NEUROLOGY AND NEUROSURGERY

Saakyan Z.S."2,
Borisova N.V. 2,
Yakhontov I.S. 7,
Makievskiy M.Y. 1,
Stepanov LA. 3

T Republican Hospital No 2

(Petra Alekseeva str. 83A, Yakutsk 677005,
Russian Federation)

2 North-Eastern Federal University

named after M.K. Ammosov

(Belinskogo str. 58, Yakutsk 677000,
Russian Federation)

3 Irkutsk State Medical University
(Krasnogo Vosstaniya str. 1, Irkutsk 664003,
Russian Federation)

Corresponding author:
Ivan A. Stepanov,
e-mail: stepanovivanneuro@gmail.com

Received: 21.08.2022
Accepted: 10.04.2023
Published: 05.05.2023

ABSTRACT

According to various researchers, the prevalence of unruptured cerebral aneurysms
(CAs) in the general population varies from 2 to 5 %. In the vast majority of cases,
CAs do not have clinical and neurological manifestations and are discovered inciden-
tally during routine neuroimaging studies. CAs can cause intracranial hemorrhage.
Asarule, hemorrhages of this type occur in patients aged 40-60 years. It has been es-
tablished that about 10-15 % of patients die from an aneurysmal hemorrhage before
they receive specialized medical care. Recurrent aneurysmal intracranial hemor-
rhage is the main cause of high mortality and disability in this group of patients.
The search for literature sources in the scientific databases PubMed/Medline, EMBASE,
Cochrane Library and eLibrary demonstrated the existence of numerous studies de-
voted to the study of molecular biology and biophysical mechanisms of formation,
growth and rupture of CAs. Combining the results of these studies was the motivation
for writing this literature review. The paper reflects in detail the role of inflammation
and molecular genetic factors in the growth and rupture of the CAs, and presents
the biophysical factors of the rupture of the CAs. The authors pay special attention
to the shape, size and coefficient of the CAs as the most important geometric risk
factors for the formation and rupture of the CAs. This review presents current data
on mathematical modeling of various types of CAs with an assessment of the risk
of rupture of the latter, which has found its application in wide clinical practice.
The authors also attempted to describe the hemodynamic features in various types
of CAs. In turn, the type of blood flow in the CAs cavity largely depends on the size
and shape of the latter and the geometry of the carrier artery, which is the basis
for preoperative planning and the choice of tactics for surgical treatment of patients
with unruptured CAs.
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PE3IOME

