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The verification and validation framework developed in this project is the first standard for the
use of computational fluid dynamics simulations in the hemodynamic analysis of intracranial
aneurysms. Available to the research community, it aims to improve the accuracy of CFD studies.

The purpose of this project was to establish a verification and validation
(V&) framework 1in order to standardize the CFD simulations of intracranial aneurysms (IA) which
are essential to develop stents, coils and flow diverters used in IA management. The proposed V&V
framework was developed using idealized and generalized models based on patient-specific
populations. Direct Numerical Simulation (DNS) were performed and simulated hemodynamics were
validated using Particle Image Velocimetry (P1V) experiments. Effects of viscosity, wall compliance
and flow models on intra-aneurysmal hemodynamics were investigated. Results of this project will be
made available as a database to the biofluid dynamics research community.
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— Background of the study

Computational fluid dynamics (CFD) has become the dominant research tool for
investigating numerous aspects of intracranial aneurysm (IA) hemodynamics; most
importantly growth and rupture mechanisms and their relation with vascular hemodynamics.
CFD simulations are used to design, improve and examine new management methods
including stents, coils and flow diverters. Nevertheless, despite the plethora of publications
reporting CFD simulations of IA hemodynamics, there is no standard for using different CFD
models in IA hemodynamics simulations. A recent review of 1A hemodynamics literature
conducted by our group revealed very interesting information about the trends of using
different CFD models in 1A simulations. As the main method of research, CFD simulations
comprises 47% of the papers. By exploring this amount of papers, several controversies have
been found. There is no consensus on the use of appropriate viscosity models. Classic and
mainstream literature (90% of the papers) used Newtonian viscosity for the blood based on
the assumption that shear rates in intracranial arteries are high enough to demolish the
shear-thinning and viscoelastic properties of blood. On the other hand, there is a growing
trend (10% of the papers) which asserts that neglecting the latter properties results in over-
predictions of rupture risk measures such as wall shear stress (WSS). The use of steady
models has been dominant (69% of the papers) along the past two decades. Recently (2005
onwards) it has been confirmed that steady models are insufficient to investigate rupture
risk of IA. Moreover, the vast majority of CFD simulations assumes that blood flow is a
laminar pulsatile flow (96% of the papers). Recent Direct Numerical Simulation (DNS)
results showed that subcritical transition, with turbulent-like velocity fluctuations are likely
to exist in IA.

— Research Purpose

The purpose of this project was to establish a verification and validation (V&V) framework
for the computational fluid dynamics (CFD) simulations of intracranial aneurysm (1A)
hemodynamics. For the past two decades, CFD simulations of IA hemodynamics have been
the primary research tool in the field. However, the state-of-art practice lacks V&V
framework. The United States Food and Drug Administration (FDA) has one framework only
for CFD simulations of cardiac hemodynamics. However, there is no similar standard for
intracranial hemodynamics simulations. The FDA V&V framework for cardiac
hemodynamics simulations cannot be used for 1A simulations because of the fundamental
differences between blood in the cardiac and intracranial cycles. This project aimed to
establish a V&V framework utilizing Direct Numerical Simulation (DNS) and laser
measurements in order to standardize the CFD simulations of 1A which are essential to
develop stents, coils and flow diverters used in IA management. The proposed V&V
framework was developed using generalized models based on patient-specific population and
will be made available to the biofluid dynamics research community.

— Research Methods

[To be disclosed at a later date]

— Research results

[To be disclosed at a later date]
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Project introduction website:
https://simontupin.github.io/1A_hemo_database/
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