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Structure 

Device sizing 

Annular rupture 

Para-valvular leak 

New pacemakers 

 Bicuspid aortic valve 

 Peripheral access 

 Post-TAVI CT 



N Engl J Med. 2011;364:2187-98 

N Engl J Med. 2016;374:1609-20 

Low risk population?  

Partner 1: High risk Partner 2: Intermediate risk 



Excellent outcomes data compared with 
surgical AVR 

Thourani V. et al. Lancet. 2016 May 28;387:2218-25 

Based on the 2017 ESC Valvular Heart disease Guidelines: 

Available data for TAVI mostly in population > 75 years: 
- Bicuspid aortic valve 
- Higher pacemaker rate  



CT sizing algorithms need to evolve with 
the devices 

Blanke et al. JACC int. 2017 

≥ 10% 5-10% 0-5% 0 to -5% < -5% 

Undersizing/oversizing 



Aortic Root - Complex anatomy 

• Complex anatomy 
• No direct vision of the aortic annulus as in surgery 
• Accurate assessment of the aortic annulus is important for TAVI 

Anderson RH. The surgical anatomy of the aortic root  
Multimed Man Cardiothorac Surg 2007 



CT Scan: Data Acquisition  
Acquisition 
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Reconstruction … 
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Why 1-D measurement (min diameter) of the 
aortic annulus is not enough? 

Blanke et al. JCCT 2014 

Hamdan et al. J Am Coll Cardiol 2012;59:119–27  



Distribution of Ellepticity index 

% 

Ellepticity index 

Aortic annulus oval shaped,  
  2D measurements assuming  

a circular shaped is problematic 



Men Women 

ST-junction (mm) 

SOV

10

20

30

40

50

BSA

1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6

Gender=Male

10 

20 

50 

40 

30 

1.4 1.8 1.6 2.6 2.2 2.4 2.0 

Sinus of Valsalva (mm) 

Annular area (mm²) 
area

100

200

300

400

500

600

700

800

900

1000

BSA

1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6

Gender=Male

100 

300 

900 

700 

500 

1.4 1.8 1.6 2.6 2.2 2.4 2.0 
BSA (m²) 

20 

300 

900 

500 

STJ

10

20

30

40

50

BSA

1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6

Gender=Male

10 

20 

50 

40 

30 

1.4 1.8 1.6 2.6 2.2 2.4 2.0 

BSA (m²) 

SOV

10

20

30

40

50

BSA

1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6

Gender=Female

10 

20 

50 

40 

30 

1.4 1.8 1.6 2.6 2.2 2.4 2.0 

BSA (m²) BSA (m²) 

STJ

10

20

30

40

50

BSA

1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6

Gender=Female

1.4 1.8 1.6 2.6 2.2 2.4 2.0 
10 

50 

40 

30 

BSA (m²) 

area

100

200

300

400

500

600

700

800

900

1000

BSA

1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6

Gender=Female

100 

700 

1.4 1.8 1.6 2.6 2.2 2.4 2.0 

BSA (m²) 

Hamdan et. Al; J Cardiovasc Comput Tomogr. 2017;11:87-96 

Sex differences in aortic root and vascular anatomy 



Which parameter should be used for 
aortic annulus assessment? 

D=Perimeter/π D=2√(Area /π) D= (max. Diameter + 
min. diameter)/2 



Multimodal Assessment of Aortic Annulus 
Diameter 

Messika-Zeitoun D.  et al. J Am Coll Cardiol 2010;55:186-94 

CT would have modified the TAVI  
strategy in 42% of patients 



Aortic annulus size 

Prosthesis  
Oversizing 

Annular rupture 

Prosthesis  
Undersizing 

Para-valvular  
regurgitation 

Embolization 



J Am Coll Cardiol 2012;59:00 



• PVL following TAVI with Sapien valve in 2434 patients 

• None/trace in 52.9%  

• Mild in 38.0% 

• Moderate/severe in 9.1%. 



CT after TAVI CT before TAVI 

Perimeter interference (oversizing) = 15% 
Area interference (oversizing)= 23% 



Annular Rupture 

• Occurred in 1.1%  Metaanalysis: JACC 2012 
• Associated with high mortality rate (48%): Circulation CV intervention 2012 
• 16-Center Study center with 31 annular contained/noncontained rupture 

P value Odds ratio Predictors of aortic root rupture 

< 0.001 30.9 (3.23 – 36.91) LVOT subannular (Rt/Lt Cusp) calcification mod./severe 

< 0.001 8.38 (2.67 – 26.33) Prosthesis oversizing calculated by area(> 20%) 

< 0.001 Sig. in univariate 
analysis only 

Balloon Postdilatation 



 Balloon expandable valve 
optimal goal: annulus area 
oversizing (5% to 10%) 

 

J Am Coll Cardiol 2013; 62: 431  





Peri-aortic Hematoma/Peudoaneurysm 



 
Core Valve 29 

 
 
Perimeter interference = 23% 
 
 
Area interference = 34% 
 
 

Non coronary cusp 

Non coronary cusp 

Left cusp 



Ribeiro et al.  JACC 2013; 62:1552 

< 30mm 

< 12 mm 

30-days mortality 41% 

 44/66888 (0.66%) 
 Predominantly LM 
More common in: 

