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Marfan’s Sinus of ValSalva
Aneurysm (7.0 cm.) with Severe 
(+4) AI

Valve Sparing ?? Too much AI, too much aneurysmal dilation, too
much leaflet surface area,



Still frames to depict anatomy

NOTE; Pure AI, No Calcified Leaflets

Fairly large opening, no AS Eccentric AI



Valve Pathology (N= 1198)*AS ± AI or AI for 
isolated AVR

(N=804)
EXCLUDED

AVR, Bentall, 
Wheat

AI ± aortic root aneurysm
(N=394)

Bentall or Proximal 
Aortic Reconstruction 

(N=248)
Primary Leaflet Repair 

± Ascending Aorta 
Replacement (N=84)

Primary Leaflet 
Repair 
+ Root 

Reimplantation 
(N=62)

2002 to 2017: 1198 patients with Bicuspid Aortic 
Valve Disease (the surgical practice BAV universe)

2006-2016

Total BAV Repair = 146

Since 2005

Since 2006 Bavaria, JE 4/2017



Because we can’t throw Valves like this in the BUCKET!!



Supra coronary
aneurysm



BAV	Repair	Philosophy:
The	Basics	for	AI

In	Evolution!

What about AI?



Surgical Repair BAV AI Classification: 
Fundamentally we are discussing Ib and c with II

Most Common combination

BAV Ib + II usually associated with 15-25% larger annulus than standard for BSA
1Boodhwani et al. J Thorac Cardiovasc Surg. 2009;137:286-294 

Ring

Ring



Supra coronary
aneurysm





Coronary Buttons are cut.
210/150 perimeter and Leaflet 
surface area ratios. (vs 180)





Placement of Sub-Annular “Fixation” Sutures 
for Annular Reduction and Stabilization

8-9 Geometrically placed Subannular Stabilization sutures (annular reduction 
15-20%)



210º/150º  Neo ValSalva 
Root (Raphed BAV); 50% 
are 180/180

In BAV: Size the annulus for “the normal 
annular diameter” for each individual



BAV	Cusp	Repair	with	
Reimplantation (VSRR):

What’s	(and	Where	is)	the	
DATA??

BAV Cusp Repair: with Reimplantation



Brussels Group: Gebrine El-Khoury: JTCVS 2011



Excellent results with BAV Repair WITH
Re-implantation compared to other 
techniques



One Year Later



Excellent Results with 
Reimplantation procedure, 
regardless of pre-op annular 
dimension, with BAV Repair

Out to 6 years
2012 Publication



G. El Khoury Brussels

Bavaria et al



¡ Whether ALL BAV repairs should be done with a DV 
(or Root) procedure  OR  (VS)  Whether those 
patients with a Sinus diameter <45 mm (0r 40 mm 
for certain subgroups) should receive an Aortic RING 
ANNULOPLASTY with BAV repair. What’s the 
DATA?? 

¡ And , a lesser TECHNICAL issue: Whether All BAV 
repair cases should be forced into a 180 
Annular/Commissure configuration or should the 
Commissural angles be respected?





¡ 100% reimplantation; Large expert series (2013); 
very conservative
§ Avg age = 45
§ 6 year freedom from reop = 90%

¡ All patients had significant Annular Stabilization
§ Via the Re-implantation

¡ Only 31% had +2 or greater PRE-OP AI
¡ All were ROOT procedures



• Free margin shortening was major technique used for 
cusp repair 

• Perforated cusps were replaced – NO PATCH repair
• BAV presenting with dilated aortic annulus underwent  

valve-sparing root reimplantation regardless of root 
aneurysm size (NOT Subcommissural Annuloplasty)

• Avoid triangular raphe resection and cusp plication to 
reduce risk of impaired cusp mobility

“If the 2 fused cusps are thin, not excessively prolapsing, and the raphe is 
not densely fibrotic or calcified, free margin shortening is usually 
adequate.”



