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Speciiic Aims of the Current Project

- Use anatomically realistic 3D geometry

- Geometrical quantification: local and global geometrical
features from CTA/MRA/DSA 3-D mesh analysis

. Hemodynamic simulation: Simulation of blood flow in
anatomically realistic cerebral vasculature and aneurysms

- Correlate geometry and biomechanics
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Study Fopulation

< CTA/MRA/DSA reconstructed human cerebral
Aneurysms :,1_1(/_[‘_«2 with the surrounding

vasculature
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Part 1: Quantrying Geometry

< Geometry

< Size (objective) and shape (subjective)

< Quantitying geometry: numerical rather than descriptive

- I

(Global size indices: surface area, volume. maximum

diameter

ature indices

- P A W
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Quantitying Geometry: Overview

- Acquire 3-D digital data from CTA/MRA/DSA
< Develop algorithms for surface mesh refinement
< Isolate the aneurysm sac

< Quantity aneurysm volume and surface area

< Quantily aneurysm curvature

< Quantity other size and shape indices
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ISolating the Aneurysm
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Lstimaton ot Frincipal Curvatures

. : -
friangulated surtaces. 1in Geometric Modeling. G. F.

al, Springer-Verlag: 139-153.
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viean and Gaussian Curvatures
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< Size Indices

< Surrace Area - sum ol
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1 estng on kypothetical and Real Aneurysms
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Ruptured vs:Unruptured Aneurysms

-

< Blinded analysis of ruptured and unuptured
aneurysms asking which indices reliably
predicted ruptured or unruptured state

< Two-tailed Student’s t-test: p < 0.05

< ROC (Receiver Operating Characteristics) analysis:
sensitivity vs. 1-specificity

< Measure of predictive value - the more deviation
from null, the better
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ROC Curves for Geometrical Indices

ROC for 3D Geometrical Indices
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ROC

Order deviation from null Index Type p value p <0.05
1 0.33 Isoperimetric Ratio 3D, shape 0.002 TRUE
2 0.32 Gaussian Curvature 3D, shape 0.015 TRUE
3 0.31 Convexity Ratio 3D, shape 0.001 TRUE
4 0.30 Mean Curvature 3D, shape 0.007 TRUE
5 0.22 Aspect Ratio 2D, shape 0.018 TRUE
6 0.12 Neck Diameter 1D, size 0.318 FALSE
7 0.11 Bottleneck Factor 2D, shape 0.065 FALSE
8 0.10 Bulge Location 2D, shape 0.517 FALSE
9 0.08 Height 1D, size 0.207 FALSE
10 0.06 Volume 3D, size 0.297 FALSE
11 0.06 Maximum Diameter 1D, size 0.910 FALSE
12 (| X1/ Surface Area 3D, size 0.274 FALSE

Sunday, August 9, 2009



Summary: Geometric Predictors

< Shape indices are better predictors of rupture
than size idices

All 3D shape indices show statistically
significant differences between the ruptured and
unruptured group, while no size indices show
significant differences

The results by ROC and Student’s t-test agree
well 1n finding good predictors of rupture
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Pulsatiie Klow 1n the Circie o1 Willis:
Static Pressure

1.20e+03 1.30e+03
1.14e+03 1.21e+03
1.08e+03 1.12e+03
1.02e+03 1.03e+03
9.60e+02 9.44e+02
9.00e+02 8.56e+02
8.40e+02 7.67e+02
7.80e+02 6.79e+02
7.20e+02 5.90e+02
6.60e+02 ] 5.02e+02
6.00e+02 4.13e+02
5.40e+02 3.25e+02
4.80e+02 2.36e+02
4.20e+02 1.48e+02
3.60e+02 5.95e+01
3.00e+02 -2.89e+01
2.40e+02 -1.17e+02
1.80e+02 -2.06e+02
1.20e+02 -2.94e+02

