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Abstract

Aneurysms are one of the most catastrophic cerebral emergencies that causes into high
mortality. Clinical observations shed the light on aneurysm development which is reported
that aneurysm is likely to be related to the hemodynamics condition of the blood vessel in
brain. Although the mechanisms of the formation, growth and rupture of aneurysms are not
fully discovered but local hemodynamic crucial factors such as dynamic pressure, wall shear
stress, blood flow velocity, and residence time are thought to play dominant roles in the
growth and initiation of aneurysms, and also the success or failure of aneurysm therapies.
Computational Fluid Dynamics (CFD), a numerical simulation aims to provide data, which
will help in clinical decision in recognizing the aneurysms at risk of rupture and in the
treatment of them.
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Introduction

Cerebral aneurysms are pathologic dilations of the arterial wall that frequently occurred
at or near arterial bifurcations. The exact cause of aneurysm formation remains unclear; but
there isevidence that high shear stress and blood velocity may provide the hemodynamic
environment fordegenerative vascular injury.

Flow patterns incerebral artery bifurcations and bends have been the subject of
comprehensive investigation [1-3]. The growth of cerebral aneurysm may compress brain
tissues and surrounding nerves which may cause one or more health conditions; including
vomiting, headache, nerve paralysis, seizure and body numbness. When the cerebral
aneurysm ruptures generally causes internal bleeding, in the end which in several cases
causes death. Stroke is one of the prominent reasons of death in the US. Subarachnoid
hemorrhage explains about 7% of stroke cases and most of these cases are caused by
rupture of a cerebral aneurysm [4]. Around 50% of patients with aneurysmal will suffer
serious disability or die as a result of the initial hemorrhage [5]. The flow dynamics of
cerebral aneurysms havebeen studied in numerous experimental models andclinical
studies to investigate the role of hemodynamicforces in the initiation, growth, and rupture
of cerebral aneurysms (Figure 1).

Figure 1: Cerebral aneurysm

Article Information

DOl 10.31021/brr.20203115
Article Type: Review Article
Journal Type: Open Access
Volume: 3lssue: 1

Manuscript ID: BRR-3-115

Publisher: Boffin Access Limited
18 December 2019
03 January 2020

07 January 2020

Received Date:
Accepted Date:
Published Date:

*Corresponding author:

Mojtaba Sadeghian

Department of Mechanical
engineeringTechnology Development
Babol Noshirvani University of Technology
Iran

E-mail: m.sadeghian@nit.ac.ir

Citation: Sadeghian M, Gorji-Bandpy M.
Investigation of Cerebral Aneurysm Disease
and Technologies for Treatment. 2020
Jan;3(1):115

Copyright: © 2020 Sadeghian M. This
is an open-access article distributed
under the terms of the Creative Commons
Attribution 4.0 international License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the
original author and source are credited.

Biomed Res Rev Volume: 3.1



Journal Home: https://www.boffinaccess.com/journals/biomedical-research-reviews/index.php

Boffin Access

FOSTERING KNOWLEDGE

Stent

During the initial period of cerebral aneurysm morbidity, anti-
hypertensive drugs are useful to alleviate the impact on the artery
inner wall caused by blood. When cerebral aneurysm ruptures,
it must be treated by surgery.A stent is made of a braided tubular
assembly of thin metallicwires and lodged against the lumen of the
parent vessel to serve as a porous barrier disrupting blood flow
into the aneurysm.the treatment of aneurysms ofteninvolves the
implantation ofstents which are designed to prevent ruptures by
promoting thrombosis. Studies [6,7] have conducted to measure
this effect, Use of Computational Fluid Dynamics (CFD) to analyze
blood flow in andaround stented aneurysms. However, Due to
scaledifference disparitybetween thedimensions of theaneurysm
and its parent vessel and the stent wire cross-section, in practice it is
hard to incorporateboth geometries simultaneously into the solution
domain of the discrete Navier-Stokes equations. In treatment of
aneurysms intravascular stenting [8] is thought as a better option
comparing with clipping treatment. The reason is that craniotomy
with clipping cannot fullyremove an aneurysm with a wide or calcified
orifice and generally has the risk of surgical complications. Stenting
across the aneurysmal orifice could sufficiently prevent therupture
aneurysm [8-11]. After 7 days of the metal stent placement in dogs
to treat internal carotid aneurysm [11], it is alsoshowed an effective
occlusion of the aneurysm based on brain angiography (Figure 2,3).

Endovascular Embolization

The treatment of intracranial aneurysms has changeddramatically
with the introduction of interventionaltechniques. Endovascular
coiling of aneurysms has beenshown to be effective and has arguably
replaced surgery for thetreatment of most aneurysms. One of the
treatment methods of cerebral aneurysm is filling the aneurysm by
coil mesh, which is known medically by endovascular embolization.
This treatment method is considering the least invasive way of
treatment. The coils are introduced to the aneurysm through a
catheter implanted into a vessel over the knee, which is navigated
through the blood vessels to until it reaches the aneurysm.Coils
are used to form a blood clot around it and reduce the blood flow
to the aneurysm, hence, reducing aneurysm rupture occurrence.
Coil embolizationis widely used for cerebral aneurysms due to its
minimally invasive natureand the least advancements in embolization
devices. Surgical clipping reportedly features similarmortality rates
as coiling but significantly higher per procedural morbidity rates
[12]. However, recanalization and retreatment occur more often in
coil embolization [13,14].

