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ABSTRACT

In this paper motion of some blood clots with different mechanical properties in the
cerebrovascular arteries is investigated. Blood clots are mostly originated from heart or other
cardiovascular arteries and by entering the cerebrovascular arteries trigger occlusion and deprive
the brain’s tissue from proper perfusion. To study this phenomenon, we used a patient-specific
geometry of cerebrovascular arteries and due to obtaining the motion of clot and blood’s flow in
cerebral arteries, algorithm of fluid-structure interactions was used. Although previous
researches have not considered the effect of mechanical properties on the motion of clot, our
results demonstrate the variation of the dynamic parameters of the clot’'s motion by changing the
mechanical properties. We show that by increasing the rigidity of the clot, their tendency for
entering to the larger arteries is increased. Also, other dynamic parameters like clot’s average
velocity is altered when the mechanical property of the clots changes. Mechanical parameters
have the main role in the motion of clots and by investigating them, insight to the mechanism of
pathologies would expand, moreover, strategies of the cerebrovascular treatments would be
interesting to study in the future.
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7- Magnetic Resonance Angiography (MRA)

1o)leis 16 093 1395 ORIV (30 Sl wdie



Ubhled 9 (nl3a yla )8

Srdo B9 e aSub JAIS 3 LT o8 pa Saolind p3 (5395 Lk (5333 dlbail il Judxs

o)l20 595 2 ey (28] Gpe 0)lsis pog o pf 4 4z Ly
St s 50 g selem Jlew Jolss Ll il g oads ools I3 jae Sl
sloyelly c8s 5 ol 5l bl coa sl oud Jloel (95 5 aid
S poe 4y azgi by a8 S plosl Jlgtie S iz 50 (6,050 by
S 32 b dgel pilaz 5 pom e SSe 99 50 Oz slayslly
S laml o o Jomel eSSl 6xSelr lp aileads ey s
Sy )lzs Jeel S a9 ph Gloj 40 a5 oud osliiul (5,38 slaglell
Sglsrsed Lulyd ol ogux b (giludae g9 cal gy o0 o 5l g 00
SIS oo (g3l 1) g 5l (Jomel Liole,

“SHISY andsep 5l G Gl po wslem Jlw oS J> 0
el 50 .[26,25] el oo oolaiwl Jlow assls ;o 4 (ALE) olgsds (sl
e S g SByo Hhgl Dlatke jeme So 185 A 0 egdle oSy
S 5 gz ool Slaite jeme S Bpe HISY Slaise
2335 o

29,5 o Jo sl el e pa 50 slesel LB oSl obml Sl £9.590
S pyiege sl 5 ey sl 5l ke andsed (ul o pSl DYl
[28] wisr g0 adls 5 &30 4

02 sl Aol
0= 6ix]-(wj - v) (1)
Ponge aloleo

av; 9
Pat = ~ (i = pby) + Pa—xj w:i(w; —v))) (2)
19 0 iy paS ) Djgeo & 5 Heuil o] 0 a8
7y = —p&y; + p(vy; + ;) (3)

LW gV ,SG,S Lo b 6 o> 59,5 b (JBs p ezl OYolas jo
Jlw 9 2l 50y aS ool Ll il akies a2 o g (gobo oy oS S
Seiletew bl pd 5o jle wigh oo Jloc!

di = d (4)
(Seelias by
n-r=n- I (5)

(5',L>UL> c)).c )Q JLA.A.A) ‘saL?ulD )ial.u w).’ 4.3 Ts ij ‘ ds ‘df LQA—‘ )u) C\S
2 e A ye 50 el A5 g e 50 Jlew 5 e 50 Sl
Yo 59 Yol o UT )\.,\.E.o (o> 6L°3):¢-; Sg>g pis J.JA.: dJlis U"‘
NG PR WA U N EHR

H38lap Jagh ool Ci Djgo w4 del> g Jlew Jaw g oS SYolee
Cl.?g.c‘ sl pd 68 bl codil 5l yizen il uls > ADINA
i a5 bl 5 [29] ol sais soliind Jlw Jaisme yo 58l 055 aidl
el (65185 o9y 5l iy s (g dalam Jlow ol SYslee (Sl
009y ol 5o el 00ys )5 solaiul sl Cb SVolre > (6l pulis g,
SYolro 5 axly i SO B 0 5 0l plesl po b sl g Jlow SYoles
P o 50 500 IS5 olass b (ygmdly (s S5 g, 51 [30] 9o U
0 )5 oolaiwl ouds dnS SYolae > (6l S

@ e gangledl gy @ @l (Sowly pas 5l pliebl Cux
Sy90 Wiz Glp S e 5 Sl e Gop GlaSll o by
(B Jgaz) <85 3 (cmy 2 0590 ool

4- Arbitrary Lagrangian-Eulerian
5- Steered adaptive mesh

1 o)leis 16 09> 1395 ORIV ()30 Sle Swdise

500000 ~ .
L — m—— Material 1
- ___ Ao Material 2
e e
aterial
400000 [~
300000 =
200000 =
100000 |-
(o] d
0 0.2 0.4 0.6 0.8 1
e

Fig. 2 Stress-Strain curve for mechanical property of emboli
[22] o Jguol (SilSo ol (sl oy ooliiwl (25 ,5= a5 loges 2 JSib

p

) iy
- )
& \

7]
1 il
i1 e
A
(b)

Fig. 3 Discretized model for (a) fluid and (b) solid domain

(b) sal> 5 (@) slo e a1 3 Yo
S ey b Jew! diwVl 0gd o cdalin 2 S5 40 a5 jshiles
n D90 1y by 4552 Glaasls o Jsel oS > 0w (Sl
wiles baizd JBs (G aBd ovws JSis oS 5 4 axg Lol 1,3
oas 485 )L 10 oo yio 0 SokS 1000 Jade ply 55 JBx

S50 bl 9 Flamslono aials ~3-2

Gl 0als (g5l dS Al Ghgo 4 el g Sl Slewle aisls
ey sl 5 Jlw anels gam aw ile annS ol (3 JS3)
el 00l 4._9).? 0yt 2 Lg‘o)f 10 LSLQQLQ.H 9 1 6“’;4 ey LgLQQLoJ‘
Goe o (B JS5) (59959 Sbpo JLid Oy 4 Jae lp i llpd
o g S=db slaosly 5l eow] Canay S8 e g 3 g8
sl oad b S L 0 (e 39,0 sl o 3 Al s Ll

1- 4-node tetrahedral elements
2- 10-node tetrahedral elements
3- Traction free



Ubhled 9 (nl3a yla )8

Sise B9 e Aub JAI1S 53 LT e ja Saoliyd p Sigd b Ak (5 33y lasil Hu50 Juloxs

6Lm..\SM) Oy Olalllas g Budiod (pl Jow o PV RCIRY oby> & dwslie 4 Jous

Table 4 Comparison of obtained blood flow rate in our study with published
data in the literature
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afferent arteries of the model. T1, T2, T3, T4 and T5 which are illustrated on
the third pressure pulse are different releasing times of the emboli in this
study
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Fig. 6 Motion of emboli through circle of Willis
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