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ABSTRACT. With the advancement of imaging detection methods, the detection rate
of intracranial aneurysms is increasing year by year. At the same time, the
compressive cerebral neuropathy caused by the aneurysm itself and the brain injury
caused by ruptured hemorrhage seriously affect the quality of life of
patients.Because of the special blood flow pattern in aneurysms, hemodynamics has
been a research hotspot in the field of aneurysms. At present, there is still no
consensus on the study of hemodynamics in the occurrence, development and
rupture mechanism of intracranial aneurysms.In this paper, the research progress of
hemodynamic parameters such as shear force, blood flow pattern, computational
fluid dynamics in intracranial aneurysms is summarized in combination with
relevant literatures in recent years.
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1. Introduction

Intracranial aneurysms are cystic bulges caused by local intracranial vascular
lesions, with a population prevalence of about 3%][1,2]. And with the advancement
of imaging technology and the increase of population health examination, the cases
of screening aneurysms are increasing year by year.Rupture of intracranial aneurysm
is also the main cause of non-traumatic subarachnoid hemorrhage. Once ruptured, it
will cause a high mortality rate, and nearly half of the surviving patients will remain
disabled [3-6], causing a huge burden to the patients themselves and society.Studies
have shown that hemodynamics plays an important role in the occurrence,
development and rupture of intracranial aneurysms, and has been verified by
preliminary clinical studies [7,8].At present, the rapid development of computational
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fluid dynamics (CFD) provides a new means for the study of aneurysm
hemodynamics. With the help of CFD method, the influence of the shear force of
aneurysm wall, the form of blood flow on the occurrence, development and rupture
of intracranial aneurysms can be studied.This article combines the relevant literature
in recent years, and summarizes the above aspects.

2. Application of CFD in the Study of Intracranial Aneurysms

CFD is a kind of subject to simulate the flow, blood flow and other fluids by
means of calculation. Its main research content is to solve the governing equation of
fluid mechanics, namely Navier Stokes equation, by mathematical method. With the
help of CFD technology, we can directly reconstruct human brain blood vessels and
simulate the blood flow of aneurysms at different positions in vivo, so as to meet the
clinical needs. At present, CFD technology has gradually matured, and the clinical
operation process is also becoming more and more simple: mainly through MRA,
CTA or DSA and other imaging means to obtain the three-dimensional data of the
blood vessels, and then the reconstructed vessels are gridded, and the results are
obtained by using software for finite element analysis.

At present, some achievements have been made in the study of intracranial
aneurysms related to CFD. For example, the relationship between the morphology of
intracranial aneurysms and their growth and rupture can be studied by means of
CFD. Xiang et al. [9, 10] made morphological statistical analysis on 119 cases of
ruptured and unruptured intracranial aneurysms, and concluded that the ratio of
aneurysm length to parent artery radius in ruptured and unruptured aneurysms was
statistically significant. In addition, new clinical techniques and new treatment
methods can also be combined with CFD, such as CFD and 4D flow MRI
technology can be combined to study the influence of tumor blood flow pattern on
intracranial aneurysm. For new treatment methods, such as flow diverter (FD), CFD
can also be used to evaluate the therapeutic effect after implantation, and the use of
CFD technology to reconstruct blood vessels and blood flow can also be used to
construct preoperative visualization model for complex intracranial aneurysms
requiring bypass surgery, so as to improve the success rate of surgery. In a word, the
application scope of CFD is mainly divided into two categories: one is to explore the
relationship between shear force and the progression and rupture of intracranial
aneurysms by calculating shear force; the other is to explore the relationship
between blood flow pattern and the progression and rupture of intracranial
aneurysms through blood flow simulation.

3. Technical Problems of CFD Method

At present, although CFD has been widely used in clinical practice, there are
many technical defects in this research method which can not be overcome. Firstly,
in order to facilitate the calculation, the blood should be assumed as Newtonian fluid;
secondly, the inherent elasticity of the vascular wall should be ignored in the
calculation process. These idealized treatments will obviously lead to inaccurate

Published by Francis Academic Press, UK

-75-



International Journal of Frontiers in Sociology

ISSN 2706-6827 Vol. 2, Issue 8: 74-80, DOI: 10.25236/1JFS.2020.020810

calculation results. In addition, the existing CFD technology can not measure the
tumor wall thickness in vivo, which affects the analysis effect of CFD on the
condition of patients with intracranial aneurysm. In the clinical practice of using FD
device to treat intracranial aneurysms, even if the best placement position of the
mesh stent is simulated in the computer, the problem of incorrect placement will still
appear in the actual operation [11], which is closely related to the technical defects
of CFD.

At present, CFD simulation still needs a lot of manpower and time, and the
calculation program is complicated and difficult to master. Although it has been
initially applied in clinical practice, it is still only used as a research tool rather than
a diagnostic tool [12-14]. The study of CFD in predicting the risk of ruptured
intracranial aneurysms is also in its infancy and needs to be developed. In the future,
the development of CFD should be combined with the biological indicators of
intracranial aneurysms to improve the prediction effect of aneurysm rupture and
other related risk factors. In addition to trying to overcome their own technical
defects and make the simulation results more convincing, scholars at home and
abroad should also unify the CFD standards as soon as possible, so that the CFD
data of different research centers can exchange and integrate with each other, and
even build a CFD big data platform for intracranial aneurysms, so that the future
CFD research will develop towards a more convincing large sample research
direction.

