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imulation\CAS1_78Y_M\CAS1_preop:

input voxel : size = 288 320 104 : res= 0.4
---- histogram
-500 :

=1-{ CAS1_preope_MRA_
& Empty
:+] Threshold 200
¢ remove bone
€+ remove edge
¢+ extract carotid a
¢+ thinning

coococoocooo

&3
thinning a»nd prunll o onesgs
¢+ labeling bif 100 : 1819169
3 : 268422
&3
2] structures : 26578
&1 structures label : 5935
2 300 : 3574
¢+ cross section . 2470
11878
11556
11001

850:
900 :
950:
+1600:0
expand ratio =
expand voxel : size= 864 960 335 : res=(
---- start batch process --—--
threshold ct value = 200

- remove bone
- remove edge area

e

lodel View
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1D model 0D model
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‘\-;k‘-—_FZ” A(L,t) 9 R L 9
AL s
P( ng

: A S —
W/ L
<1D Simulation> <0D Simulation> \_
. Pressure_waves due to wall dynamics *capilary, vein, heart are molded »  :dynamic viscosity
are considered * Lumped parameter model D :pressure
@  :flow rate
- Governing Egs. - Governing Eq. Ap  :reference area
. A :area
Mass conservation Eg. C’@ +Qir1 — Qi =0 o :reference diameter
oA 0Q 0 dt ! ! o :Poison ratio
ot + 2 a0 E  :Young Modulus
Momentum conservation Eq. L= = = (Pt = ) = RQia ho  :wall thickness
oQ d Q2 AJP Q _ . N C : compliance
2 T3 (Z P 8mv—~ =0 - Discretization R - resistance
) ) Time: 4™ oriderRunge-Kutta method L :inductance
Relationship bt.pressure-area At=50x%10"" s
Eh A
P—Py=——— |41
ro(l —0?) Ao - Lumped parameters
Te values of C,R, and L are varied with an age and taken from

- Discretization method
2 stpes Lax-Wendroff method

At =50x10""s

references™®.

*N. Stergiopulus, et al. Journal of Biomechanics 25,1477-1488 (1992)

K. H. Parker et.al, Journal of Biomechanics 37, 457-470 (2004) 20
F.Y. Liang et al. Journal of Biomechanics 42, 692-704 (2009)

Young modulus varies with an age
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1.Flow Rate & Pressure (MRI)

Averaged FR(mI/min)

Rt. ICA 51.1 231.8
Lt. ICA 76.4 186.9
BA (56) 154.9  142.0
Rt. MCA % 71.2 50.3

Lt. MCA 23.1 59.3

Averaged BP 100.0 95.0
(mmHg)

2.MRA & CTA (Pre- & Post-)
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Post_data L:84.4
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Pl RIT - 6172 O LLBR

@ Resistance (mmHg+s=ml(-1)) € Stenosis

0.85(0.871~1.00)

(580 [ 706 )0 P67 63 1 65 M7 o)

No.1(pre) . 71.5 | 71.2

N

No.1(pre)

No.2(post)

@ Flowrate(ml/min)

EHT—4 |
(ore) . 775 | 71.2

No.2(post) 71.0 71.0 | 50.0

RAT 4 | 71.0 710 | 50.3

5 M £ (mmHg)

SRR DFREMILS)EHREEICHT HEIE
99.7(700)
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O ETDREBTEHLI=/NSA—2ZALY, LICAOBREZLGLLELT, &R
& Resistance (mmHg=s=ml(-1))

Measurement(post)

No.1(pre)
No.2(post)

962 107.8

710 71.0 : 3 1547 1547
E—-I-jgl-,; L.MCA(67) |:> EM

ro ro:1.04mm

r1:0.80mm
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prospectively ECG-gated single-heartbeat axial 320-MDCT

0.5mm (detector’s interval) X 320 = 16cm
Round-trip time =0.35sec

TOSHIBA MEDICAL Inc.I Aquilion ONE

Simplified illustration of rhc scanning sequence,

Acquisition data
- male , 60 year
Z_I: - 20 CT data
- 40msec interval
- Single heart beat~800msec
- resolution 0.234 x 0.234 x 0.5
mm
- pixel number 512 x 512 x 640
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-200
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Active Contour Model