A larger aneurysmaldome or neck, minor recurrence noted on
cerebral angiograms early after coil embolization, and significant
risk factors for recanalization and retreatment is lower coil packing
density [15,16]. A recent study showed that blood flow velocity

Figure 2: Using stent in vessel

Figure 3: Visual testing of stent

Figure 4: Endovascular treatment of aneurysm

and high Wall Shear Stress (WSS) were consistently observed on
Computational Fluid Dynamics (CFD) near the remnant neck of
partially embolized aneurysms prone to future recanalization [17].
Since CFD simulates the hemodynamics based on aneurysm geometry
using a patient-specific model, coil packing density and the residual
aneurysm would affect post-coiling hemodynamics. However, the
hemodynamics simulation of coiled aneurysm has been difficult,
because the precise geometry of aneurysmsafter coiling could not be
achieved by using Digital Subtraction Angiography (DSA) or three-
dimensional (3D) Computed Tomography (CT) angiography or due
to metal artifacts. Instead, hemodynamicsin coiled aneurysms have
been simulated by using numerical methods with porous media
modeling [18] (Figure 4).

CFD

In order to investigate highly complex problems Computational
Fluid dynamics (CFD) evolved to asophisticated method to approach
the behavior offlow phenomenon and their effects on key parameters.
Within the last decades, several advantages were found in contrast to
experimental procedures. For instance, numerical methods may be
able to consider scales, which cannot be captured experimentally
so far. In many cases, high performance computing hard ware is less
expensive than complex measuring equipment. Additionally, a better
reproducibility can be achieveddue to a lower systematic error and
to a lower influence of varying process conditions. CFD tools have
been used along with medical imaging techniques, such as MRI or CT-
scans, in order to further analyze the hemodynamics [19-21].
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When conducting CFD-based analysis, blood rheology is
an important factor to take into consideration, since blood is a

at low Reynolds numbers. Q ] Exp Physiol Cogn Med Sci. 1974
Apr;59(2):167-174.

suspension-type fluid, this kind of rheology is explained by the fact 3 gtehbens WE. Flow in glass models of arterial bifurcations and
that blood is composed of solid particles, the blood cells, suspended berry aneurysms at low Reynolds numbers. Q ] Exp Physiol Cogn
in the plasma. Due to this nature, the blood presents a shear-thinning Med Sci. 1975 Jul;60(3):181-192.
behavior [22-24]. Although studies tend to simulate blood as being a . . .

. L : . . . 4. Heros RC, Kistler JP. Intracranial arterial aneurysm-an update.
Newtonian fluid, since this consideration provides reasonable results Stroke. 1983 [ul-Aug14(4):628-631
[24], it does not follow the real rheological behavior. Thus, this study ro e: Jul-Aug; (_)' e o
aims to simulate blood flow in a generic artery with an aneurysmvia 5. Ronkainen A, Hernesniemi ], Puranen M, Niemitukia L,
CFD tools, whilst comparing non-Newtonian rheological models and Vanninen R, et al. Familial intracranial aneurysms. Lancet. 1997
their impact in hemodynamic factors, such as velocity and wall shear- Feb;349(9049):380-384.
stress. In various studies, blood was assumed to have constant blood 6. Aenis M, Stancampiano AP, Wakhloo AK, Lieber BB. Modeling of
viscosity and as a Newtonian fluid. While, blood is a non-Newtonian Flow in a Straight Stented and Nonstented Side Wall Aneurysm
fluid, at a low shear rate range, the blood viscosity increases, Model. ] Biomech Eng. 1997 May;119(2):206-212.
however, it is constant in a high shear rate range. The non-Newtonian 7 [jeber BB, Gounis MJ. The physics of endoluminal stenting
properties of blood are expressed using structural formulae, such as in the treatment of cerebrovascular aneurysms. Neurol Res.
the Carreau, Herschel-Bulkley, and Casson-Yasuda models. 2002;24:533-542.

The use of CFD in clinical field has grown dramatically because 8. Dotter CT, Judkins MP. Transluminal treatment of arteriosclerotic
of the late advancements of high-resolution angiography techniques obstruction. Description of a new technic and a preliminary
[25] which provided more exact vascular detailssuch asdimension report of its application. Circulation. 1964 Nov;30:654-670.
and geometry. The CFD simulation can provide more accurate 9, GeremiaG,Haklin M, Brennecke L. Embolization of experimentally
information on vascular hemodynamics. Different researches have created aneurysms with intravascular stent devices. AJNR Am ]
been done in using of CFD to describe the hemodynamics in the Neuroradiol. 1994 Aug;15(7):1223-1231.
cerel.)ral' aneu'rysm [_26'29]' 'coronary arteries [30] and 1n' various 1. Marks MP, Dake MD, Steinberg GK, Norbash AM, Lane B. Stent
appllC&thI.lS blo-me.dlcal. For instance when the transve.:rs.e dlam.eters placement for arterial and venous cerebrovascular disease,
of Abdominal Aortic Aneurysms (AAA) reach 5 cm, it is medically preliminary experience. Radiology. 1994 May;191(2):441-446.
highly recommended to get it treated [31,32]. .