Mo daHHbIM pasnu4Heix uccedosamernel, pacnpoCcMpaHEHHOCMb Hepa3opeas-
wuxcs yepebpansHsix aHespusm (LJA) 8 obwieli nonynayuu eapbupyem om2 00 5 %.
Bnooasnsatowem 6osnbluuHcmae criy4aes LJA He uvetom KIUHUKO-He8pOoI102U4ecKUX
nposeneHul u 06HAapyxusarmMcs cjiy4aliHo NPU 8bINOHEHUU NJIAHOBbIX Helipo-
8U3Ya/IU3AYUOHHbIX UCC/Ie008aHUl. LJA Moxem A8umbcsa npu4yuHOU 8Hympuye-
penHoz20 KposousnusaHusA. Kak npasusio, KpogousiugHUS mako20 muna ecmpeya-
romcsa y nayueHmos 8 sospacme 40-60 siem. YcmaroesieHo, ymo okosio 10-15 %
nayueHmMos ymupairom om aHespu3mMamuyecko20 KpOo8oU3/IUAHUS 00 OKA3AaHUsA
UM Cheyuanau3uposaHHol meduyuHckol nomowu. [loemopHoe aHespusmamuye-
CKOe 8Hympuy4epenHoe Kpo8ou3/1usHUe 8bICMyndem 0CHOBHOU NPUYUHOU 8bICOKOU
Jlema’snbHOCMU U UHBAIUOU3ayuU yKasaHHoU epynnel nayueHmos. [IpogedéHHbiIU
NouckK IUMepamypHsIx UCMOYHUKO8 8 Hay4HbIx 6a3ax 0aHHbIx PubMed/Medline,
EMBASE, Cochrane Library u eLibrary npodemoHcmpuposan Hasau4due MHO204UC-
JIeHHbIX UCC1e008aHUU, NOCBAWEHHbIX U3yHeHUI0 MOJIeKyIapHOU buono2uu u 6uo-
hu3UYeCKUX MeXaHU3MOo8 (hopMUpOB8AHUS, pocma u paspeiea LIA. ObveduHeHue
pe3ysibmamos yKazaHHbIX UCC/1e008aHuUl U A8U0CL NOOyOUMesibHbIM MOMEHMOM
K HaNUCAaHur 0aHHO20 IUMepamypHo20 063opa. B pabome demanbHo ompaxeHa
pOJIb 8OCNAsIEHUSA U MOJIeKYIAPHO-2eHemuyeckux (hakmopos 8 pocme U paspulee
LA, npedcmasneHsl buoghusuyeckue pakmopsi paspwiga LJA. Ocoboe 3HaueHue
asmopamu yoeseHo popme, pazmepam u KosgpuyueHmy LIA kak saxxHeluwum
2eoMempuyeckUM hakmopam puckd popMmuposaHrus u paspelea LJA. BHacmoswem
0630pe npedcmassieHbl COBpeMeHHble OdHHbIe 0 MAMeMamu4eckom MooesIupo-
8AHUU pasuy4Hbix munos LJA ¢ oyeHKol cmeneHU pucka paspsi8a nocieoHux,
4Umo Hawis1o c80é npumeHeHuUe 8 WUpPOKoU KiTuHUYeckol npakmuke. Takxe asmopa-
MU NpedNPpUHAMA NONbLIMKA ONUCAHUS 2eMOOUHAMUYECKUX 0cobeHHocmel 8 pas-
JIu4HbIx munax LJA. B ceoro ouepedb mun Kpo8omoka 8 nosocmu LIA 80 MHO20M
3asucum om pazmepa, hopMel NoCe0Hel U 2eomempuu Hecyujel apmepuu, Ha Yém
OCHOBAHO NPedoNepayUOHHOE NJIAHUPOBAHUE U 8b160p MAKMUKU XUPYpP2U4ecKo20
Jle4eHuUA nayueHmos ¢ Hepasopsaswumucs LA.

Knroueeavie cnosa: yepebpasibHole aHespu3msl, (popMUpO8AHUE, pOCM, paspbls,
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INTRODUCTION

According to autopsy data, the prevalence of cere-
bral aneurysms (CAs) is 1-5 % of all deaths [1]. Morpholog-
ically, CAs are characterized by fragmentation of the inter-
nal elastic lamina with damage to the endothelial lining
of the vessel, which eventually leads to changes in all lay-
ers of the vascular wall in the form of aneurysmal bulge
formation, which can be considered as a pathological for-
mation and, at the same time, a compensatory mechanism
to reduce the local hemodynamic load on the vascular wall
[2, 3]. In the vast majority of cases, CAs do not have clinical
and neurological manifestations and are discovered inci-
dentally during routine neuroimaging studies. However, CA
can be a cause of intracranial hemorrhage. As a rule, hem-
orrhages of this type occur in patients aged 40-60 years
[4]. The incidence of CA rupture has been shown to in-
crease from 3 per 100,000 population in the group under
30 to 30 per 100,000 population among people over 60 [5].
It has also been established that about 10-15 % of patients
die from an aneurysmal hemorrhage before they receive
specialized medical care. The mortality rate during the first
3 weeks after CA rupture is 20-30 %, within 30 days it reach-
es 46 %, and more than 30 % of the population is deeply dis-
abled [6, 7]. It is important to emphasis that recurrent an-
eurysmal intracranial hemorrhage is the main cause of high
mortality and disability in this group of patients [7, 8].

