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• 1 – 2% of the population 

• Disease of cusps and proximal aorta 

• Combination of genetic and hemodynamic factors lead to aortopathy and valvular 

deterioration 

• Patients with BAV insufficiency usually younger (2nd/3rd/4th decade) compared to 

those with BAV stenosis (5th/6th decade). 

• 1/3 of patients having valve sparing and repair (Brussels-Homburg-Paris) 

 

BAV: Overview 



• Observational Cohort 

• 416 patients with BAV 

• Survival similar to general population 

• High incidence of aneurysm formation 

• Low incidence of aortic dissection but 

higher than general population 

BAV: Aortopathy 



Kang JW, Song JK et al. JACC Cardiovasc Imaging 2013 

• 167 patients evaluated with MDCT and 
Echo for possible surgery 

• 56% BAV-AP vs. 44% BAV-RL 

• Aortopathy:  

• Type 0: 27% 
• Type1: 20% 
• Type 2: 29% 
• Type 3: 23% 

• Increased incidence of AI in BAV-AP 

configuration vs. AS in BAV-RL 

• Normal aorta was most common in BAV-
AP (33%) 

• Type 3 aortic dilatation common in BAV-
RL (40.5%) 

BAV: Kang/Song Classification 



• 64 patients identified from surgical 
and radiologic databases for BAV 
associated aortopathy 

• Four clusters of aortopathy: 
• Cluster I: Aortic root (n=8) 

• Cluster II: Tubular aorta (n=9) 

• Cluster III: Tubular aorta/arch (n=18) 

• Cluster IV: Diffuse Dilatation (n=29) 

BAV: Fazel/Miller Classification  



• 304 surgical specimens and 
operative reports collected over 
5 years 

• Centered on the number of 
raphe and the type of cusp 
fusion 

 

BAV: Sievers Classification  



• Classification systems derived from different populations 

 

• BAV is a heterogenous entity with distinct sub-types 

 

• Correlation between valvular morphology and pattern of aortic 
dilatation may suggest a pathophysiologic link 

 

• No clear classification system geared towards BAV repair 

BAV: Classification Summary  



Brussels’ BAV repair: Treatment of aortopathy 

Dilated Asc. Aorta Dilated Root 

Asc Aorta dilatation Aortic root dilatation 

Cusp repair + VSReimplantation Cusp repair + SCAA Rempl.  



Brussels’ BAV repair: VAJ Dilatation in BAV Insufficiency 

 28 mm de Kerchove et al. JTCVS 2010 

 30 mm  Schäfers et al. JTCVS 2013 

 30 mm  Al-Atassi et al. EJCTS 2015  

      



Brussels’ BAV repair: Treatment of aortopathy  (Early experience)  

Dilated Asc. Aorta Dilated Root 

Nl aorta Asc Aorta dilatation Aortic root dilatation 

Cusp repair + VSReimplantation Cusp repair + SCAA Rempl.  Cusp repair + SCA  + SCA 



Cusp perforation ! Fistula Aorta – RV ! 

Brussels’ BAV repair: Fate of SCA – Acute complication   



3/4 Recurrent 
Regurgitation ! 

(prolapse)    

  

Brussels BAV repair: Results of BAV repair 

M. Boodhwani et al. J Thorac Cardiovasc. Surg. 2010;140:276-84 



M. Boodhwani et al. J Thorac Cardiovasc. Surg. 2010;140:276-84 

Brussels BAV repair: Results of BAV repair 

p=0.03 
p=0.02 



30 y♂: BAV raphe res. + direct closure + FM resusp. (Gtx) + SCA   →  6.5 y later: AI 3+ 

 29 mm 

Preop TEE  

29 mm 

Pre-redo TEE  

24 mm 

Postop TEE  

Brussels’ BAV repair: Fate of SCA – Chronic complication  

VAJ dilatation ! 
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Brussels’ BAV repair: Aorta repair – Late experience  



Brussels’ BAV repair: SCA vs VSR – Matched comparaison  

VSR 

SCA 

VSR 

SCA 

VSR 

SCA 

VSR 

SCA 

Overal Survival 
Freedom from 

reoperation 

Freedom from 

AI > 2+ 

Freedom from 

AI > 1+ 

L. de Kerchove J Thor Cardiovasc Surg 2011;142:1430-8 



p=0.03 

Freedom from AR>1+ 

Brussels’ BAV repair: VAJ in BAV repair – Role of annuloplasty  

E. Navarra Eur J Cardiothor Surg 2013; 44:316-323 



Brussels’ BAV repair: Why is VSR so good?  

