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Aortic Valve Anatomy
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Aortic Root Anatomy
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Incidence of Aortic and Mitral Valve Disease
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Causes of Aortic Stenosis
• Age related-Annular Calcification
• History of Rheumatic Fever
• Congenital Anomalies (Bicuspid)
• History of Chest Radiation
• Autoimmune Diseases
• Congenital Hypercholesterolemia
• End-stage Renal Disease
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Bicuspid Aortic Valve (BAV) 
Epidemiolology

• Incidence is 0,4-2,25% in the general population (a 
very common congenital cardiac abnormality)

• 20-50% of BAV patients will undergo AVR 
• 50% of SAVR patients of all ages is some form of  

bicuspid AS
• 27,5% of octogenerians and 41,7% of younger 

patients undergoing SAVR have BAV 
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BAV Sievers & Jilaihawi Classification
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Interventional Cardiology Review 2018;13(2):62–5.
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Jilaihawi Classification and MSCT Images



Concerns regarding Bicuspid vs 
Tricuspid Aortic Valve
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- Larger annulus
- Severe and asymmetric leaflet 

calcification
- Presence of calcified raphe
- Risk of coronary obstruction, annulus 

rupture, valve non 
expansion, paravalvular regurgitation

- Concomitant aortopathy
- Risk of aortic dissection and/or rupture
- Younger patients
- Long-term durability of transcatheter 

heart valves



Multicenter study in BAV (1st generation valves)
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Mylotte D et al JACC 2014; 64:2330

BE:20,8%

SE:17,5%



Multicenter study in BAV (PVL)
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Outcomes in Transcatheter Aortic Valve Replacement 
for Bicuspid Versus Tricuspid Aortic Valve Stenosis
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Procedure and Clinical Outcomes
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Outcomes in bicuspid vs tricuspid AS with early vs 
new-generation devices
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2 year cumulative all-cause mortality rates in patients with bicuspid 
(orange) vs tricuspid (blue) in a propensity score matched cohort
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TAVI in BAV according to Device
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Risk of annulus rupture

2ο Συνέδριο Δομικών 
Παθήσεων Καρδιάς & 

Βαλβιδοπαθειών
Yoon et al JACC 2017;2579



Incidence of >grade 2 PVL
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Bicuspid Aortic Valve European Registry

• 7 Centers in Europe & 1 in Canada
• 51 Patients with BAV underwent TAVR 

with Sapien 3 Valve
• STS PROM: 5,2%+/-3,7%
• BAV Type 0: 11,8%, Type 1: 84,2%
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JACC Cardiovasc Interv. 2016;9(8):817-824



Bicuspid Aortic Valve European Registry 
– 30 day outcomes

Death 3,9%

PVL (mild) 37%

PVL (severe) 0%

Vascular Complications 3,9%

Pacemaker 23,5%
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Transcatheter Valve Therapies 
(TVT) Registry

• 92236 Patients underwent TAVR with Sapien 3 
Valve between 6/2015 and 11/2018

• 2726 (3%) had BAV c/w 79096 with trileaflet AV
• 1:1 PM score (2691 pts – exluded those who 

underwent TAVR w older devices)
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30 day TVT Registry Outcomes
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*
* *

Makkar R, et al JAMA 2019;321:2193



1 year TVT Registry Outcomes
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National Inpatient Sample (NIS) Database: 
TAVR vs SAVR for BAV
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NIS Database 2012-2016
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NIS database-Subgroup Analysis
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Current status and planning of 
performing TAVI in BAV patients

• Role of MSCT and careful selection of 
eligible patients

• Appropriate sizing and using of the 
correct device

• Technical procedural considerations 
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Advantages of MSCT

• 3D assessment of annular morphology and 
dimensions

• LVOT, SV and aortic root assessment
• Determination of coronary height
• Presence of concomitant aortopathy
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Calcification of bicuspid raphe
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Calcified raphe 
between L & R

Mid aortic sinus –
calcified raphe

Hockey puck view-
fusion of raphe and 
nodular calcification 
of leaflets

Calcification and 
fusion of L&R raphe



Leaflet Asymmetry (raphe between R&L –
asymmetry of non coronary sinus)
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Low coronary ostia
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Type I-R&L 16,9 mm fused cusp – Asymmetric annulus Coronary ostia at 11 mm



Eur Heart J. 2017;38(16):1177-1181. 
doi:10.1093/eurheartj/ehx167

Procedure and Technical considerations-MSCT Images
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Type 0 (A1-A2)

Type I (B1-B2)
Coronary cusp 
fusion

Type I (C1-C2) 
Mixed 
coronary cusp 
fusion

Presenter
Presentation Notes
Figure 1 Bicuspid aortic valve types (BAV). (A1 + 2) Purely BAV, Non-Raphe-type or BAV type 0; effaced sinuses. (B1 + 2) Raphe-type BAV with coronary cusp fusion (Left-Right) type; normal sinuses. (C1 + 2) Raphe-type BAV with mixed cusp fusion (non-right) type; effaced sinuses.




