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Abstract

Arterial stenosis and the consequent cardiovascular diseases such as ather oscler osis remain the major
cause of mortality in the world. In this study, blood flow was analyzed in a three-dimensional model of
stenosed carotid artery with asymmetric stenosis utilizing fluid-structure interaction method. The
modeling was performed by ANSY S finite element software. To overcome the softwar e inconsistency
in FSI mode, a new code was designed in ANSY S multi-physics environment for coupling of solid and
fluid domains via incremental boundary iteration method. The results indicated a considerable
variation of local blood pressure, velocity and shear stressin stenosed artery, high pressure drop along
stenosis, compressive stress and larger flow separation zone in the post-stenotic region as the result of
increased eccentricity of stenosis. The results might be applied in evaluation of plaque severity,

progression of disease, plaque growth and vulnerable regions of plaque to fracture.

Keywords: Arterial stenosis; Blood flow; Fluid-structureinteraction; Plaque rupture; Finite element method

*
Corresponding author
Address: Mohammad Tafazzoli-Shadpour, Cardiovascular Engineering Lab, Biomedical Engineering School, Amirkabir University of Technology, Hafez Ave., Tehran,
Iran
Tel: +98 21 64542385
Fax: +98 21 66468186
E-mail: tafazoli@aut.ac.ir

© Copyright 2009 ISBME, http://www.ijbme.org


www.ijbme.org

DOI: 10.22041/ijbme.2008.13454

afsaneh_mojra@aut.ac.ir

ehsan_yt@yahoo.com

(FSI)
FSi
FSl

tafazoli@aut.ac.ir :

© Copyright 2009 ISBME, http://www.ijbme.org


www.ijbme.org

[]

[] -
[]

[]

1]

MRI []
! Atherosclerosis ? Intima * Smith * Reynolds number
* Rooz ¢ Poiseuille ’ Rabinovitz ¥ Yamaguchi
° Bathe and Kamm 1" Tang " Homogen 12 Isotropic

'3 Magnetic Resonance | maging

© Copyright 2009 ISBME, http://www.ijbme.org


www.ijbme.org

i} MRI ()

[ ]

[ ]
[ ]
E= KPa . ( )
v="1 MRI
[ 1
[ 1]
o=D(e-¢,)-0, ()
o;; =0 ()
dS |innerwa]| = df |innerwa]| ( ) ( ) [ ]
O.ijs'nj loutervant = 0 ()
S f
05N, linnerwa = T -N; linnerwail ()
[ ]
ML !> Morphology ' multi_physics '"Macro
'® Global Iterations "% Elasticity

© Copyright 2009 ISBME, http://www.ijbme.org


www.ijbme.org

D.
]
mmHg [ ml/sec
divii =0 ()
I 1 _
UVl =——VP+ 0V ()
P
Y P u
DU
Re=—— ( )
v
U D
[ ]
- [ ]
mm
mm
mm
mm
mm
mm
mm
» Dynamic Viscosity ' Turbulent 2 ANSIS 2 Navier Stokes
* SIMPLER ® TDMA % Fluid Solid Interface

" Search Substructure

© Copyright 2009 ISBME, http://www.ijbme.org


www.ijbme.org

(
)
(% ( %
(
r=R,-S(2)=
S, - Ry[1-cos27(z—2,)(z, — )]/ 2, 0)
R - 7 <2<z,
% 0, otherwise
% z
- Z, 7
(So)
D-D
Sy = ——> x100% ()
D
D, D
( )
- €
- - : (Ecc) « )
C=—°  x100% ()
_ [(D-Ds)/2]
€
i W%
* Mesh Morphing/Update ¥ Steady State Solution

© Copyright 2009 ISBME, http://www.ijome.org


www.ijbme.org

DS gam V=
N 4 v

o 7 Va As
s
N
-0 \\ o
13 w50
= s= Ve N Tl
&,\ ..... \.\. "
IRV.I9 -
% %
Pow= mmHg Q= [ ml/sec
) [ ]
( Pa
/
%
% /
[ ]
| ml/sec
% % mmHg
31 Salazar

