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Comparison of the plaque rupture risk in different double-stenosis
arrangements of coronary arteries by modeling fluid-structure interaction

Mehdi Kazemian, Hamed Afrasiab’, Mohammad Hadi Pashaei

Department of Mechanical Engineering, Babol University of Technology, Babol, Iran.
* P.0.B. 47148-71167 babol, Iran, afrasiab@nit.ac.ir

ARTICLE INFORMATION ABSTRACT

Original Research Paper Recent observations have shown that artery stenosis occurs as multiple-stenosis in 70% of patients with
Received 29 November 2015 atherosclerosis plaques. Accordingly, the frequent occurrence of double-stenosis in blood arteries has
Accepted 27 December 2015 inspired this paper to investigate and compare the plaque rupture risk in different arrangements of

Available Online 25 January 2016 common plaque shapes in a double-stenosis. The plague von- Mises stress in plaque fibrous cap is

Keywords calculated by finite element modeling of the fluid-structure interaction (FSI) between the blood flow,

Double-stenosis of coronary artery artery and plaque components. Arbitrary Lagrangian- Eulerian approach is employed for FSI

Rupture risk simulations and a benchmark problem dealing with wave propagation in a fluid-filled elastic tube is

Fluid-structure interaction used for model verification. Transient velocity and pressure conditions of actual pulsatile blood flow

Finite element method through coronary artery are prescribed. The blood is assumed to be a Newtonian fluid and hyper-elastic
material model is employed for describing nonlinear behavior of the human tissue composed of the
arterial wall, lipid core and fibrous cap. It was observed that the arrangement, composed of two diffused
plaques, is subjected to the maximum von- Mises stress, while the arrangement of ascending-
descending plaques experiences the minimum von- Mises stress. The effect of different parameters such
as the stenosis degree, the space length between the plaques, and the plaque length is studied and
discussed.

«J9 S S’ 0iile (50150 Cguy 5 le (0 5o '[3‘1] L douido-1

5 K5 45 08 oo sl L LS (s e o lges 53 Jobo sooly 5 s - 8 slagslon il 5| (K s s 55355 Lol ys L

Lt SO J.At..: J)L ‘515 uLg.».}LM: .o)L) = ‘) o)‘ﬁ.) Oyaw ).wl).w)o L5°L’) g]mwg\ybjfﬁwdufaﬁwl u:éﬁ)'c

2- plaque 1- Atherosclerosis

Please cite this article using: Sawlod oaliw! Jd ©yle 5 Wl ol & glayl gl
M. Kazemian, H. Afrasiab, M. H. Pashaei, Comparison of the plaque rupture risk in different double-stenosis arrangements of coronary arteries by modeling fluid-structure interaction,
Modares Mechanical Engineering, Vol. 16, No. 2, pp. 10-18, 2016 (in Persian)


https://dorl.net/dor/20.1001.1.10275940.1395.16.2.36.1
https://mme.modares.ac.ir/article-15-11531-en.html

[ Downloaded from mme.modares.ac.ir on 2024-05-16 ]

[ DOR: 20.1001.1.10275940.1395.16.2.36.1 ]

VhHled 9 YLl (s3940

Sols — Jlysss SIS @ 3 (5w dpaad LSS Uy (539,05 B9 pe A9 LK )T e (slagiubT 13 SWy T 13 dumlie

5 SN lizl k8, ilterd sl 5T SVl Jas el o
Gilodoe ;o 1 ol Jssd LB cds i Slalllas a5 snds oolitul 5,
Wlie S S8 L sniiolo) Jow [21,20] el 00, S0nl Las e Sl
05 SLre Ol Sl S eles 1o eal sbxl zee Jold &5 Sore

Lol 00l e Lol col

9372

i )5 awnsn -1-2

ol 00l 2,8 (5 e )l Ojgods pol> gm0 Al avan
Sy @bl pew o bgge slal b @llae Slewlre Joo uizren
il anwgs [22] o o)l T 50 SO Sk jlel i & 6 59,5

4

Fig. 1 Common plaque types, 1: Protruding 2: Ascending 3:
Descending 4: Diffuse
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Fig. 2 Different dual arrangements of four common plaque
types
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Fig. 12 Maximum von-Mises stress of double-stenosis
arrangements in stenosis degree of 60% .
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Fig. 13 Maximum von-Mises stress of double-stenosis
arrangements in stenosis degree of 75%
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Fig. 19 Maximum stress values in different double-stenosis
arrangements for plaque length of 4.5 and 6 mm
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Fig. 17 The scheme of the plaque length change
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Fig. 18 Maximum stress value in different plaque types for
plague length of 4.5 and 6 mm
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