 Geometric height 15.4mm 15.9mm 16.2mm 17.6mm 18.9mm 

 Relative cusp size 86% 92% 100% 108% 116% 

 

C-C section 

     

 

 

     
 

hG 



Influence of the geometry on 

coaptation 

h
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Influence of the geometry on the 

max. principal stress 
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• The average dimensions case (gh=16.2mm, 

dAA=24mm) has the lowest mechanical stress 
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Coaptation vs. effective height 

• Comparison of coaptation during diastole as a function of 

the effective height 

• The effective height correlates well with valve coaptation 

• The cusp in all the cases with  hE<9mm prolapsed during 

diastole 
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Infuluence of Graft Size and STJ to AA ratio 

 

 Sixteen cases 

of aortic roots 

 Were 

calculated 

from the base 

geometry with 

an applied 

outer pressure 

that expanded 

or shrank the 

initial AA and 

STJ 



Influence of dSTJ/dAA on flow shear 

stress 

 FSI parametric study with five cases of aortic roots 

 Reducing dSTJ/dAA increases the shear stress values 

 To prevent AA expansion - valve-sparing with 

annuloplasty is preferable 
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Near Future: 



CT Scan 



Summary 

 • The aortic root structure is complex 

• Pathology is diverse and mixed in 

many cases 

• In many cases, in order to preserve 

the AV, multiple surgical techniques 

have to be used 

• Pre-operative computer analysis and 

planning may improve durability of 

valve  





Stress distribution during diastole 



THE INFLUENCE OF GRAFT SIZE 

AND STJ TO AA RATIO 

 CFN model and hyperelastic material in the 

sinuses 

 Time dependent and physiological BC 



Remarks 

• Lower aortic annulus (AA) diameter 

increases coaptation area 

– Small difference (3.5%) between 22mm and 

24mm cases 

• The 24mm case has the highest durability  

• The coaptation increases with the size of 

the cusp 

• The case with average dimensions has the 

best combination of coaptation and low 

mechanical stress 



INFLUENCE OF CUSP SIZE AND 

AORTIC ANNULUS DIAMETER 

 Simplified linear elastic and isotropic model 

 Solution duration of 10ms - constant BC 

Marom, Raanani et al. (2012) J. Thorac. Cardiovasc. Surg. doi: 

10.1016/j.jtcvs.2012.01.080 

Marom Raanani et al. (2012) J. Thorac. Cardiovasc. Surg. doi: 

10.1016/j.jtcvs.2012.08.043 



 

 

Dysfunction of Aortic Root 

Sinu-tubular 

Dilatation 

Sinu-tubular 

+ Annular  

Dilatation 
 



Patients with AI 2+ and above 

(n=100) 

• Mean age – 60  17 years (range 21-81 years) 

• 69% – males 

• 73 elective pts and 27 emergent 

• NYHA class 

– I – 67% 

– II – 14% 

– III – 4% 

– IV – 5% 

• Mean EF% - 55.5 % ± 7.8%  

• Rre-do – 15 pts 

• Mean logistic EuroSCORE – 11.2%  12% 

 



 

 

Dimensions 
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Dysfunction of Aortic Root 

Thubrikar Eu JCTS 2005 



Freedom from Valve Related 

Complications 

The Leviev Heart Center 

Valve related complication – all cause death, structural valve deteriotation, thrombotic or embolic 

events, bleeding, reintervention, permanent  pacemaker (Akins et al, JTCS, April 2008) 

100

76

100

85

0

20

40

60

80

100

120

0 5 10 15 20 25 30 35

Months

%

Preserving

Composite/AVR

p = 0.12 



Re-Implantation (TE. David) 
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