*Fung

© Copyright 2009 ISBME, http://www.ijbme.org


www.ijbme.org

e Sl
LR —- ECC
—— 0+ EC(
¥/ E-+t
IE+ T
/0 N
(M) g e Silaansns
S350l
AE=+¥

v E 400 4

—s ECC|
——0+ECQ

.;.Q o
(m) g3 37 Sl

P,= mmHg % %

© Copyright 2009 ISBME, http://www.ijome.org

s

LA
-
L A0ve e ;
q S=IVe o
E /"/
A O o
o
ADs v s . : > . \
O N Vi As q. v

FE» 3 goF <N

Q= [ ml/sec %

P, = mmHg

(h )

mmHg ( mmHg

mmHg (


www.ijbme.org

Y 3 T T ]
= Yo e Vo Yoe

Pow= mmHg Q= | ml/sec Re=

%

mmHg

mmHg

LVAT:]

-
IA
Yaaas
m) ($ 3 ol
%
% %

Pout= mmHg Pin= mmH g

- Sl s Sl S
(&) . < JO¥A

e
00

Blas e Sl o

v@
3

=

(% (% (

Pou= mmHg Q= / ml/sec Re=

32 Proximal

© Copyright 2009 ISBME, http://www.ijome.org


www.ijbme.org

%

Pow= mmHg Q= | ml/sec Re=

% %
% %
mmHg | ml/sec
M — ECC I 1
;,_
Al ¢
: [] ( )
& 4.l
\/V—%
-V (m) 5,570 Slaiia \/0
VY
: ) —
AR TN e
% % % A / A
W, /44
P,= mmHg P,= mmHg
Y
"o : : : : ‘
. ¥ A\ Fa A Yo

) 35 5 o Y

%

Po= mmHg Qu= / mit/sec

3 Hyperplasia

© Copyright 2009 ISBME, http://www.ijbme.org


www.ijbme.org

/ / / / o
/ / / / (mmHg)
Pout
(mmHg)
/ / / / Q
(ml/sec)
/ / / /
/ / / / U
(m/sec)
-/ -/ -/ -/
Umin (m/sec)
/ / / /
/ / / /
So max
(Pa)
- - - -
) - - - / / So min
(Pa)
/ / / -/
/ / / /
-/ -/ -/ -/
-/ -/ -/ -/
(Pa)
(Pa)
Svon-mises

© Copyright 2009 ISBME, http://www.ijbme.org



www.ijbme.org

[14]

[15]

[16]

[17]

atheromatous plaque in coronary arteries, Proceedings
of the Third World Congress of Biomechanics 1998;
pp- 20.

Bathe M., Kamm R.D., A fluid-structure interaction
finite element analysis of pulsatile blood flow through
a compliant stenotic artery, ASME J. Biomech. Eng.
1999; 121: 361-369.

Tang D., Yang Ch., Ku D.N., A 3-D thin-wall model
with fluid-structure interactions for blood flow in
carotid with symmetric and asymmetric stenoses,
Computers and Structures 1999; 72: 357-377.

Tang D., Yang Ch., Huang Y., Ku D. N., Wall stress
and strain analysis using a three-dimensional thick-
wall model with fluid-structure interactions for blood
flow in carotid arteries with stenoses, Computers and
Structures 1999, 72: 341-356.

Moayeri M.S., Zendehbudi G.R., Effects of elastic
property of the wall on flow characteristics through
arterial stenoses, Journal of Biomechanics 2003; 36:
525-535.

Tang D., Flow in Healthy and Stenosed Arteries, John
Wiley & Sons Inc 2006.

Li Z.Y., Howarth S., Trivedi R.A., U-King-Im J.M.,
Graves M.J., Brown A., Wang L., Gillard J.H., Stress
analysis of carotid plaque rupture based on in vivo
high resolution MRI, J Biomech. 2006; 39(14): 2611-
22.

King Im JM.U., Li Z.Y., Trivedi R.A., Howarth S.,
Graves M.J., Kirkpatrick P.J., Gillard J.H., Correlation
of shear stress with carotid plaque rupture using MRI
and finite element analysis, Journal of Neurology
2006, 253 (3).

