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Investigation of the correlation between mechanical information and pathological inf
ormation on plaque rupture using human carotid arteries obtained at autopsy

Yamada, Hiroshi
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We compared the fibrous caps, which develop with plaques, with normal regions for

human carotid arteries and thoracic aortas obtained at autopsy. A significant decrease of distensibility a
nd significant increase of stress under uniaxial stretch were observed in fibrous caps, which were correla
ted with a significant increase of collagen and collagen type 1 as well as a significant decrease of elast
in. We showed a significantly low level of pressure compared to the blood pressure through a finite elemen
t analysis of a carotid artery with a liquid-like lipid core. We also established an evaluation of the eff
ect of three vascular layers in a rin?—shaped coronary artery by stretching test of these layers and by fi
nite element analysis with the initial geometry of these stress-released layers.



o

@
2010

MR1

o

@
37

®

4mm Imm 1mm
10%
1%/s
C))
(€)
€))
®)
®)

Picro-Sirius red

Picro-Sirius red
Movat

€Y

37



50kPa

0.06 0.09 0.08 0.24

1.2 MPa 1.7 MPa

0.3 MPa 0.7
MPa
to A/D converter
4‘_—94 displacement sensor
| »to A/D converter
}i~ load cell
—1— motor-driven stage
50 kPa
digital cameras
bi front view
spepimen — side view 50 KkPa
|7 — physiological saline
37 degrees centigrade
50 kPa
@
37
©)
80 = T T T T EE| 90
fibrous cap
1200 e (white plaque) +
59 years old, male 60 collagen 180
1000+ freezed 84 days J & >
—— whole O + + ]
—~  g8ook (thickness 1.76mm) | g 40~ clastin —70 =
®© —— media < / o
) (thickness 1.28mm) + ] <
%  600F — initima-media | 20| normal region 1s0
@ (thickness 0.49mm) / s
175) L J ; collagen
@ 400 Ok elastin 1 1 I 1 +#50
0.0 0.1 0.2 0.3 0.4 0.5
200+ e )
Strain at stress of 50 kPa
0 L L L
0.0 0.2 0.4 0.6 0.8
Strain
50 kPa
®)
3) 1.5mm 4mm
6.5
1.6
1.6
1.6
1.6
1.6
1.6
1.602
1.599
1.596
1.593
1.590
(4) -270.74
62 72
72 88
63 88 57 84

16 kPa
kPa




13 kPa 1.7 kPa 16 kPa
1.9 kPa
16 kPa
1.6 kPa
®
) 72
72
57
66
66 64 0
200 kPa
Ogden
M&M2014
200 T T T
© | Fibrous cap ]
% 150 (white plaque)
§ Fibrous cap
£ 100- (yellow plaque) a
= )
£
§ sof 1
z
Normal
0 1 1 1
0.0 0.1 0.2 0.3 0.4
Nominal strain
Ogden

1
H. Yamada and N. Sakata, Low pressure
condition of a lipid core in an eccentrically
developed carotid atheromatous plague: A
static finite element analysis, Journa of
Biorheology, , Vol. 27, 2013, pp.
9-17, DOI: 10.1007/s12573-012-0051-X.

10

67
March 14, 2014,

26
January

12, 2014,

M&M2013
, October 12, 2013,
H. Esmaeili Monir, Finite element

modeling of human common carotid
artery using layer-separated mechanical
properties and stress-free configurations,
7th Asian Conference on Biomechanics,
August 30, 2013, Seoul.

36
June 8, 2013,
H. Esmaeili Monir, Finite element analysis
of a ring-shaped blood vessel using the
mechanical properties of its intima and

media, M&M2012

, September 22, 2012,
2012
, September 12, 2012,
35
June
1, 2012,
51
May 12, 2012,

, 24
, January 8, 2012,

o
YAMADA, Hiroshi

00220400

®
SAKATA, Noriyuki

20134273