The search for literature sources in the scientific data-
bases PubMed/Medline, EMBASE, Cochrane Library and eLi-
brary demonstrated the existence of numerous studies de-
voted to the study of molecular biology and biophysical
mechanisms of formation, growth and rupture of CAs. Un-
doubtedly, knowledge of these mechanisms will allow opti-
mizing existing and developing new methods of treatment
for patients with CA in the near future.

THE AIM OF THE STUDY

Analysis of current literature data devoted on the study
of biological and biophysical mechanisms of formation,
growth and rupture of cerebral aneurysms.

MOLECULAR BIOLOGY OF CA

Role of inflammation

Some studies have shown that vascular wall inflam-
mation plays a crucial role in the formation and growth
of CA [9]. Thus, N. Chalouhi et al. [10] noted in their study
that constant pronounced hemodynamicimpact on the vas-
cular wall leads to the activation of inflammatory process
in the latter with the participation of matrix metalloprotein-
ases (MMPs), smooth myocytes, macrophages and the de-
velopment of oxidative stress. Endothelial dysfunction re-
sulting from a number of modifiable and non-modifiable
risk factors (smoking, arterial hypertension, local blood flow
disturbance in cerebral vessels, genetic factors) represents
the initial stage of CA formation. Oxidative stress initiates

the process of vascular wall destruction due to the accumu-
lation of free radicals and destruction of structural elements
of the endothelial lining [10, 11].

The next stage of vascular wall destruction is activa-
tion of the inflammatory process that involves macrophag-
es, mast cells, T-lymphocytes and a number of proinflam-
matory mediators and cytokines [12]. A long-lasting in-
flammation process leads to changes in the phenotype
of smooth muscle cells and remodeling of the vascular wall
towards the synthesis of extracellular matrix components
in the middle coat of the vessel [13]. Changes in the phe-
notype of smooth muscle cells contribute to the degrada-
tion of the internal elastic lamina, impaired collagen syn-
thesis and dysregulation of the synthesis of extracellular
matrix components [13]. Vascular wall remodeling is di-
rectly related to the degree of nitric oxide (NO) produc-
tion [13, 14]. It is well known that NO is the most impor-
tant angioprotector, but only if it is synthesized in ade-
quate amounts. Inadequate NO content in the vascular en-
dothelium may determine the development of endothe-
lial dysfunction and a number of pathological conditions
[14]. Thus, NO hyperproduction may result from excessive
activation of endothelial NO synthase (eNOS). NO, formed
as a result of this process, when interacting with super-
oxide anion radical can be converted into very toxic sub-
stances (peroxynitrite, nitrotyrosine), which have a number
of pathogenic effects on the vascular wall (increased oxida-
tion of proteins and lipids, inactivation of enzymes, includ-
ing mitochondrial enzymes, increased permeability of cy-
toplasmic membranes, damage to nucleic acids and acti-
vation of apoptosis). According to modern concepts, im-
paired NO bioavailability is the main cause of endothelial
dysfunction in the presence of risk factors (arterial hyper-
tension, coronary heart disease, diabetes mellitus, meta-
bolic syndrome) [15].

The final stage of CA formation is apoptosis of smooth
muscle cells, which leads to thinning of middle coat
of the vessel and increased risk of vessel rupture [16]. In ad-
dition, macrophages, attracted by proinflammatory medi-
ators and cytokines into the vascular wall thickness, begin
to produce large amounts of MMPs, which break down col-
lagen and other components of the extracellular matrix [17].
All this inevitably leads to additional thinning of the vascu-
lar wall, potential formation of CA with its subsequent rup-
ture and development of intracranial hemorrhage. A sche-
matic representation of the role of inflammatory factor in CA
growth and rupture is shown in Figure 1.