Tang D., Yang C., Mondal S., Liu F., Canton G.,
Hatsukami T., Yuan C.; A negative correlation
between human carotid atherosclerotic plaque
progression and plaque wall stress: In vivo MRI-based
2D/3D FSI models, Journal of Biomechanics
2007; 41(4): 727 — 736.

Li Z.Y., Howarth S.P., Tang T., Graves M.J., U-King-
Im J., Trivedi R.A., Kirkpatrick P.J., Gillard J.H.,
Structural analysis and magnetic resonance imaging
predict plaque vulnerability: a study comparing
symptomatic and asymptomatic individuals, J Vasc
Surg. 2007; 45(4):768-75.

Li Z.Y., Gillard J.H., Simulation of the interaction
between blood flow and atherosclerotic plaque; Conf
Proc IEEE Eng Med Biol Soc. 2007, 1699-702.

Kock S.A., Nygaard J.V., Eldrup N., Frind E.T.,
Klaerke A., Paaske W.P., Falk E., Yong Kim W.,
Mechanical stresses in carotid plaques using MRI-
based fluid-structure interaction models, 2008;
41(8):1651-8.

Wang, J.J., Parker K.H., Wave propagation in a model
of the arterial circulation, Journal of Biomechanics
2004; 37: 457-470.

Tang D., Yang Ch., Kobayashi Sh., Ku D.N., Effect of
a lipid pool on stress/strain distributions in stenotic
arteries: 3-D fluid-structure interactions (FSI) models,
Journal of Biomechanical Engineering 2004, 126: 363-
370.

Tang D., Yang Ch., Kobayashi, Zheng J., Vito R.P.,
Effect of stenosis asymmetry on blood flow and artery
compression: a three- dimensional fluid-structure
interaction model, Annals of Biomedical Engineering
2004; 31: 1182-1193.

© Copyright 2009 ISBME, http://www.ijbme.org

<~ R

N X N

@ m g o

Ecc

cC o W UV r

Tang D., Yang Ch., Kobayashi Sh., Ku D.N., Steady
flow and wall compression in stenotic arteries: a three-
dimensional thick-wall model with fluid-wall
interactions, Journal of Biomechanical Engineering
2001; 123: 548-557.

Nerem R.M., Vascular fluid mechanics, the arterial
wall, and atherosclerosis, ASME J. Biomech. Eng.
1992; 114: 274-282.

Friedman M. H., Arteriosclerosis research using
vascular flow models: from 2-D branches to compliant
replicas, ASME J. Biomech. Eng. 1993; 115: 595-601.
Ku D.N.; Blood flow in arteries, Annu. Rev. Fluid
Mech. 1997; 29: 399-434.

Long Q., Xu X.Y., Ramnarine K.V., Hoskins P.,
Numerical investigation of physiologically realistic
pulsatile flow through arterial stenosis, Journal of
Biomechanics 2001; 34: 1229-1242.

Yamaguchi T., Kobayashi T., Liu H., Fluid-wall
interactions in the collapse and ablation of


www.ijbme.org

[23] Fung Y.C., Biomechanics of Circulation, Springer, 2nd

edition.

[24] Varghese S.S., Frankel S.H., Numerical modeling of
pulsatile turbulent flow in stenotic vessels, Journal of

Biomechanical Engineering 2003;

© Copyright 2009 ISBME, http://www.ijbme.org

125:

445-460

(21]

[22]

Holzapfel G.A., Sommer G., Regitnig P., Anisotropic
mechanical properties of tissue components in human
atherosclerotic plaques, Journal of Biomechanical
Engineering 2004, 126: 657-665.

Chen X., A nonlinear viscoelastic mooney rivlin thin
wall model for unsteady flow in stenotic arteries,
Master's thesis, Worcester polytechnic institute 2003.


www.ijbme.org

	BACK COVER FARSI1-87
	AIMS WRITING #
	1-8.pdf
	21-28
	29-38
	39-46
	47-56
	57-64
	65-66-abstracts
	67
	68
	69
	70
	71
	72
	73
	BACK COVER ENG1-87
	BACK COVER FARSI1-87
	AIMS WRITING #
	1-8.pdf
	9-20
	21-28
	29-38
	39-46
	47-56
	57-64
	65-66-abstracts
	67
	68
	69
	70
	71
	72
	73
	BACK COVER ENG1-87

