Constructing Hexahedral Meshes of Abdominal Aortic Aneurysms for Use in Finite Element Modeling
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Introduction

As abdominal aortic aneurysms (AAAs) represent a leading cause of death in the U.S., computational models of AAAs are being developed to better predict location and risk of rupture.  Most of these models involve three parts: (1) equations to model blood flow and/or wall stress, (2) reconstruction of vessel geometry from CT or MRI data, and (3) finite element analysis (FEA) to numerically solve the equations.
One goal of AAA modeling is to explore the effects of the iliac bifurcation and thrombus on AAA development.  In order to obtain the best results from a FEA of an AAA, a high-quality mesh with regular elements should be used.  However, because of the geometry of the bifurcation and the need to distinguish between the inner surface of the thrombus and the arterial wall, especially in areas of thinning thrombus, obtaining a quality mesh can be difficult.  The goal of this project is to obtain quality finite element meshes of AAAs from CT data, including bifurcation and distinguishing between the inner surface of the thrombus and the arterial wall.  
These meshes may be used in fluid-solid interaction models in the future, potentially giving more accurate results than fluid or structural models and providing insight into how the iliac bifurcation and thrombus affect AAA formation.
Methods


Amira was used to segment CT scans of an AAA and generate triangular surface meshes of the inner luminal surface and outer arterial wall. 

In order to automatically generate parameterized representations of these surfaces, a method developed by Antiga and Steinman (2004) to automatically generate parameterized surfaces of blood vessels was extended for AAAs.  This method involves decomposing a bifurcation into three branches and constructing parameterized representations of the surfaces. 
The open-source code provided by Antiga and Steinman utilized Visualization Toolkit (VTK) and was implemented in C++ and Python.  I extended this open-source code using the Visual C++.NET compiler and ported the Python modules to C++.  The Windows version of my program was named WinBVG.
From the parameterized surfaces generated by WinBVG, a sweeping algorithm will be used to construct hexahedral meshes of the AAA that can be used in finite element analysis.  
Results

Patient 4 CT data obtained in 2004 was segmented, and triangular meshes defining the inner luminal surface and outer arterial wall were generated using Amira.  WinBVG semi-automatically computed centerlines, split a bifurcation into 3 topologically-equivalent cylinders, and generated a parameterized mapping of the cylinders.  

However, a triangular gap still remains between the patches in the bifurcation region.  I believe this gap can be eliminated by redefining the splitting lines or properly characterizing the triangular gap so that it can be used in the subsequent sweeping algorithm.  (See Antiga’s PhD thesis, pp. 96-99 for more details on dealing with the triangular gaps in the surfaces.)

Future work

The following tasks remain:
· Eliminate triangular gap between patches in bifurcation region.  
· Generate volumetric mesh from inner and outer surfaces.  The surfaces may be exported to another program to accomplish this, or the sweeping algorithm may be implemented in WinBVG.

· Write script to export meshes to Rhino or other finite element modeling software.
· Build GUI for the program, clean up code and make it more efficient.
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