Role of genetic factors

The genetic disposition to CA formation is well stud-
ied. The association of CA with various hereditary no-
sological forms has been proved, genes responsible
for the synthesis of structural components of the vascu-
lar wall have been identified, and mutations in the latter
among patients with CA have been analyzed in detail [18].
There is a high incidence of CA in some families in the ab-
sence of evidence of any systemic pathological conditions
[18, 19]. Thus, the presence of the following chromosome
loci is statistically significantly associated with familial CA:
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FIG. 1.
Schematic representation of the role of the inflammatory process in CAs growth and rupture

1p34.3-p36.14, 19q13.3, Xp22 and 7q11[20]. The 7q11 lo-  veloping CA is statistically significantly higher in families
cus contains the COL1A2 gene, the product of whichis colla-  with a history of CA, especially in Japan and Finland. Glob-
gen type |, as well as an adjacent gene responsible for elas-  ally, about 3 % of the population suffers from CA, but the in-
tin synthesis. In turn, collagen type | and elastin represent  cidence of aneurysms in Finland is twice as high. Three
the structural basis of the vascular wall [21]. C.B.Theodotou  new loci on 18q11.2 and 10g24.32 chromosomes associat-
et al. [22] showed in their systematic review that the loci  ed with CA were identified among the Finnish population.
of 9p21/CDKN2 chromosomes are responsible for the pro-  Three loci were associated with CA (2923.3;5q31.3;6q24.2)
cess of the vascular wall remodeling and are statistical- and one with the number of CA (7p22.1). The 7p22.1 locus
ly significantly associated with CA rupture. The study wasmorefrequentin Finland (4.6 %) thanin the Netherlands
of K. Bilguvar et al. [23], involving more than 2000 patients (0.3 %). Five loci account for 2.1 % of inherited CA in Finland
with CA and 8000 control group respondents, demon-  [25]. The previously mentioned COLTA2 gene has been as-
strated that the presence of single-nucleotide polymor-  sociated with aneurysms among patients from Japan, Chi-
phisms in the loci of 2g33.1, 8q11.23 and 9p21.3 chro-  na, and South Korea. Nevertheless, this does not fully ex-
mosomes is statistically significantly associated with cas-  plain the formation of most CA [25].
es of sporadic and familial CA. Other potential genetic tar- Currently, a number of inherited diseases are known
gets for study on CA formation and growth are MMPs, angi-  to be associated with CA formation, growth and rupture.
otensin-converting enzyme (ACE), phospholipase C,eNOS  They include Ehlers-Danlos syndromes (types | and V),
and other genes [23]. At the same time, the authors  Fabry disease, Osler - Weber - Rendu disease, Pompe dis-
of these studies do not exclude the role of external factors  ease and autosomal dominant polycystic kidney disease
in the formation and rupture of CA. (ADPKD) [1, 25]. Hereditary diseases associated with CA
The International Study of Unruptured Intracranial An-  aresummarizedinTable 1. ADPKDisassociated with mutation
eurysms (ISUIA) analyzed unruptured CAs taking into ac-  of PKDTand PKD2 genes |1, 25]. The frequency of occurrence
count patient demographics and the localization of multiple ~ of CA among patients with ADPKD is 10-13 %, and at least
CAs. It was found that more often multiple CAs are localized 25 % of this number have a positive family history of CA
in the region of the middle cerebral artery (28.6 %) and pos-  with/without the development of intracranial hemor-
terior communicating arteries (13.7 %) [24]. The risk of de-  rhage [25].
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TABLE 1
HEREDITARY DISEASES ASSOCIATED WITH CEREBRAL ANEURYSMS [1]

Autosomal recessive 392 AKU

- 9q, 3p8, 1p -
Autosomal dominant 12212?3 g((DDé
Autosomal dominant 4p16.3 FGFR3
Autosomal dominant 9‘;‘32’:'1 Zzg
Autosomal recessive 17923 GAA

Autosomal recessive, X-linked Xq22.1 GLA

Autosomal dominant 177qq2222.'11 ggt ;2 ;
Autosomal dominant 17q11.2 NF1
Autosomal dominant ligl13 MENT
Autosomal recessive 9 0
Autosomal recessive 8q21 CHSI
Autosomal dominant 15g21.1 FBNI
Autosomal dominant 1222 9
Autosomal recessive 9 9