 Women 
 Balloon-expandable TAVI 
 Valve in Valve 

LM < 12 mm and SOV < 30 mm 

- Obstruction 68% 
- Control 13% 



Approach to coronary obstruction risk 
assessment in VIV 

   Assessment of valve type: 
Stented vs. stentless 

Level of coronary ostia 

Coronary height and SoV  
assessment 

Stented Stentless 

No Yes 

Potential risk of  
coronary occlusion 

No risk of  
coronary occlusion 

Blanke et al. JCCT 2016; 10:491 

Assessment of VTC: virtual  
distance between transcatheter  
valve and coronary orifice  



Assessment of VTC 

High risk: <3 mm,  
intermediate: 3 to 6 mm,  
low: >6 mm 

Dvir et al. Circ Int 2015 



B C A 



Membranous septum = 3 mm Implantation depth = 8 mm 

Implantation depth = 8 mm 

* * 

C 

D 

Patients without PPM implantation after TAVI 

Membranous septum = 12.8 mm 

C 

Patients with PPM implantation after TAVI 

D 



Frequency of Congenitally Bicuspid Aortic Valves in 
Patients >80 Years of Age Undergoing Surgical AVR 

• The most common congenital heart disease: 1.3% of the 
population worldwide  

• Bicuspid AV is the most common cause of AS requiring surgery 
in young adults 

92% 

52% 

22% 18% 

Roberts WC et al. Am J Cardiol 2012;109:1632–1636 



Traditional Classification of BAV by Sievers 

Hans-H. Sievers, MD, and Claudia Schmidtke 

Unicuspid 



A Bicuspid Aortic Valve Imaging Classification for the 
TAVI Era to better Predict Outcomes 

• Possible predictors of post-

procedural aortic 

regurgitation:  

 - Inter-commissural distance 

 - Absence of baseline CT 

 - Raphe length > 4mm 

 - Extent and distribution of 

calcium 

 - Extent of leaflet 

asymmetry  

Functional/ 
acquired 

H. Jilaihawi et al.  J Am Coll Cardiol Img 2016; 1145: 58 

Congenital 

Larger diameter of: 
 STJ, Ascending aorta,  
intercommisural distance 
Annular rupture risk 



Great Challenges for TAVI 

• Diagnosis & complex anatomy 

• Sizing: 
– Annular sizing 

– Supra-annular sizing 

– Balloon sizing 

• Aortopathy 

• Optimization of the positioning and full device 
expansion for: 

• Better final haemodynamics 

• Lower rate of AR and pacemaker implantation 





• Multicenter study, 139 Bicuspid AS (9%) 
• Old Generation valves: Saphien XT, Core Valve 
• TAVR with is feasible in selected patients with BAV 

(device success of 90%, 1-year mortality of 17.5%, 30-
day incidence of stroke of 2%) 

• Excess of aortic regurgitation: 28.4% 

JACC 2014;64:2330 



• Extreme and asymmetric calcification 
• Heterogeneity of leaflet morphology 
• Densely calcified raphe 
• Annular eccentricity,  

• Calcification of the left ventricular 
outflow tract 

Challenges: Complex Anatomy 

Advantages of 3D imaging (Cardiac CT) 
• Bicuspid AS is often underestimated by 2D-imaging and may 

sometimes be overestimated* (diagnostic performance 53-93%) 
• Incidence of significant aortic regurgitation is high in old 

generation TAVI valve (24%) but 3D assessment (CT) reduced 
aortic regurgitation to 17% 

Circulation CV interv. 2013;6:284, JACC 2014;64:2330 

 



Challenges: TAVI Sizing 

Annular  

method 

Commissure to Commissure  
method 





Challenges: TAVI Deployment 
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Evolut R Evolut PROSection planes

BB’

• The regurgitant flow through 
the Evolut PRO is 20 times 
smaller than in the Evolut R  

• The presence of the outer cuff 
in the Evolut PRO leads to a 
reduction in the degree of 
paravalvular leaks with respect 
to the Evolut R when deployed 
in BAV 

TAVI deployment 

School of Mechanical Engineering 



Post-TAVI CT 

A 78-year-old woman  
10 y: Surgical AVR Mitroflow 21mm 
7 months: TAVI Evolute-R-23 mm for degenerative Mitroflow valve 
 Clinical presentation: effort dyspnea  
 Echo: increased gradient (peak gradient 46 mmHg) 
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Minimal lumen  

diameter 

Vascular calcification 

Tortuosity 

Peripheral access 



 Moderate-to-severe arterial calcification 3-fold increase in vascular 
complications (29% vs. 9%) 
 minimal arterial lumen diameter less than that of the external sheath 
showed a 4-fold increase (23% vs. 5%) 

Reduction of Vascular Complication 

Toggweiler et al. … Webb. JACC 2012, 59:113 



Key massages 

• Major role of CT for the assessment of morphology  
/sizing of the valve, aortic root and the ascending aorta – 
major role for device selection 

• Field is moving from historical device selection based on 
sex or 2 D measurements to a truly patient’s specific 
approach to TAVI selection 

• Patient’s specific anatomy (not the STS score) predict the 
risk in TAVI 

• There will be zero tolerance for adverse outcomes with 
TAVI in intermediate and low-risk patients, as these 
patients continue to be excellent candidates for surgery 

• Bicuspid valves are not a contraindication to TAVI with 
equivalent outcomes to tricuspid valves 

 