1. Circumferential prosthetic annuloplasty  

L. de Kerchove Eur J Cardiothor Surg 2016;49 (2):428-37 

Stable over time 

2. Remodel BAV geometry to 180°     

3. Optimal Coaptation  



Brussels’ BAV repair: Why is VSR so good?  

1. Circumferential prosthetic annuloplasty  

2. Remodel BAV geometry to 180°     

160° 

180° 

“Assymetric annuloplasty” 

Stable over time 

3. Optimal Coaptation  



Brussels’ BAV repair: Why is VSR so good?  

1. Circumferential prosthetic annuloplasty 

2. Remodel BAV geometry to 180° 

D. Aicher Circ. 2011 

Stable over time 

Durable configuration 

3. Optimal Coaptation  



Brussels’ BAV repair: Why is VSR so good?  

1. Circumferential prosthetic annuloplasty 

2. Remodel BAV geometry to 180° 

Stable over time 

Durable configuration 
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Reduce the need of patch 3. Optimal Coaptation 



Brussels’ BAV repair: Why is VSR so good?  

1. Circumferential prosthetic annuloplasty 

2. Remodel BAV geometry to 180° 

Stable over time 

Durable configuration 

Reduce the need of patch 3. Optimal Coaptation  

Pethig K. ATS 2002 le Polain JB. JACC Card. Im. 2009 

Tips < annulus 

Tips > annulus 
Residual AR 
Coapt < 4 mm 

Resid. AI, Coapt >4 mm 

Tips > annulus, No AR 

Aicher D. Circ. 2011 



Unpuplished 

Brussels BAV repair: Updated results - 165 BAV repair with VSR 

No operative 
mortality 

%  

100%  

3 Stenosis:  
- 2 FE resusp Gtx! 
- 1 Raphe decalc + patch 

5 (3%) pts 
with AI>1+ 

%  

%  



Normal Root (<40 mm) 

Normal VAJ (<28 mm) 
«Old patient» (>50 y) 

Dilated Root (≥40 mm) 

Large VAJ (≥28 mm) 

Subcom. annuloplasty VS Reimplantion 

Large VAJ (>28 mm) 
Remodel BAV geometry 180° 

External Ring Annuloplasty 

Rare ! 

Brussels BAV repair: Current approach 



→ Spectrum of cusp dysmorphy  

• Nearly or complete 
fusion of CC 

• “small/thin” raphe 
• >160° – 180° 
• Nl cusp height 
• Prolapse 

• Incomplete fusion of CC 
• Thickened raphe 
• 120° – 160 ° 
• Short cusp height 
• Restrictive 

Type 1 (Sievers classif.) 

• No raphe 
• ≈ 180° 
• Prolapse 

Type 0 (Sievers Classif.) 

Brussels BAV repair: Cusp phenotypes 



Brussels’ BAV repair: Cusp repair – Early experience 

Inadequate  

Type 0 Type 1 

Prolapsing Restrictive 

Cusp plication 

Adequate 

Thinning ± Direct closure  FM resusp. Gtx  Triang. patch 

      But.. 

140° 

180° 



Brussels’ BAV repair: Cusp repair – Actual approach 

Inadequate  

Type 1 – 120° 

Prolapsing 
Restrictive 

Adequate  

120° 

≈120° 

120° 

≈ 120° 

120° 

≈ 120° 



BAV repair is a durable alternative to replacement for young adults,  
if all pathological components of the BAV are treated 

 

 Deep circumferential annuloplasty 

 Optimized geometry at 180° or 120° 

 Optimized coaptation 9-10 mm eH 

 
 Cusp repair + VS Reimplantation = The “Ideal tool” 

     + Circumferential annuloplasty “Alternative in normal root” 

Brussels BAV repair: Conclusions 



 
Thank you 

 



Brussels’ BAV repair: Cusp repair – Early experience 

Inadequate  

Type 0 Type 1 

Prolapsing Restrictive 

Cusp plication 

Adequate 

Thinning ± Direct closure  FM resusp. Gtx  Triang. patch 



Groups 
Preop VAJ 

Ø 

Postop 

 VAJ Ø 

VAJ 

 reduction  
P value 

SC Annuloplasty 27.5 ± 3.3 23.6 ± 3.6 4 ± 2.2 < 0.001 

VS Reimplantation 28.3 ± 3.5  21.4 ± 2.2 7 ± 2.6 < 0.001 

P value 0.16 < 0.001 < 0.001 

Brussels’ BAV repair: VAJ in BAV repair – Role of annuloplasty  

E. Navarra Eur J Cardiothor Surg 2013; 44:316-323 



BAV repair 

• 81% (10 y) J. Price ATS 2013 

 