- 7911 -
Autosomal dominant 9q COL5AT
Autosomal dominant 2931 COL3A1
Autosomal dominant 19 g:é; gg

B 19p13.3 B

14932

Autosomal dominant 9 9

Autosomal recessive
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Analysis of the significance of biochemical markers
of connective tissue protein breakdown is a promising
area of the study of the pathophysiology of CA formation
and growth. Currently, some amino acids and their various
forms (oxyproline, hydroxyproline), as well as glycosami-
noglycans are the main markers of connective tissue dis-
order [26-29]. Thus, the study by M.A. Nokhsorova et al.
[26] showed that the parameters of the content of some
amino acids and their various forms can act as markers
of early diagnosis of connective tissue dysplasia (CTD).
Similar results were obtained by T.A. Siraeva et al. [27]
in their study on pediatric patients with glomerulone-
phritis. The study by L. Wang et al. [28] and Y. Guo et al.
[29] demonstrated the dependence of the level of some
amino acids in plasma and urine of patients with aortic
dissection and aortic aneurysm. B. Sokoét et al. [30] point
to a statistically significant correlation between the lev-
el of certain amino acids in the cerebrospinal fluid (CSF)
and the risk of CA rupture.

BIOPHYSICS OF CEREBRAL ANEURYSMS

Geometric factors

Sizes of cerebral aneurysms

The maximum size of CA is generally considered
to be the main risk factor for CA rupture. According
to J. Beck et al. [31] and M. Korja et al. [32], in 70-80 %
of cases the maximum diameter of unruptured aneurysms
is 10 mm. Large (16 to 25 mm) and giant (more than 25 mm)
CAs are less common. The clinical and experimental obser-
vation of J. Suzuki and H. Ohara [33] showed that the wall
of CA, the size of which is not more than 3 mm, is formed
by endothelial lining and fibrous tissue, and at the size
of CA 4 mm and more, a large number of coarse collagen
fibers appear in the wall of the latter. Such morphological
changes in the vascular wall significantly reduce its elas-
tic properties with the formation of thinning areas [33].
The changes reduce the degree of resistance of the vascu-
lar wall to hemodynamic loads. On the other hand, some
authors claim that the difference between the diameters
of ruptured and unruptured CA is no more than 1.5 mm
and has no statistically significant effect on the risk of CA
rupture [34].

A detailed study of the dependence of large CA rup-
ture without taking into account other factors is an ex-
tremely difficult problem due to the fact that the anal-
ysis of the influence of hemodynamic risk factors gives
ambiguous and, in some cases, contradictory results.
According to the study of P.B. Canham and G.G. Fergu-
son [35], CAs with a size of 5 to 9 mm have the high-
est risk of rupture. However, it is known that the blood
flow velocity in the CA is inversely proportional
to its dome diameter squared, i. e., as the CA size in-
creases, the blood flow velocity in the cavity of the latter
will decrease. A decrease in blood flow velocity will lead
to adecrease in the hemodynamic load on the vascular
wall. Similar data were obtained by S. Tateshima et al.
in their study [36].
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Shapes of cerebral aneurysms

It has been proven by numerous studies that the shape
of CA has a greater impact on the risk of CA rupture
as opposed to its size. Oval, oblong or lobulated CAs
have been shown to have a high risk of rupture [36]. Ac-
cording to S. Tateshima et al. [36], in the CA dome region
the greatest wall shear stress is noted. The prevalence
of ruptured multicameral CAs is statistically significantly
higher by 2-7 times [37]. The irregularity of CA contours ac-
cording to the data of digital subtraction angiography (DFA)
is an important risk factor of CA rupture, which confirms
thinning of the CA wall, disturbance of its elastic properties
and presence of thrombotic masses [38]. C. Sadasivan et al.
[39] in their clinical observation noted that CA of the indi-
cated type is statistically significantly associated with rap-
id growth and a high risk of rupture.

