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A new concept of data assimilation method between PC-MRI measurement and CFD simulation of

blood flow analysis on patient—-specific cerebral aneurysm

SN E!E

i SR (BF MBI o MKE) IkBEICxt 3 2 0 3 M © PC-MRIZ# & CFDY¥ T = L — ¥ =
vERAOWEHLERT —ZEAALTFEOMS

MXNEOES

Computational fluid dynamics (CFD) analysis has been extensively performed to investigate patient-specific blood flow fields
and hemodynamics factors on the cerebral aneurysm, There are two key issues for the patient-specific CFD simulation; one is
realistic vessel geometry, and the other is boundary condition, Meanwhile, the cerebral aneurysm often develops at the
bifurcation of cerebral arteries, so the analysis of the model with multiple outlet boundaries remains a critical issue, On the
other hand, according to the advancement in medical imaging technique. blood flow field is able to be obtained invasively
using phase contrast magnetic resonance imaging (PC-MRI), Unfortunately, since the current spatial resolution of the PC-MRI
is insufficient to reproduce the blood flow field in cerebral vessels with a diameter of a few millimeters, with directly using
PC-MRI velocity profile,  In this regard, various approaches to combine the numerical simulation and measurement data,
so-called data assimilation (DA) have been recently developed for blood flow problems, This thesis conducts a computational
approach based data assimilation on reducing the velocity differences between the PC-MRI measurement and the CFD simulation
on the patient-specific aneurysm,

In the first part of the thesis, the effects of extracted patient-specific geometries with different threshold image intensities on
flow solution were investigated by using CFD studies, The reconstruction of the vessel geometries was derived using the
determination threshold coefficient (Cthres) method and the blood flow analyses were conducted by a pressure fixed (P-fixed)
approach and flow-rate control (Q-control) approach, where expresses the outlet boundary in CFD analysis as an ad hoc outlet
pressure and adjustment the outlet pressure by modified the flow rate difference respectively, The results exhibited that the inlet
area and volume of the vascular model decrease as the value Cthres increases, whereas the wall shear stress (WSS) distribution
increases as Cthres increases, The minimum velocity difference between PC-MRI measurement and CFD simulation was
obtained at a Cthres value of 0, 3, This relationship potentially gives the physically adequate realistic vessel geometry to achieve
the minimum value of velocity difference on flow fields for each patient,

Next, the study was focused to propose a basic framework for imposing a pressure condition on the outlet boundary in order to
minimize the velocity differences between PC-MRI measurement and CFD simulation, The velocity-field optimized
(V-optimized) approach was proposed to couple velocity fields in the measurement and computation, in which a set of pressure
values on outlet boundary is determined based on an optimization problem, This present approach solves the direct problem
iteratively, To evaluate the effects of imposing the outlet pressure, this P-fixed approach, Q-control approach, and
V-optimized approach (the present approach) were compared, The result showed that, the highest reduction in velocity
difference occurs at the V-optimized approach, where the velocity difference (normalized by inlet velocity) is 19, 3%, This
present approach also confirmed that the differences in boundary treatments affect the WSS values in both local domains for an
aneurysm and non-aneurysm region,

For the consideration of improvement on the exhaustive search to find the optimal solution in V-optimized
approach, a novel data assimilation method for patient-specific blood flow analysis based on conventional feedback control
theory called the physically consistent feedback control-based data assimilation (PFC-DA) method was proposed, In the
PFC-DA method, the signal was attributed to a residual velocity difference between the numerical and measured velocities,
which is cast as a source term in a Poisson equation for the potential scalar field that induces flow in a closed system, The
pressure values at the inlet and outlet boundaries are recursively calculated by this potential scalar field, Through the feasibility
study on the PFC-DA method demonstrated the flow was automatically separated into respective daughter branches by
determining the boundary pressure and the higher resolution in computational mesh provides the WSS profile, As compared with
the proposed V-optimized approach, although this PFC-DA method does not guarantee the optimal solution, only one
additional Poisson equation for the scalar potential is required, providing an improvement for such a small additional
computational cost, These achievements clearly exhibit a huge potential of the new direction in patient-specific PC-MRI
integrated blood flow analysis for a cerebral aneurysm,
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