11. Wakhloo AK, Schellhammer F de Vries ], Haberstroh ],

In fact, such CFDmethod has been used in simulating the blood Schumacher M. Self-expanding and balloon-expandable stents in
flow inanatomically realistic aneurysmal and arterialgeometries the treatment of carotid aneurysms: an experimental study in a
derived in vivo image [33,34]. canine model. AJNR Am ] Neuroradiol. 1994 Mar; 15(3):493-502.

RecentAdvancementin medicalimagingand vessel segmentation/ 12 McDonald. IS, McDo.nald RJ, Fan J, Kallmes DF, Lanzino G, et al.
reconstruction algorithms has led to increase the use of CFD Compa.ratlve effecjclveness of Unr'upture(.i c'erebral aneurysm
modeling of cerebral aneurysm hemodynamics [35-38]. Researchers therapies propensity score analysis of clipping versus coiling.
have recently demonstrated the development of an efficient pipeline Stroke. 2013 Apr;44(4):988-994.
for the CFD simulationof large numbers of aneurysms [39], with ~ 13. Campi A, Ramzi N, Molyneux A], Summers PE, Kerr RS, et
the eventual possibility of determining hemodynamic risk factors al. Retreatment of ruptured cerebral aneurysms in patients
implicated in a high possibility of rupture [40]. randomizedbycoilingorclippingintheinternationalsubarachnoid

aneurysm trial (ISAT). Stroke. 2007 May;38(5):1538-1544.

CFD has been used to infer the effects of endovascular treatment . .

... . . 14. Lad SP, Babu R, Rhee MS, Franklin RL, Ugiliweneza B, et al. Long-
on hemodynamics in idealized brain aneurysm models [41-44] o . .

. . o h term economic impact of coiling vs clipping for unruptured
and it has been suggested as a tool for patient-specific testing and int ial N 2013 Tun:72(6):1000-1011
treatment planning of endovascular devices [45] where as such n racrarfla aneurysr.ns. eurosurgery. Jun;72(6): ’
CFD models are compelling in detail and enticing in their potential ~ 15. Chalouhi N, Bovenzi CD,'Thakkar V, Dressler ], ]abboiur P etal
to improve our understanding the development and treatment of Long-term catheter angiography after aneurysm coil therapy:
aneurysm. results of 209 patients and predictors of delayed recurrence and

retreatment. ] Neurosurg. 2014 Nov;121(5):1102-1106.

R t h has showed that so-called virtual i h;

ecen res?ar_c as s ?We a? so-ca ‘.3. virtua anglograp y 16. Sluzewski M, van Rooij W], Slob M], Bescos JO, Slump CH, et
can be used to indirectly validate patient specific CFD models against . . .

L . ; . al. Relation between aneurysm volume, packing density, and
clinical digital subtraction angiography DSA_ data [46]. . . . .
compaction in 145 cerebral aneurysms treated with coils.

A primary study has demonstrated agood agreement between Radiology. 2004 Jun;231(3):653-658.
in vitroland CFD—lde‘rived particle visualizationsof steady flow inan 17 0B, Yang X, Wang S, Li H, Chen J, et al. High shear stress and flow
anatomically realistic aneurysmmodel [47]. velocity in partially occlusion aneurysms prone to recanalization.

. Stroke. 2011 Mar;42(3):745-753.
Conclusion 18. Cha KS, Balaras E, Lieber BB, Sadasivan C, Wakhloo AK. Modeling

Although there are various types of surgical or endovascular the interaction of coils with the local blood flow after coil
treatment options to cure these difficult aneurysms, none of the embolization of intracranial aneurysms. ] Biomech Eng. 2007
current option is completely reliable. Whereas, it is difficult to Dec;129(6):873-879.
recognize which treatment is superior to the others unless we really 19, Shojima M, Oshima M, Takagi K, Torii R, Hayakawa M, et al.
try it. Finally, the aneurysmal CFD analysis has been considered Magnitude and Role of Wall Shear Stress on Cerebral Aneurysm.
as evaluation tools for treatment of aneurysm and can provide Stroke. 2007;35:2500-2505.

Etlemodynsméc 1.n.format10n for clinicians into making an optimal 20. Li M, Wang J, Liu J, Zhao C, Yang X. Hemodynamics in Ruptured
erapeutic decision. Intracranial Aneurysms with Known Rupture Points. World
Neurosurg. 2018 Oct;118:721-726.
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