The average CA wall thickness is 16-400 um [40].
It is known that the CA wall has less pronounced elas-
tic properties in contrast to the arterial wall. At the same
time, the stretchability of the CA wall differs in its differ-
ent parts [40]. The study by J.G. Isaksen et al. [41] clearly
showed that in hemodynamic systole the maximum degree
of stretching of the CA wall occurs in the region of its lo-
cus minoris resistentia — the dome wall. The lobular struc-
ture of the CA wall confirms the heterogeneity of elastic-
ity of its different sections and correspondingly lower re-
sistance to hemodynamic shocks in comparison with CA
of the correct spherical shape [42].

Ratio of cerebral aneurysms

The CA ratio is the ratio of the CA dome height
to the width of its neck. Comparison of the values of the ra-
tios of ruptured and unruptured CA indicates a statistical-
ly significant predominance of this parameter in the group
of ruptured CA (2.4 vs 1.6, respectively) [43]. The clinical
case series by H. Ujiie et al. [44], including 129 respondents
with ruptured CA and 72 respondents with unruptured CA,
showed that the value of the ratio of ruptured CA exceeds
1.6. The unruptured CA ratio, in turn, does not exceed 1.6
[44]. The authors of this study conclude that if the ratio val-
ue s less than 1.4, it is safe to say that the risk of CA rupture
is low; if the ratio is more than 3, the risk of CA rupture in-
creases significantly [44].

Ratio of CA dome height to the diameter

of the parent artery

The ratio of CA dome height to the diameter of the par-
ent artery as a risk factor for its rupture was proposed
for the first time by M. Tremmel et al. [45]. The authors sta-
tistically significantly found that in 77 % of cases of rup-
tured CA the ratio of CA dome height to the diameter of the
parent artery exceeded 2.05, in contrast to unruptured
CA - less than 2.05 [45]. The authors also clearly showed
that a 5 mm CA located on the anterior communicating
artery with a diameter of 2 mm has a ratio of 2.5, which
indicates a very high risk of its rupture, while a CA of simi-
lar size but located on the internal carotid artery with a di-
ameter of 4 mm has a ratio of 1.25 and a much lower risk
of rupture (about 10 times) [45]. The prospective clinical
study by M. Rahman et al. [46] noted that the ratio of CA
dome height to the diameter of the parent artery is a sta-



tistically significant risk factor for CA rupture (OR = 2.12;
95% Cl: 1.09-4.13).

Mathematical models of cerebral aneurysms

Currently, there are a number of studies on the predic-
tive value of mathematical models of CA growth and rup-
ture risk and its formation. Thus, A.L. Rogozin [47] pre-
sented and studied in detail the prognostic value of a ma-
thematical model of the risk of rupture of the internal ca-
rotid artery CA. The authors have developed the follow-
ing formula:

P= ! ,
1+e7?

where P is the probability of CA rupture, z=b, x X, + b,
XXy+ ...+ bn XX +a,X- values of independent variables,
b - regression ratios, a — constant, e - base of natural log-
arithm. A more extended mathematical model with sev-
eral parameters was developed and studied in detail
by H. Meng et al. [48]. The researchers presented the final
formula as follows:

N, )= MQﬂim)X (H;z ) ,

where p is the ratio of CA neck to the parent artery radi-
us, A is the CA ratio, n is the value of the CA stress factor,
which is a function of the ratio of CA neck to the parent ar-
tery radius and the CA ratio. In contrast to previous math-
ematical models, R. Berguer et al. [49] presented a trigo-
nometric model of CA formation, where special attention
is paid to the angle between daughter arterial branches
forming a bifurcation CA:

cosO= i ,
\ 2B

where {3 is the ratio of the CA neck area to the diameter
of the parent artery, 6 is the angle between the daughter
arterial branches forming the bifurcation CA.

Itis clear that the presented mathematical models can-
not fully characterize all the processes occurring in the CA
cavity and statistically significantly assess the risk of its rup-
ture. Nevertheless, some neurosurgical clinics in the world
actively use mathematical models as a rationale for select-
ing surgical treatment tactics for CA patients in a particu-
lar clinical situation.

