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GOAL: Analyze the impact of morphology and
hemodynamic and morphology on the development
(rupture) of the aneurysm

Distinctive features:
a) Analysis of the parent vessel
b) Functional Principal Component Analysis (see

M. Miller plenary) for the investigation of the
data&simulations

Deliverable (expected Sept 2011):
A public Brain Aneurysm Images Repository +

Data
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DATA-BASE

GEOMETRICAL 

ANALYSIS

NUMERICAL 

MODELING

STATISTICAL

ANALYSIS

STRUCTURE OF THE PROJECT

Clinical Data

(DICOM)

3D reconstruction and

semi-automatic

detection of relevant 

morphological features

Correlation,

Functional Data Analysis

3D Simulations, FSI,

WSS Computation,…
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Geometrical Reconstruction
Source: Rotational Angiographies from Niguarda Hospital, Italy

Image Manipulation: Vascular Modeling ToolKit (L. Antiga, M. Piccinelli)

SegmentationROI 3D Model
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Identification of  morphological features

M. Piccinelli et al, IEEE Trans Biomed Imag 2009

VMTKRadius
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Curvature & Tortuosity of the ICA



13

A.Veneziani, 
Integrated Morphology+CFD Statistical Analysis of Parent Vessels in Cerebral 

Aneurysms



14

A.Veneziani, 
Integrated Morphology+CFD Statistical Analysis of Parent Vessels in Cerebral 

Aneurysms

Bends identification
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First results & statistical analysis (R)



16

A.Veneziani, 
Integrated Morphology+CFD Statistical Analysis of Parent Vessels in Cerebral 

Aneurysms

Ruptured vs Unruptured
*
=

sta
tistic

a
l sig

n
ific

a
n

c
e



17

A.Veneziani, 
Integrated Morphology+CFD Statistical Analysis of Parent Vessels in Cerebral 

Aneurysms

 Ruptured aneurysms of ICA are in a more distal position

 Ruptured aneurysms are close to the peak of curvature of each segment

 Upstream tracts of the parent vasculature in ruptured aneurysms intersect aneurysm

region with smaller angles, so that they do align more with the flow divider

M. Piccinelli, S. Bacigaluppi, E. Boccardi B. Iordache, A. Remuzzi, 
A. V., L. Antiga, Neurosurgery (2011)

 Bends hosting ruptured aneurysms are shorter, with a smaller radius, a less marked 

peak of curvature and a less abrupt torsion peak at the proximal bend boundary 

compared to those hosting unruptured aneurysms

Some conclusions
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Centerline-based registration and clustering
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RUPTURED vs UNRUPTURED 

L (Lower): Aneurysms proximal w.r.t. 
carotid bifurcation

U (Upper): Aneurysms distal w.r.t. 
carotid bifurcation

R: Ruptured aneurysms

N: Unruptured Aneurysms
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PCA and Functional PCA



21

A.Veneziani, 
Integrated Morphology+CFD Statistical Analysis of Parent Vessels in Cerebral 

Aneurysms

PCA and Functional PCA
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 ICA hosting proximal aneurysms (L class) are

 more bended

 smaller

 less tapered

than ICA for U class (distal aneurysms)

 No aneurysms class is similar to L

Some other conclusions (purely morphological analysis)

L. Sangalli, P. Secchi, S. Vantini, A. V., Jou Am Stat Assoc  (2009)
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Analysis reinforcement: Including CFD

Unsteady incompressible Navier-Stokes equations

Hypotheses & Design

Rigid vessel walls: no-slip boundary conditions

Inflow BC: Realistic velocity flow rate

Outflow BC: No-stress conditions

Synthetic description of hemodynamics

along the centerline



Average WSS as function of  the curvilinear abscissa
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Wider ICA Double bend Higher WSS peak

FPCA Results
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Conjecture

1) There are two statistical significant clusters of

Internal Carotid Arteries, S (2 bends) and W

(1 bend)

2) Double Bends probably ``protect’’ the aneurysms,

by dissipating blood energy, resulting in a lower

rupture risk

TO BE VALIDATED

SYNTHESIS
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Conclusions:

GENERAL: Proper statistical methods for the integrated 
knowledge extraction – numerical simulations treated as 
measured data

SPECIFIC: Some parent vessel features potentially 
provide landmarks for the assessment of a risk of rupture

TO DO LIST
1. Extend the number of variables analyzed (inclusion of the sac – in 

preparation)
2. Extend the number of samples
3. Validate our mechanical interpretation

REPOSITORY


