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Abstract—Recurrence of aneurysm rupture can be attributed to Coil compaction and migration is one of the majauses of

coil migration and compaction. In order to verifiget effects of
hemodynamics on coil compaction and migration, walyze the
forces and displacements on the coil bundle usimgraputational
method. Lateral aneurysms partially filled coile anodeled, and
blood flow fields and coil deformations are simethtconsidering
fluid and solid interaction. Effects of aneurysntkaize and parent
vessel geometry are also investigated. The reshltsved that coil
deformation was larger in the aneurysms with a witkxk. Parent
vessel geometry and aneurysm neck size also affecéan pressure
force profiles on the coil surface. Pressure forere higher in wide
neck models with curved parent vessel geometryulgition results
showed that coils in the wide neck aneurysm wittueved parent
vessel may be displaced and compacted more easily.

aneurysm recanalization, but hemodynamic study oi c
compaction has not been performed. In this studyanalyze
the forces and deformations on the coil bundle edury blood
flow in order to verify the effects of hemodynamios coil
compaction and migration. Effects of aneurysm n&zk and
parent vessel geometries on coil compaction andatido are
also explored.

Il. METHODS

A. Aneurysm models

The lateral aneurysm models in the intracraniatepaere
modeled in this study. Pear shaped saccular amesrygere

Keywords—Hemodynamics, Aneurysm, Coil compaction, Fluidformed on the lateral side of a straight and a edirparent

Structure Interaction (FSI)

I. INTRODUCTION

vessels. Since the size and shape of aneurysmerebral
artery are different for individuals, the averagelues of
aneurysm sac and internal carotid artery sizeschwhiere

EREBRAL aneurysm is a vascular disease characterized tmeasured and analyzed statistically [16], were .uSkd dome

local dilatation of the arterial wall in the intracial space.
It may rupture and cause subarachnoid hemorrhalgiehvis
associated with high mortality and morbidity [1][3
Endovascular treatment of saccular aneurysms witgli&mi

diameter, dome height, and parent artery diametepear
aneurysms were 5.3, 4.3 and 3.6 mm. In order imate the
effect of aneurysm neck size, the neck size was(normal)
and 5.3 (wide) mm. For curved parent vessel thie od the

detachable coils (GDC) has been used as a propitylagarent vessel diameter to the radius of curvatae @17. The

treatment since early 1990s. Coils packed int@tierysm sac
induce flow stasis and thrombus formation [4]-[6]erefore,
completely obliterate the aneurysm sac. Howevenrrence
of subarachnoid hemorrhage after coiling has beparted [7],
[8]. The aneurysm recanalization can be attribuiedcoil
compaction and aneurysm regrowth [9]. Completénjllof
aneurysm sac with coils are difficult, and coil kiag density,
which is defined as the ratio between the voluménsérted
coil and aneurysm, higher than 20% has been recowhedeto
prevent coil compaction [10]. Compaction of thel drelated

coil was modeled as a sphere, and the inserted woale
assumed to be densely packed. The diameter ofesies[gh95%
of aneurysm dome diameter.

B. Numerical Analysis

Numerical analysis was performed using a commeficidé
element package (ADINA 8.5, Watertown, MA) whichds
capable of solving the fully coupled fluid struatinteraction
(FSI) problems. The governing finite element equai for
both the solid and fluid models were solved by

to the deformation and migration of coils due toe th Newton-Raphson iteration method. Blood was assutbdik

hemodynamic forces.
Hemodynamic analyses of aneurysm filled with cbite

incompressible, laminar flow. The density of blogds 1060
kg/m®. The non-Newtonian viscosity characteristics afdol

been performed by previous researchers. Hemodysanfic Were incorporated by using the Carreau model, whicis

partially blocked aneurysms was analyzed by using
computational fluid dynamic (CFD) method [11],
Intra-aneurysmal  hemodynamics was
investigated by modeling coils as a porous medilgj, [14].
Thromboembolization inside of coils was simulateihg the
viscosity model defined as a function of both resick time
and clotting fluid concentration [15]. Most of preus
aneurismal hemodynamic studies focused on the ffiatterns,
intra-aneurismal flow and vessel wall shear stiessrder to
elucidate the hemodynamic role of thromboembolizaténd
aneurysm regrowth.
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expressed as follows [17]:

