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Method

Advances in computing technology have

allowed the field and research of

Computational Fluid Dynamics (CFD) to

evolve and find solutions to an ever-

expanding array of complex real-world

problems.

One of the most sought out scenarios

simulated by CFD is the flow of blood

throughout the body. Since many

diseases that affect the body are related

to blood flow, this line of research has

great potential to aid the progress of

medical intervention and treatment.

One such CFD library called Palabos has

found popular use as an open-source

CFD library that provides highly

customizable functionality for those who

need flexibility and multithreading

capabilities. CFD libraries like Palabos

have been used to create predictive

models for aneurysm growth[2] ,

peripheral artery disease[1] and the

monitoring of biomedical devices in the

vascular system.

Patient-specific images from a

computerized tomography angiography

(CTA) of a growing cerebral aneurysm in

2 different growth stages are segmented

and reconstructed using the Materialise

Mimics image processing software

(Materialise).

Introduction

• One of the foundational bases on which

CFD operates is using a probabilistic

model known as the lattice-Boltzmann

method to simulate the blood flow using

a series of equations that govern the

motion of fluids.

• Historically, the lattice-Boltzmann

method evolved from the lattice gas

automata, a technique which was used

to simulate the interaction between

adjacent gas molecules.

• The foundation of the lattice Boltzmann

method is the use of the kinetic theory

of gases in combination with a velocity

distribution function in which the state of

a molecule is defined by its’ position in

space, velocity vector and time.

• The objective of this research is to apply

the Palabos CFD library to simulate

blood flow in patient-specific vascular

geometries. The focus will be to examine

the association between hemodynamic

features and areas of aneurysm growth

to present the key hemodynamic

parameters essential for an accurate

prediction of aneurysm growth and to

gain a deeper understanding of the

underlying mechanisms.

The lattice-Boltzmann method uses a

statistical model based on molecule

collisions to construct a velocity

distribution function.

Figure A. In the two pictures on the left, a collage was collected of the patient geometries that were reconstructed in Materialise and

were subjected to CFD simulation testing. The images are in clockwise order from the left: (1) the force, (2) the wall shear stress (wss)

and (3) the pressure measured on the simulated models. The two pictures on the right represent the patient-specific geometries prior

to testing. It should be noted that the bottom geometry was sectioned from the upper geometry.
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Our examination of the flow patterns

within the aneurysm revealed significant

differences in both the wall shear stress

and velocity distribution in the regions

before and after aneurysm (Figure A).

Results and Discussion

These findings suggest that an unstable, low wall shear stresses within the aneurysm sac created in the

region adjacent to the aneurysm wall may be introduced as an accurate criterion to explain the

hemodynamic conditions predisposing the aneurysm to growth. Here, we only show the results of early

stage of aneurysm.

To determine which set of parameters can best identify growing and nongrowing aneurysms, the

authors will perform statistical analysis for consecutive stages of the growing aneurysm.

Our study will lead to introduce an accurate criterion to explain the hemodynamic conditions

predisposing the aneurysm to growth. Our findings will assist clinicians in differentiating stable and

growing aneurysms during pre-interventional planning.

http://www.youtube.com/watch?v=I82uCa7SHSQ