6.00e+01 X —3.836+$_
0.00e+00 —4.71e+

Contours of Static Pressure {pascal) (Time=1.7205e+00 Aug 18, 2004 Contours of Static Pressure (pascal) (Time=1.8205e+00 Aug 18, 2004
FLUENT 8.1 (3d, segregated, lam, unsteady) FLUENT 6.1 (3d, segregated, lam, unsteady)

Sunday, August 9, 2009



Pulsatilie Klow 1n the Circle of Villis:
Shear Stress
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Pulsatiie Klow'in the Circle o1 Willis:
e10CIty Vector
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Pulsatiie Klow 1n the Circie o1 Villis:
Pathlines
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culsatle lowin abasiar Artery Aneurysm

4 50e+02 3.00e+01
4.28e+02 2.88e+01
4 05e+02 2.76e+01
3.83e+02 2.64e+01
3.60e+02 2.52e+01
3.38e+02 2.40e+01
3.16e+02 2.28e+01
2.93e+02 2.16e+01
2.71e+02 2.04e+01
2.49e+02 1.92e+01
2.26e+02 1.80e+01
2.04e+02 1.68e+01
1.81e+02 1.56e+01
1.59e+02 1.44e+01

-8.71e+01

: -1.109+02{‘

Contours of Static Pressure {pascal) (Time=1.6118e+00) Apr 02, 2004 Contours of Wall Shear Stress (pascal) (Time=1.6118e+00) Apr 02, 2004
FLUENT 6.1 (3d, segregated, lam, unsteady) FLUENT 6.1 (3d, segregated, lam, unsteady)

Sunday, August 9, 2009



4.41e-01 7.80e-01
4.23e-01 T 7.49e-01
4.06e-01 L 7.18e-01
3.88e-01 . 6.86e-01
3.70e-01 ;- R 6.55e-01
3.53e-01 g 2 > 6.24e-01
3.35e-01 s - S 5.93e-01
3.17e-01 : : 5.62e-01
3.00e-01 i ; 5.30e-01
2.82e-01 & i k : 4.99e-01
2.64e-01 i 4.68e-01
2.47e-01 ol : it G 4.37e-01
2.29e-01 ;i fyine o 4.06e-01
212e-01 f'r i St ; ¢ 3.74e-01
1.94e-01 RS R e e / 3.43e-01
1.76e-01 o, Rl 7 e . 3.12e-01
; 2.81e-01

2.50e-01

2.18e-01

1.87e-01

1.56e-01

1.25e-01

9.36e-02

6.24e-02

3.120-02

rd
0.008+00 gr‘

Velocity Vectors Colored By Velocity Magnitude (mlﬁ?_r(Time=1.61 18e+00)  Apr02, 2004 Contours of Velocity Magnitude {m/s) (Time=1.60185+00'2 Apr 02, 2004
FLUENT 6.1 (3d, segregated, lam, unsteady) FLUENT 6.1 (3d, segregated, lam, unsteady)

Sunday, August 9, 2009



Pulsatile Flow ina'Basilar Artery Aneurysm

Pathlines at maximum velocity
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Pulsatile Klowin a Side-Wvall Aneurysm
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Particle Residence Time

(D)

Particle Residence Time was |
defined as the time interval cutting plane
from first entry mto the /
aneurysm sac until last
exiting from it

)

Most particles enter the
aneurysm sac only once,
while some may cross the
neck (cutting) plane multiple
times
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Summary: Hemodynamics

The 3D flow field in the circle 1s very complex.
There 1s little mixing among flow fields supplied by the input arteries.

Pressure is the dominant hemodynamic load on aneurysm - shear stress
1S no more than 1% of pressure load.

The maximum shear stress value can be larger than that regarded to
cause endothelial damage.

3D vortices form inside all aneurysms.
The velocity vector field varies very little during the cardiac cycle.

Average particle residence times inside saccular aneurysms 1s < 0.2 s.
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Summary of the Project to Date

< Combined geometry-biomechanics modeling
methodology

< The geometrical analysis demonstrates that shape 1s
more closely correlated with rupture than size

< NIH ROI grant supported prospective study at Penn
State, University of lowa, MGH and Jefferson 1s

underway
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