R/ )[1+A2y21q7_1j (1)

where rheological values of human bloodwgye 0.056P&s, 1.,

= 0.00345P®, A= 3.313s, g= 0.356 is viscosity,y is shear
rate.
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Fig. 1 Area average velocity at the inlet of agod vessel during a flo 2.0
cycle
The solid domain watreated as linear elastic with Youn +o
modulus of 3 and 5 kPa. Poisson's ratie 0.35 and density 0.0
was 1060 kg/m[18]. The elemensize of fluid and soliwas & 0.2 0.4 0.6 ojs
0.1 mm, 4-node and Bede rectangular elements were g -0 —3kpa
Further refinemenof grid did not affect thecomputational < ——5kPa
results. The coil was modeled as siodid usin¢the formulation 20
with large displacement and small strains in thedaulation. 3.0
Continuity and NavieStokes equationwere solved for the
fluid. Wall boundary conditions werenposedon the vessel -4.0
walls. Parabolic velocity profilesvere applied at the inlet Time(sec)
boundary,and normal traction conditiowere applied at the (b)
outlet boundary. A physiological flowaveform was use
[11]. The area average velocity profdethe inlet of the parel 40
vessel for a flow cycle is shown in Fig.Unsteady simulatior 2.0
were performed with theine step sizeof 0.002 s, and the 00 JL,
solution was converged after three flaycles. Computation ) 0.2 04 06 ols
were performed using 3.4 GHz Intel core CPU andsB50f & -20
RAM with Window 7 64 bit operating systt. 3 40 —3kPa
< ——5kPa
Ill. RESULTS -6.0
In order to estimate coil compacticaused by hemodynarr -8.0
force, coil area changesvere calculated.The coil area
. . . -10.0
reduction was calculated by dividing the reduceil @ea by Time(sec)
the undeformed coil area. The coil area reductidmsng a
flow cycle are shown in Fig. 2. Theaximum reductios of coil ©
area in the straight parent vessel modetse less than 1.5% 4.0
and 3% in the normal and widezck models, respectivelln
the curved parent vessel models, thaximum reductics of 2.0
coil area wereless than 8.5% and 8% in the normal 0.0
wide-neck models, respectively. Coils in the cunparent = 0 0.2 0.4 0.6 08
vessel model exhibited more deformatiarich wa: probably % 20 —3kPa
due to the high inflow and pressure forces caugecentrifugal g -4.0 S
force. The effect of aneurysm neck size on 60
deformation was large in thetraight parent vessel modelt ’
not significant in thecurved parent vessel moc Mean -8.0
pressure force on the coil surface (MPF) was catet 100
because it might be related to coil compactionl elasticity Time(sec)

did not affect the MPRignificantly, butaneurysm neck size (@
and parent vessekgmetry affected the MPF profile (Fi3).

MPFs were higher in wide neck modeimparing to those i  Fig. 2 Area changes of the coil on parent vessangéries: (a) 4mr
regular neck model, and they shovsignificant differenc in neck of a straight parent vessel, (b) 5.3mm neckgifaiht parent

the straight parent vessel model comparing to tineeciparent ~ V€SSe! () 4mm neck of a C(‘jJrVed ptarenf vessel. )5 neck of a
vessel model. curveda parent ves:

International Scholarly and Scientific Research & Innovation 6(6) 2012 262 1SN1:0000000091950263



Open Science Index, Biomedical and Biological Engineering Vol:6, No:6, 2012 publications.waset.org/1214.pdf

World Academy of Science, Engineering and Technology
International Journal of Biomedical and Biological Engineering
Voal:6, No:6, 2012

0.04 models with co. Computational metho considering fluid
Amm_neck_3kPa structure interactionswere employe. Simulation results
— 003 4mm_neck_5kPa showed thaparent vessel geometry and coil elasticity affe
= 5.3mm_neck_3kPa coil deformation. Kineticenerg: was highest in the no-coil
£ ——5.3mm_neck_SkPa model and the lowest in the rigid coil model. Heymamics il
g 002 aneurysm was affecteay coil elasticit, aneurysm neck size,
z and parent vessel geomettigerefore elastic coils in the wide
£ 0oL neck aneurys with a curved parent vessel may be displ:
) and compacted more easily.
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Fig. 3Mean pressure force on the coil surface: (a) Sttgigrent essel, > . 7 _
(b) Curved parent ves: - 2

The timeaveraged mean kinetic energy (MKE) inside
aneurysm was calculated. The MKEs were highesthir
no-coil model and the lowest in the rigicodel as shown in Fig.
4. MKEs of the normal and wide-neck-noil models with the
straight parent vessel models watgout 1: and 6.7 times of
those in the rigid coil. Irthe curved parent vessel mod:
MKEs of the normal and wide-neck rail models were about
10 and 6 times of those in the rigid c&IKEs were higher ir
the elastic coil models than in the rigid modMoreover, the
elastic coil model with the lower Youtggmodulus showed a
higher MKE in aneurysm sac. ©

Computational results show that caika reductiois higher
in elastic coil model; thereforelastic coil modelsare more
prone to be compactedThe aneurysm nheck size a
parent vessel geometry influences the pressuree
significantly; therefore, coils in the widgheck aneurysmwith a
curved parent vessel migakperience mol coil compaction.
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IV. CONCLUSIONS

Incompletefilling of coils inside of the aneurysm sac cau
coil migration and compaction, and they may betee to the
hemodynamic forcesln order to investigate these effe, (d)

computational analyse on coil deformatic caused by Fig. 4 Thekinetic energy contour at 0.5sec: (a-coil (b) rigid coil

hemodynamic forcevere performed in thlateral aneurysm bundle (c) Youngs modulus of 3kPa coil bundle (d) Yot's modulus
of 5kPa coil bundl
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