Hemodynamics of cerebral aneurysms

Blood flows in the CA cavity into simple steady and com-
plex unsteady, or turbulent blood flows [1]. Simple steady
blood flow in the CA cavity has a unidirectional constant
motion during a single cardiac cycle and may rarely have
a single vortex with a constant or changing localization.
The turbulent flow is usually unsteady and has a multidi-
rectional motion with many swirls of different localizations
in the CA cavity [1, 3].

The type of blood flow in the CA cavity depends
largely on the size, shape of the CA and the geome-
try of the parent artery [1, 16]. In some cases, the blood
flow directed into the CA cavity has a high velocity, small

width and has a significant hemodynamic effect on cer-
tain regions of the CA wall. In other cases, the blood flow
is wider and slower, and exerts less hemodynamic shock
on the CA wall [1, 16].

Particular attention should be paid to hemodynamic
features in bifurcation CAs. Thus, the blood flow velocity
in a narrow-neck CA is significantly lower than in the par-
ent artery. The blood flow velocity is higher in a wide-neck
CA than in a narrow-neck CA. In a wide-neck CA, blood ex-
change with the cavity of the parent arterial trunk occurs
in greater volume than in a narrow-neck CA [1, 50]. More-
over, the risk of thrombosis is much higher in narrow-neck
CA [50].

CAs, which are located at asymmetric arterial bifur-
cations, have individual hemodynamic characteristics.
The part of the CA neck that is adjacent to the larger-di-
ameter daughter artery is subjected to the highest blood
pressure, while the part of the neck belonging to the small-
er daughter arterial trunk experiences a large degree
of stretching under the pulsatile blood flow [51]. The blood
volume in the smaller daughter arterial branch comes
from the CA cavity, while the larger daughter branch is filled
from the parent artery [51].

As for the hemodynamic features of lateral CAs, the fill-
ing of the CA cavity with blood is carried out in the distal part
of the CA neck. The process of constant change of the blood
flow direction occurs in the CA cavity, and the blood exit
is verified in the proximal part of the CA neck [52]. The hemo-
dynamic pressure on the distal part of the CA neck s higher
than on the proximal part and on the CA dome [53, 54]. Ac-
cording to C.M. Strother et al. [55], lateral CA grows in the di-
rection of blood flow due to the stretching of the CA wall
in the distal part of the neck.

Thereport by D.D. Dolotova et al. [56] showed that a ves-
sel branching from the neck or dome of CA causes their clas-
sification as “complex” not only because of the difficulties
of surgical intervention, but also because an additional
vascular branch and its disconnection from the blood flow
can have a significant effect on the change in the parameters
of local hemodynamics. The nature of these changes may
be determined by such factors as the diameter of the ves-
sel arising from the CA and the location of the CA relative
to the parent vessel [56]. The authors of the study also not-
ed that the hemodynamic parameters of bifurcation CAs
were much less susceptible to changes: virtual “removal”
of the vessel had an insignificant effect on the neck wall
and the CA dome located on the flow path from the par-
ent vessel. In lateral CAs, the behavior of the velocity pro-
file and wall shear stress was more diverse, which can be ex-
plained by taking into account the totality of local and sys-
temic factors [56].

CONCLUSION

Currently, a great number of studies on the biologi-
cal and biophysical mechanisms of CA formation, growth,
and rupture has been conducted. The role of the inflamma-
tory process, molecular genetics and hemodynamic factors
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has been confirmed by numerous experimental and clinical
studies. The analysis of risk factors for CA growth and sub-
sequent rupture allows to predict the course of this dis-
ease, to choose optimal methods of surgical treatment
of this group of patients or to monitor patients with un-
ruptured CA. Undoubtedly, further study of the indi-
cated mechanisms of CA growth and rupture will allow
to study in depth the peculiarities of this nosological form
from the positions of both fundamental and applied sci-
ence. This kind of multidisciplinary approach opens up new
opportunities in terms of development and introduc-
tion of the latest methods of diagnosis and surgical treat-
ment of patients with CA into widespread clinical practice
in the near future.
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