Eur Heart J. 2017;38(16):1177-1181. 
doi:10.1093/eurheartj/ehx167

Procedure and Technical considerations-MSCT
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Type I mixed cusp fusion Difficult annulus 3D allignement Coronary ostia>10 mm

Presenter
Presentation Notes
Figure 2 Computed Tomography-Imaging of bicuspid aortic valve. (A) Raphe-type bicuspid aortic valve (BAV) with mixed cusp fusion (non-right) Type. Unequal-sized leaflets with big left cusp and fused Non- and Right Cusps. (B) Annulus-measurement: difficult 3D alignment mainly in case of purely bicuspid valves type 0, with tendency of underestimation of the annulus-size. (C) Distances to coronaries ≥10 mm; the cusps are longer in BAV and need more space towards coronary ostia. Sinuses are more often effaced with an additional risk of coronary obstruction and injury of the sinuses.




Eur Heart J. 2017;38(16):1177-1181. 
doi:10.1093/eurheartj/ehx167

Procedure and Technical considerations-Wiring
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Presenter
Presentation Notes
Figure 3 Retrograde crossing technique. (A1) Bicuspid aortic valve (BAV) (Left-Right) type. (A2) Root shot and predicted crossing point between non- and fused left- and right cusps. (A3 + 4) Crossing with AL1 starting in the non-cusp and rotating clockwise to move towards the fused left- and right cusps. (B1) BAV (non-right) type. (B2) Root shot and predicted crossing point between left- and fused non- and right cusps. (B3 + 4) Crossing with AL1 starting in the left cusp and rotating counter-clockwise to move towards the fused non- and right cusps.




Eur Heart J. 2017;38(16):1177-1181. 
doi:10.1093/eurheartj/ehx167

Procedure and Technical considerations
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Type I-N&R fusion) 20 mm Balloon Sapien 3 23 mm 

Sapien 3 under-deployment Post dilatation with normal volume and final result

Presenter
Presentation Notes
Figure 5 SAPIEN 3 Implantation in a bicuspid aortic valve (non-right) type:. (A) Root alignment. Red arrow shows the valve opening. (B) Balloon-Sizing: 20 mm balloon touches hinge points, no contrast backflow, preserved coronary flow. ‘Material’ (Calcifications) pushed towards the left cusp (white arrow). (C) Placement and Valve Alignment. Alignment of the valve frame should be verified. (D) Initial under-deployment of 23 mm SAPIEN 3 (minus 2 mL) to avoid annulus rupture. The valve is more compliant with concave frame; the calcification is pushed towards the left cusp (white arrow). (E) Decision for post-dilatation with nominal filling volume in this case because of enough space in the annulus. Result after post-dilatation with optimized deployment of the valve frame. (F) Functional assessment of the final result, No paravalvular leakage.




Bicuspid Valve TAVI Case
• 84 yo male with worsening dyspnea (NYHA III)
• Cardiac Echo with severe AS (0,6 cm2, mean 

gradient 60 mm Hg, EF=45%, PA pressure 56 
mm Hg)

• Ostial LM (40%) and mild rest epicardial 
atherosclerosis

• Afib undes anticoagulation, PVD, Pacer, mild 
COPD
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MSCT Analysis
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MSCT Images (Type I N-R)
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LM Angiography
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Pre TAVI Aortogram
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TAVI pre sizing (22 mm Balloon)
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Post Initial Deployment
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Post TAVI Balloon (28 mm)
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Final Result (PVL 1-2)
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Conclusions
• TAVI in patients with bicuspid aortic valve is feasible but has challenges
• Requires careful selection of eligible patients based on Imaging criteria 

(MSCT) & type of bioprosthetic valve
– Annulus size
– Coronary Ostia
– Asymmetry of leaflets and calcification
– Calcification of raphe
– Concomitant aortopathy

• Procedural considerations
– Wiring of the valve
– Balloon pre sizing and post deployment
– Stroke prevention?

• Outcomes with second generation devices are comparable (short-term) 
with tricuspid valve patients undergoing TAVI and with those with BAV 
undergoing SAVR
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