• 84% (7 y) P. Casselman JTCVS 1999 

• 50% (10 y) H. Schaff JTCVS 2010 

• 81% (10 y) D. Aicher EJCTS 2010 

TAV repair 

• 90% (10 y) J. Price ATS 2013 

 

• 94% (12 y) T. David JTCVS 2010 

• 93% (10 y) D. Aicher EJCTS 2010 

Freedom from reoperation 

< 

Brussels BAV repair: Results of BAV repair  



1. Circumferential prosthetic based annuloplasty 
2. Modify commissure orientation (≈180°)  

• Improve durability (?) 
• Reduce the need of patch repair  

3. No increased mortality 
4. Reproducible 

Kari F. , Miller C. ICVTS 2014 

• 1997 – 2013: 85 VSR in BAV 

• At 8 years: 98% overall survival, 90% FF reoperation  

Brussels BAV repair: Solution - The Valva sparing reimplantation 



H. Sievers, J.Thor. Cardiovasc.Surg. 2007 

>>> << 

Brussels BAV repair: Anatomical classification 



Type 0 prolapse Type 1 restrictive Type 1 prolapse 

Brussels BAV repair: Type 0 and Type 1 cusp lesions 



• Impact of commissural orientation not confirmed in 84 BAV repair 
with valve sparing reimplantation 

Kari F. , Miller C. ICVTS 2014 

But, 
Sievers’ BAV type 1 (vs 
type 0) had negative 
effect on valve 
performance (p = 0.017) 
  
 

Brussels BAV repair: Risk factor 4° - Commissure orientation 



Bicuspid AV Syndrome 

• 1-2 % most common congenital heart malformation 

→ AI from 3rd – 4th decade of life  

→ AS from 5th – 6th decade of life 

Tzemos N. JAMA 2008 

Mean age of BAV repair 43 ± 12 years 

de Kerchove L. JTCVS 2011 

Brussels’ BAV repair:  



Young adults 
 
• Active lifestyle 
 
• High rate of early SVD 

 
 

Bourguignon T. Ann Thor Surg 2015  

50 y 

55 y 

60 y 

Johnston DR. ATS 2015  

Brussels’ BAV repair 



→ Spectrum of cusp dysmorphy  

• Nearly or complete 
fusion of CC 

• “thin” raphe 
• >160° – 180° 
• Nl cusp height 
• Prolapse 

• Incomplete fusion of CC 
• Thickened raphe 
• 120° – 160 ° 
• Short cusp height 
• Restrictive 

Type 1 (Sievers classif.) 

• No raphe 
• ≈ 180° 
• Prolapse 

Type 0 (Sievers Classif.) 

Brussels BAV repair: Cusp phenotypes 





Brussels’ BAV repair: Cusp repair – Early experience 

Inadequate  

Type 0 
Type 1 

Conjoin Cusp morphology ? 

 Prolapsing Restrictive 

Cusp plication 

Adequate 

Thinning ± Direct closure  FM resusp. Gtx  Triang. patch 







• Effective height (eH) ≥ 9 mm 

• Coaptation length ≥ 4 mm 

• No/minimal residual AR  

• A good valve opening 

Aicher D. Circ. 2011 

Brussels BAV repair: Solution 1°- Optimal coaptation 



Matching 1:1      

53 pairs 

SCA 

Median FU: 50 months, IQR [26-96]  

VSR 

Median FU: 34 months, IQR [13-63] 

161 patients, elective BAV repair (1995-2010) 

Matching criteria:  - AR 0-2+ or ≥3+       
   - Ao root  Ø  <35 mm, 36-40 mm, 41-45 mm, 46-50 mm, >51mm  

• SCA/no anpl n=87 

• VSR  n=74 

Brussels’ BAV repair: SCA vs VSR – Matched comparaison  
L. de Kerchove J Thor Cardiovasc Surg 2011;142:1430-8 



Brussels’ BAV repair: Cusp repair following different phenotypes 

Adequate Inadequate  

Type 0 Type 1 

Conjoin Cusp 

morphology ? 

 

Central cusp  

plication 

Quantity of cusp tissue ? 

= 180° 

Triangular 

patch 

=120°  

Commiss. 

patch 

Prolapsing Restrictive 

Direct closure  

of conjoin cusp 

≈ Central plication 



S. Mastrobuoni, abstract STSA 2014  

100% 

92% 

BAV repair with Reimplantation: 0% operative mortality 

Brussels BAV repair: Updated results 