Minimize Energy function

EEOCTE(E BEELO1SA1AD e .
MpERSRpHic,  FX)=SRPX)
explicitiE AiEEERSH  MEE 3I*J|/:F2_ i
S-.v:%'l-: w,'s 2—\ +w, s Zz‘: ]ds
Rz & AR oL T —

Regi ingi®) |
(RegionGrowingi%) : Plx)= |P(\(S)HS

B%Faﬁ%ﬁﬂ)_\i (Euler — Lagrange equatlon)

' \ 8x(5 t) o a x[s t) s a' x[s r) - VP
of 3s as'
i *Dﬁﬁﬂj Snakes [1988, Kass, Witkin, Terzopoulos] /
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MESIRMEND. $I1. Scm TZ 5T
MEEDESE., CTERNCEZRRAZERGL TEHE

radius_min raius_max . Thickness AP  YoungZ® [+ 5%

(mm) (mm) Stalh (mm) (mmHg) (kPa) {&%(kPa)

A SEEAK 2.62 2.84 0.082 1.2 KA 209 86
JSEBIAR O A 3.61 3.80 0.052 19 533 268 137

TABLE 5. Pressure-Strain Elastic Modulus and Young’s
Elastic Modulus of Participants in Atherosclerosis Risk
in Communities Study

Age Pressure-strain Young’s
group —

45-49 105+39 11639 701324 7711 %309 i‘

ATHEROSCLEROSIS RISK

50-54 127+52 127+49 825+387 817x375 | IN COMMUNITIES STUDY
55-59 14255  144+61  868+409  882+448 ‘
60-64 163+65 165+79 965491 3:557
’ ; . 3
Ward A. Riley,et al. “Ultrasonic Measurement of the Elastic Modulus of the mEEDES
Common Carotid Artery”, Stroke 23, 952-956 (1992). ~0.7mm

O 15



INEIAREZ =DV T

2 EEDEERE: 1MPa,
AR :0.3mm
21 BEDPoissontt : 0.45

2% : NewtonFit{&Z{RiE,
LR #4.0cP (Re = 80 “400)




3Xot: Mt MEEDHE{EHA
ALE Finite Element Method

Fluid(incompressible blood flow)

=ci1(I, — 3) + ca (11, — 3) + c3(I. — 3)*

+ea(Ie = 3)(IL = 3) + es(I1. — 3)* + ¢s(I. — 3)° ")

(
+cr(I. — 3)*(I1, — 3) + cs(I. — 3)(I1, — 3)?
—|—C9(IIC — 3)

C; = 1.7 x 10°> C, = 0.0 C3 = 1.0 x 10%

C, = 0.0 Cs = 1.0 x 10° Cg = 1.0 x 10°
C7; = 0.0 Cg = 0.0 Cg = 0.0

Structure (arterial wall

stressstrain behaviour

voung's modulus
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bourijary
, condition |

1 principal strain at the peak of systole:

©
- 0.00e+000

),/ '3.2"! —2.40e—003l

<I ~4.80e-003 |

—-71.20e-003

.,
)
l
press. ire
fiewy cate
1] \J
1
pressre

\ -9.60e-003

3-D / 1-D Junction .
-1.20e-002

Pressure A (Pa) —
FLOW_RATE A (m3/sec) ~~ 7
Pressure B (Pa) —
FLOW _RATE B (m3/sec) ~ 7'~

Maximum strain of value 1.2 % near the
neck area

2.5e-006

[m3/sec]

1.5e-006

Outlet
- mean flow-rate = 2.75e-07 m3/sec (32%)
- systole pressure = 137 mmHg

Outlet
- mean flow-rate = 5.96e-07 m?/sec (68%b)
- systole pressure = 119 mmHg

Pressure[Pa]

0
e,

Flow_rate

.....

Time [sec]
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e

WSS (Pa)
4
1
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-
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WSS=Wall Shear Stress B E & A MG,
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WSSx (Pa)
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WSS (Pa)
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