Laplacian surface editing of blood
vessels

Background:

Aneurysms like the one shown in Picture 1, is quite common. Around 1% of the population
have them.

Aneurysm

Picture 1. Aneurysm in the circle of Willis.

The aneurysms are most often found in a network called the circle of Willis, Figure 2, which
lies beneath the brain. This circle supplies most of the blood to the brain.



Internal
carotid

cerebral

Basilar
artery

Bottom view of brain
FADAM.
Figure 2. The circle of Willis.
The risk of having an aneurysm is that they may burst and cause a stroke. Developement and
rupture of aneurysms have been related to high blood pressure, smooking etc. A recent

theory suggests that also the shape of the network is important [1, 2]. As can be seen in
Figure 3, the shape varies a lot.
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Figure 3. Variations in the circle of Willis.



Software library: vmtk - Vascular Modeling
Toolkit

The Vascular Modeling Toolkit is a collection of libraries and tools for 3D reconstruction,
geometric analysis, mesh generation and surface data analysis for image-based modeling of
blood vessels. More information about this library can be found at

URL: http://villacamozzi.marionegri.it/~luca/vmtk/doku.php

VMTK has been implemenented by Luca Antiga (Mario Negri Institute, Bergamo, Italy)
who will be one of the supervisors on this project. VMTK has been used to create the
vessels shown in Figure 1 based on CT data.

Master Project.

In this master project we would like to extended VMTK with Laplacian surface editing [3]
such that one can perform parametric variations of the circle of Willis. The geometry of
blood vessels like that in Picture 1 will be represented by a triangular mesh where each
triangle vertex is encoded relative to its neighborhood by means of Laplacian coordinates.
This is an elegant and convenient geometric representation which make surface editing
relatively simple. Our aim is to study the differences in the hemodynamic forces caused by
the geometric variations. However, doing the blood flow simulations will not be a big part of
this project.
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