FALRE R R 28(1) : 5~13, 2019

N E}E
e A

KRERICBITA2 V¥ 22— % — BRI

(MRS 7 N A/ N
SRS RERE SRR RN WD

PR R R R

Wrgeit s s v — 7

Computational Fluid Dynamics Modeling in Aortic Diseases

Takuya UEDpA, MD. PhD.! and Hiroshi Surro, PhD.?

'Department of Clinical Imaging, Tohoku University Graduate School of Medicine

*Advanced Institute for Materials Research, Tohoku University

Key words : Cardiovascular disease, Aorta, Aneurysm, Computational fluid dynamics

In recent years, computational fluid dynamics (CFD) has been attracted great attention in cardiovascular

medicine. In addition to the traditional assessment based on the anatomical information, CFD-based approach

provides an opportunity to add novel insights about vascular pathophysiology by understanding relationship be-

tween structure and biomechanical forces in flow dynamics. As CFD modeling is being widely used in clinical

situation, it is very important for clinicians to understand the basic principles, benefits and limitations, and pit-

falls of CFD modeling. In this paper, we present overview of CFD modeling and its application to aortic diseas-

es, mainly to aortic aneurysms.
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Blood flow
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Flow véctor
at systolic phase

CFD modeling : interaction between morphology, flow, and various biomechanical forces.

CFD modeling depicts interaction between vascular morphology and fluid-structure interaction to
understand pathophysiology of aortic disease. Difference of morphology (shape of the aorta) generates
various different blood flow pattern (flow dynamics). Due to the fluid-structure interaction (FSI), vessel
lumen is exposed laminar wall shear stress during the cardiac cycle. Also, pulsatile flow gives pressure to
the wall and the vessels are distended during the cardiac cycle. Such continuous biomechanical forces pro-
voke pathophysiological condition of aortic disease such as aneurysm. Aorta may cause rupture when
maximum distention force on the vessel wall exceeds tensile strength of the wall. Reproduced from ref. 1
with permission.
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Wall distensibility

Various hemodynamic forces of blood flow in the aorta

Schematic illustration of various hemodynamic forces of blood flow in the aorta. Through FSI, pulsatile
aortic flow generates wall shear stress (WSS) (the tangential force exerted by moving blood along the
vessel wall) and tensile stress (the perpendicular forces acting on the vascular wall) on the aortic wall dur-
ing the cardiac cycle. Reproduced from ref. 1 with permission.
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Flow vectar

3. Time course change of flow vector and WSS

Time course change of flow vector of blood flow (upper row) and WSS (lower row). Note that the pulsa-

tile nature of blood flow produces complicated temporal and spatial WSS patterns.

with permission.
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Flow vector Time-averaged
WSS " Y
0sl Pressure

on the vessel wall

4. Inter-relationship between flow, time-averaged
WSS, OS], and pressure on the vessel wall (dis-
tention force) .

Inter-relationship between flow vector at peak
systolic phase, time-averaged WSS, OSI, and
pressure on the vessel wall (distention force).
The interactions with pulsatile blood flow and ar-
terial structures generate complex hemodynamic
forces on the vessel wall with fluid-structure in-
teraction. Note that WSS is high and OSI is low
in the distal aortic arch due to constant laminar
blood flow, while WSS is low and OSI is high in
the thoraco-abdominal junction because of the
fluctuation of flow direction and WSS vector dur-
ing the cardiac cycle. Reproduced from ref. 1
with permission.
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Different patterns of anatomical geometry, flow, and various biomechanical forces.

CFD modeling simulates time-averaged WSS and OSI in patients who developed aneurysm on the aortic
arch (a), descending aorta (b), and abdominal aorta (c). To simulate the shape of the aorta before show-
ing elongation and dilatation (virtual pre-pathological condition), we generate aortic shape with uniform di-
ameter and a coarse-grained curve by decreasing the number of control points in Non-Uniform Rational B-
Spline (NURBS) representation (24) : original shape (right) and coarse-grained shapes (left).
a) CFD simulation in a patient with aneurysm on the aortic arch showed high OSI on the lessor cuva-
ture of the aortic arch both in original shape and coarse-gained shape.
b) CFD simulation in a patient with aneurysm on the descending aorta showed high OSI on the de-
scending aorta and thoraco-abdominal junction in the coarse-gained shape.
¢) CFD simulation in a patient with abdominal aneurysm showed high OSI on the thoraco-abdominal

junction and abdominal aorta in the coarse-gained shape.
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