• 73 BAV patients underwent valve-sparing root reimplantation
• 66% had concomitant cusp repair
• Excellent results at 6 years: freedom from reoperation: 90 ± 5%, 

freedom from AI >2+: 100%

METHODS describe evolution of BAV repair technique and surgical 
strategy aimed to mitigate risk of early and late failure resulting in 
recurrent AI and/or reoperation



From Emory Group (2017); N=223; 52/223 had BAV



Despite a > 50% Cusp Repair rate overall and a >
70% Cusp repair for BAV, The AR result was Good

Keeling, Chen, et al; Ann Thor Surg 2017

Note: In the Penn Series= 100% of 
Sievers 1 BAV had cusp repair



Preop AR	grade	had	no	effect	on	Mid-Term	(6-7	
year)	outcomes	regarding	development	of	>+2	AI
(52/223	had	BAV	VSRR)

Keeling, Chen, et al (Emory); Ann Thor Surg 2017

All patients with VSRR



Penn	BAV	Series	Data

BAV	vs	TAV
BAV	VSRR	vs	other	techniques

BAV	VSRR	vs		(matched)	Composite	Graft	Bentall

What about AI?



Outcomes with BAV Repair + Root 
Reimplantation: 

How do they compare to our institutional 
tricuspid aortic valve root reimplantation? 

BAV Sievers 1



Freedom from AI >2+ (%)
(100% of BAV VSRR had Leaflet Repair)

Data thru 4/2016; partial update 2016; Bavaria, et al; JTCVS 2014



LV Remodeling: Excellent in 
Both groups
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TAV	VSRR
BAV	VSRR

TAV: 54 to 51 mm 
p = <0.01

BAV: 57 to 52 mm
p: <0.01



Freedom from AI > +2 (Mod or Severe)
DV compared to Subannular Techniques

Freedom from
AI >2+ (%)

BAV 
VSRR

BAV 
SCA

BAV
External 
Annular 

Ring

1 year 100% 98 ±
2% 92 ± 7%

2 years 98 ± 2% 94 ±
3% 92 ± 7%

5 years 94 ± 4% 92 ±
4% NA

8 years 94 ± 4% 82 ±
9% NA

10 years 94 ± 4% 66 ±
17% NA

Log-rank p: 
0.17



Bavaria JE, et al. Ann Thorac Surg. 2016 Oct;102(4):1221-8.



¡ Whether ALL BAV repairs should be done with a DV 
(or Root) procedure  OR  (VS)  Whether those 
patients with a Sinus diameter <45 mm (0r 40 mm 
for certain subgroups) should receive an Aortic RING 
ANNULOPLASTY with BAV repair. What’s the 
DATA?? 
§ I’m Still not sure??

§ The best AV Repair is a Root!?

VS



¡ BAV repair with Reimplantation is very feasible with 
very good mid-term outcomes (8-10 years)
§ With minimal leaflet Calcification
§ Either 210/150 or 180/180 orientation is reasonable 

depending on pre-operative perimeter assessment
¡ Annular Stabilization is Critical 
¡ Re-Implantation (or Sub-annular Ring) accomplishes 

this stabilization goal.
¡ Simple SCA in pre-op Annular diameters >27 should be 

abandoned
¡ Reconstructive principles need to be vigorously 

upheld



Great Progress in 10 years!

Danke für Ihre Aufmerksamkeit



¡ Whether ALL BAV repairs should be done with a DV 
(or Root) procedure  OR  (VS)  Whether those 
patients with a Sinus diameter <45 mm (0r 40 mm 
for certain subgroups) should receive an Aortic RING 
ANNULOPLASTY with BAV repair. What’s the 
DATA??



¡ Whether ALL BAV repairs should be done with a DV 
(or Root) procedure  OR  (VS)  Whether those 
patients with a Sinus diameter <45 mm (0r 40 mm 
for certain subgroups) should receive an Aortic RING 
ANNULOPLASTY with BAV repair. What’s the 
DATA?? 
§ I’m Still not sure??

¡ And , a lesser TECHNICAL issue: Whether All BAV 
repair cases should be forced into a 180 
Annular/Commissure configuration or should the 
Commissural angles be respected?
§ I believe that 180 0r 210 woks fine so I respect geometry


