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1. Why Biomechanics? 



BAV disease: a global public health concern? 

Roberts WC et al.  

Am J Cardiol 2012 

Roger VL et al.  

Circulation 2011 

Percentage of aortic 
valve stenosis patients 
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Clinical Evidence 
Pathogenetic 
Hypotheses 

e.g. 

Aortic dilatation occurs 
even without valve 

stenosis or regurgitation 

e.g. 

Hemodynamics do not have 
a role in the determinism of 

the dilatation 

Reasearch on BAV disease 

Hemodynamics Genetics 



mechanisms management 

PATHOGENESIS CLINICS 

“When the wise man 
points at the moon, the 
fool looks at the finger” 

 

Ancient Chinese proverb 

Hemodynamics Genetics 





Nistri S et al.  

Eur Heart J 2008 

Beroukhim RS et al.  

Am J Cariol 2006 

Fedak PWM et al.  

J Thorac Cardiovasc Surg 2003 

Aicher D et al.  

Ann Thorac Surg 2007 



Phenotypic heterogeneity may result 

from quantitatively varying 

contributions of either one of the 

coexisting determinants  

one or more genes  

(variable expressivity)  

one or more biomechanical stimuli  

(variable degree of derangement) 

Variable resulting phenotypes 

Heterogeneity The “Third Theory” 



2. Quantifying what’s quantifiable 

Forces acting on the bicuspid valve and aorta  



Conti CA et al. Med End Phys 2010 

Conti CA et al. J Thorac Cardiovasc Surg 2011 

The aortic root-valve unit: asymmetric anatomy and function 

8 healthy BAV subjects 

10 healthy TAV volunteers 



The model was 
discretised in 44,378 
shell elements 
(ABAQUS type S3R) 

Max principal stresses 



BAV R-L TAV 

Diverse stress patterns in diastole 



NR R 

unpublished 

TAV BAV RL (with 3D raphe) 

Structural 
simulation 

Fluid-structure 
interaction 
simulation 

SURGICAL IMPLICATIONS ?  
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Leaflet stretches:  
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TAV leaflets 

BAV leaflets 

PATHOGENETIC IMPLICATIONS ?  



Balachandran K et al.  

Am J Pathol 2010 “stretch bioreactor” 



High, pulsatile wall 
shear stress 

Low, oscillatory wall 
shear stress 





 Interleaflet 
Triangles 

Left 
Coronary 

Sinus 

Right 
Coronary 

Sinus 

Non 
Coronary 

Sinus 

Ascending 
Aorta 

S11 [kPa] 81 - 182 31 - 234 23 - 220 40 - 223 14 - 225 

S22 [kPa] -25 - 106 19 - 138 31 - 144 19 - 148 4 - 86 

S11 = circumferential stress 

S22 = longitudinal stress 

BAV TAV + 15% +36% 

a, c = circumferential stress 

b, d = longitudinal stress 



2) longitudinal stress σZ 

unpublished 

1) circumferential stress σθ 



• “in-vitro”, 
particle image 
velocimetry 

• Designed 
geometry, 
no patient 

• FSI, Mesh geometry from patients’ 
data, valve included, not patient-specific 

DIFFERENT METHODS,  

HIGHLY CONCORDANT RESULTS 

• CFD, mesh 
from 1 patient, 
no leaflets 

3) shear stress τ 



Which effects can abnormal stresses in the pre-natal 

period exert on the developing aorta ? 

PATHOGENETIC IMPLICATIONS ?  



BAV RL BAV RN 

Greater sinus 
dimensions in RL BAV 
type than in RN type 

? 



3. From Pathogenesis to Risk Stratification 

of BAV aortopathy 



The PARS-BAV project (2012-2015) 

Insights into the Pathogenesis of the Aortopathy for 
the development of new Risk Stratification criteria 

(Italian Ministry of Health grant n. GR09-1580434) 

Second University of Naples, Naples, Italy 

Politecnico di Milano, Milan, Italy 

“Federico II” University, Naples, Italy 

• New applications of alternative imaging modalities (e.g. MRI, 3D 

speckle-tracking echo) for assessment of aortic function 

• Development and semiautomatization of patient-specific 

computational models from MRI-derived geometry and flow data 

• Biohumoral markers of the BAV aortopathy 



6 cm is the critical dimension for the risk of catastrophic aortic events, because at 6 

cm the underlying remodelling has altered the mechanical properties of the aortic 

wall to the point that wall stress is closer to overcome the maximal tensile strenght  

Humoral biomarkers 
Molecular Imaging 

Functional Imaging  

Computational analysis  



Sigovan et al. 

Flow displacement 

Den Reijer et al. 

Flow jet angle 

Barker et al. 

Shear range index 

Della Corte et al. 

Cusp opening angle 

WHICH 
METHOD ? 

Stratifying 
for Flow 

Eccentricity 



Note: all four methods have shown good reproducibility 
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4. Still Misconceptions 

after decades of researching! 



“Exact solutions of Eq.(1) can 
probably not be drawn because 
nature is too complex” 

Sievers HH et al. EJCTS 2011;39:803-804 



«This is pure physics and hydrodynamic, respectively. […] Whether or not this is enough 

for dilatation and aneurysm formation remains open. The authors themselves are not 

fully convinced about the purely hemodynamic theory because they discuss the 

possibility that the jet and the regionally increased wall stress "could act as a stimulus to 

the expression of wall remodeling effectors“. 

 

 
 

[…] still open question whether or not congenital BAV and proximal aortic dilatation and 

aneurysm formation results from a common genetic defect that would call for a more 

aggressive treatment or from the altered hemodynamics that can be changed by simple 

AVR when necessary.»  

Anonymous expert, 2011 

“Hemodynamic” ≠ “benign” 

Tissue remodeling ≠ instrinsic disease 

(a journal reviewer on the manuscript “Restricted cusp motion…”) 



A little bored? 

Do not worry: Conclusions! 



 

• BAV disease is heterogeneous 

• Think of causative factors in quantitative terms 

• Need for risk stratification 

• Aortic function & refined hemodynamics 

• Biomarkers 

• Biomechanics + Genetics 

To sum up… 
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