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Summary

Standardization of Analysis Conditions and Prediction of Increase Prediction Using
Blood Flow Analysis Software for Cerebral Aneurysms: Phantom Study and Clinical

Yuichi Nakai,' Hiroki Hamada,” Daisuke Kittaka,” Chikara Noda"’ Hisaya Sato”” and Kyoichi Kato™*

prediction there is a possibility.

(CFD), wall shear stress (WSS)

In recent years, reports have been made that predict the state of aneurysm by performing computational fluid
dynamics (CFD) analysis using cerebral aneurysm blood flow analysis software. However, analysis results are not
constant and there are various opinions, and it is conceivable that the image quality and analysis conditions of
medical images used for CFD analysis are not standardized. In this study, CFD analysis of cerebral aneurysm
phantom was performed, and image quality and analysis conditions were standardized. Then, we investigated
whether increase of cerebral aneurysm and prediction of rupture are possible. From this study, stable results of wall
shear stress analysis were obtained under slice thickness 1.0 mm or less, CT value 400 HU or more, reconstruction
function as soft part function, image SD under 10 HU. In addition, as the size of the cerebral aneurysm became
larger, wall shear stress tended to be lower, and the same tendency was shown also in clinical cases. Although CFD
analysis using software dedicated to blood flow analysis did not reach the prediction of rupture, it can be evaluated
based on the quantitative values for the aneurysm increase at the preceding stage and plays an important role in
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Thin slice images

such as CT, MRI (Surface mesh)

Flow visualization

Fig. 1 Flow of CFD analysis.

Extraction of blood vessel shape Generation of calculation grid

(Volume mesh)

{ Basic formula of fluid analysis: Navier Stokes equation )
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s the velocity of the fluid itself, p is the density of the

fluid.p is the pressure, v is the molecular kinematic
oefficient of the fluid, g is the gravitational

force on the unit mass of the fluid.

Z is a unit vector in z direction.

Calculate speed and pressure for each grid

Iterative operation of Navier
Stokes equation
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(a) Thin slice images such as CT, MRI, (b) Extraction of blood vessel shape (Surface mesh), (c)
Generation of calculation grid (Volume mesh), (d) Setting boundary condition, (e¢) Setting input
condition, (f) Iterative operation of Navier Stokes equation, (g) Flow visualization

Blood vessel

Vascular lumen

Blood vessel

Vascular lumen

Wall pressure

I

Vascular wall

Force applied perpendicular
to the vessel wall

Fig. 2 Wall pressure and wall share stress.
X: x-axis, y: y-axis, z: z-axis, 0: wall pressure, T: wall share stress
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Vascular wall

Wall shear stress®

Force applied parallel
to the vessel wall
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Internal carotid aneurysm phantom stereoscopic image

Middle cerebral aneurysm phantom stereoscopic image

Fig. 3 Created cerebral aneurysm phantom.
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__ Luminal
structure

Internal carotid aneurysm phantom = Phantom A

Middle cerebral aneurysm phantom = Phantom B
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Fig. 4 Change in WSS due to change in reconstruction function.
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Fig. 5 Change in image SD due to change in reconstruction function.
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Fig. 7 Change in WSS due to change in CT value.

phantom b

3D image

Fig. 8 Volume rendering of aneurysms with different sizes and visual field directions used for

analysis.
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Fig. 9 Changes in WSS due to changes in size of aneurysm.

Table 1 Changes in WP and WSS due to changes in size of
aneurysm (clinical 30 cases).

WP (mmHg) WSS (Pa)

Before the increase
After the increase

97.0+1.4 6.1+2.9
97.2+1.1 2.7+2.1

(Average+SD)
Clinical cases (N=30)

(Pa)
16

14

12

10

WSS

After the increase

Before the increase

Condition of aneurysm ¥ - P<0.05

Fig. 10 Changes in WSS due to changes in size of aneurysm

(clinical 30 cases).
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