4. Relationship between Shear Stress and Progression and Rupture of
Intracranial Aneurysms

The blood flow in the blood vessel mainly exerts three kinds of biological forces
on the tube wall, which are shear force, pressure and mechanical tension. Among
them, shear force directly acts on endothelial cells on the surface of lumen.
Abnormal shear stress can cause a series of biological reactions of endothelial cells,
which is considered as the main factor to promote the occurrence and development
of intracranial aneurysms. With the development of CFD technology, the shear
forces in different parts of the pipe wall can be calculated. Scholars have different
opinions on the specific effects of shear stress on aneurysms. After studying 106
cases of middle cerebral artery aneurysms, Miura et al. [15-17] considered that low
shear stress was the main factor leading to aneurysm rupture.

However, after the CFD statistical analysis of 210 cases of intracranial
aneurysms, Cebral et al. [18] drew the opposite conclusion: the rupture of
intracranial aneurysms is more likely to occur in the high shear zone with high
concentration of jet. The inconsistent results also confirmed the complexity of the
mechanism of intracranial aneurysms, that is, different types of shear stress may
play different roles in the occurrence, development and rupture of intracranial
aneurysms. Secondly, there is no uniform standard for the study of hemodynamics
of intracranial aneurysms, and its technical defects may lead to inconsistent results.
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In addition, the diversity of research results of intracranial aneurysms is also
reflected in the study of morphology and histology [19]. According to observation,
kadasi et al. [19] classified intracranial aneurysms into three types according to their
morphology: (D aneurysms with inner diameter less than 4 mm, thin, transparent and
smooth, and mainly decellularized in histology; @ aneurysms with inner diameter
greater than 10 mm, with irregular wall surface and mainly formed by
atherosclerotic plague in histology; 3 morphology between them. Similar results
were obtained from histological analysis of intracranial aneurysms: small aneurysms
have a higher probability (48%) of forming thin and transparent tumor walls, and the
number of vascular smooth muscle cells and inflammatory cells in the tumor wall is
less; the probability of thickening the aneurysm wall of large aneurysms is high, and
most of them are accompanied by proliferation of vascular smooth muscle cells and
inflammatory cells [20, 21].

Based on the above findings and the controversial results about the role of shear
force on intracranial aneurysms, it is not difficult to see that the research on shear
force and the mechanism of intracranial aneurysm progression and rupture should
abandon single conclusion, and fully consider the complexity and diversity of
intracranial aneurysm itself, and the research on the mechanism of shear force and
intracranial aneurysm development and rupture should be abandoned In order to
explore the internal mechanism of aneurysms, the effects of different types of shear
stress obtained by CFD were further studied.

The potential impact of high shear stress on intracranial aneurysms clinical
observation found that intracranial aneurysms mostly occurred at the bifurcation,
which may be related to the strong impact of blood flow on the carina of the
bifurcation. The results of CFD study also showed that the shear strength and
gradient were high. The study on the end of basilar artery by Metaxa et al. [22-24]
further confirmed that high shear force and high gradient shear force can induce the
formation of intracranial aneurysm. The histological analysis of early intracranial
aneurysms showed that a large number of proteases, mainly matrix
metalloproteinase-2 and matrix metalloproteinase-9, were secreted by parietal cells
in the early stage of intracranial aneurysms; However, inflammatory cell infiltration
is not obvious in the early stage of intracranial aneurysms. The results show that
high shear stress may have anti-inflammatory effect, which may be related to the
early induction of intracranial aneurysms, and can induce a series of pathological
changes in tumor wall cells.

The potential impact of low shear stress on intracranial aneurysms after the
formation of early intracranial aneurysms, most of the intracranial aneurysms may
have a trend of further enlargement, which will lead to the changes of
hemodynamics in the aneurysms, and most of them are low shear stress and high
shear shear index. Different studies have shown that low shear stress is mostly
related to inflammation and atherosclerosis [7]. The specific manifestations of
aneurysm wall under low shear stress environment are: endothelial cell loose,
inflammatory cell infiltration, Macrophage Secretion of a large number of protease,
vascular smooth muscle cell proliferation, cell phenotype changes and thrombosis
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[25-27]. Among them, inflammatory cell infiltration is particularly significant. It is
suggested that the low shear stress environment may be conducive to the growth of
inflammatory cells and the expansion of intracranial aneurysms. Moreover, the pro-
inflammatory effect of low shear stress may be related to the further development of
intracranial aneurysms.

Therefore, the difference of blood flow shear force can lead to anti-inflammatory
or pro-inflammatory reaction of intracranial aneurysm wall, and then affect the
stability of intracranial aneurysm wall. To determine the degree and trend of
inflammation of intracranial aneurysms is of great significance for the prediction of
the progression and rupture risk of intracranial aneurysms, and it is also of great
significance to formulate the treatment indications for a large number of unruptured
intracranial aneurysms.

5. Summary and Prospect

With the increasing detection rate of intracranial aneurysms in recent years, how
to treat them effectively and reasonably is very important. The study of
hemodynamics has a strong guiding significance for the diagnosis and treatment of
intracranial aneurysms. At present, the study of hemodynamics of intracranial
aneurysms mainly relies on various imaging methods. Although this kind of research
is helpful to the diagnosis and treatment of intracranial aneurysms, it is important to
find the relationship between mechanical effects and biological effects, which is
divorced from the molecular biological mechanism of intracranial aneurysms.
However, the research in this field is very difficult, and there is no mature animal
model of hemodynamics to be used for research, and the related in vitro experiments
are too divorced from the in vivo environment, so the research on hemodynamics of
intracranial aneurysms is always unable to combine with the basic research.
Although some related studies have been preliminarily recognized, the specific role
of hemodynamics in the induction, progression and rupture of intracranial
aneurysms is still unknown. The future research should focus on these technical
problems, constantly improve the research on the mechanism of intracranial
aneurysm, and combine the latest imaging methods and data simulation technology
to push the research of intracranial aneurysm to a new height.
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