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Abstract

Vascular diseases of the brain are one of the main problems of modern medicine. The quantity and
quality of neurosurgical operations is growing. We conducted a search for literature covering various vari-
ants of the structure of vascular blood supply to the brain; we were interested in trifurcation of the internal
carotid artery, as the most common development option among non-classical ones. We tried to illuminate
the frequency of occurrence of posterior ICA trifurcation, its functional significance, and the effect on the
development of circulatory disturbances in the brain and vascular anomalies.

Mu apTepusiCbiHbIH flaMy HYCKanapbl: iWKi yilKbl

apTepusCbiHbIH apTKbl TPUdYpaLMAChI

Baitryucoea [1.3., Kanwa6aii E.E., Jiu B.B.
A.H.Cbi3FaHOB aTblHAaFbl YATTbIK FbIbIMU XUPYPris opTanbiFbl, AnMatsl, KasakcTaH

AHpatna

Kasipri MmeanumHaHblH 6acTbl MaCenenepitiy 6ipi MuabIH KaH TamMbipaapbl aypyaapsl 60bin Tabbinajbl.
Hevipoxupyprusnbik onepaunsnapabiq caHbl MEH canachl ecyae. bis mMuabl Tamblpsibl KAHMEH KaMTaMachl3
€Ty KYPblIbIMbIHBIH 8P TYpJIi HYCKaNnapblH KaMTUTbIH 9AebneTTepai i3feaik, knaccukasblk eMec TypiaepaiH
iLWiHAeri ex KeH TapanfFaH Hyckacel PETIHAE ILKi KapOTUA apTepUsIChIHbIH TPUQYPaUNSICh Kbi3bIKTbipAbI. bi3
UKA-HbIH apTKbl TOUPYDALMSCbIHbIH Naiga 60y XuiniriH, OHbIH QYHKUMOHANAbI MAHbI3AbIIbIFbIH XOHE Liepe-
Opanb/ibl KAHMEH KaMTaMachI3 eTyiH Oy3bUTIbICTapbl MEH TaMbIpJibl aYbITKYIaPAbIH AaMybiHa 9Cep eTyi atan
KepceTyre ThipbICThIK.

BapuaHTbl pa3BUTUS apTepuii roIOBHOTO MO3ra:

3aAHa9 TpudypKaumns BHyTpeHHeW COHHOW apTepum

Baiiryucoea [1.3., Kanwa6ai E.E., Jiu B.B.
HauuoHanbHbIA HayyHbIA LLEHTP xupyprum um. A.H. CrbisraHoBa, Anmarsl, KazaxcraH

AHHOTaunsa

CocyancTsle 3a601eBaHNs rON0BHOIO M0O3ra SIBSIIOTCS OfHOV N3 OCHOBHbIX 1P06AEM COBDEMEHHOV Me-
AUUNHBL. PacTeTt Kon4ecTBo U Ka4ecTBO Helpoxupyprnyeckux onepaumi. Mbl npoBesn nouck auTeparypsl,
0CBeLaIoLeli Pa3NNyHbIe BADUAHTLI CTDOEHUS! COCYAMUCTOr0 KDOBOCHAOXEHUS rON0BHOr0 MO3ra, Hac 3a-
UHTEpecoBana TpudypkaLns BHyTPEHHEN COHHOM apTepun, kak Hambosiee 4acTo BCTPEYakoLMics BapuaHT
pasButusi cpeau Heknaccuyeckux. Mol moctapaamuch 0CBETUTL 4AcTOTY BCTPEYAEMOCTH 3a4HEN Tpugypka-
umm BCA, ee QyHKUMOHANbHOE 3HAYEHNE, BIUSIHNE HA Pa3BUTHE HAPYLIEHUI KDOBOCHAOXeHUs M03ra, Co-
CYANCTbIX aHOMAJNH.
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VARIANTS DEVELOPMENT OF CEREBRAL ARTERIES:

POSTERIOR TRIFURCATION OF THE INTERNAL CAROTID ARTERY

The problem of vascular diseases of the brain
remains one of the leading in modern world medi-
cine. There is an increase in neurosurgical opera-
tions performed, for which knowledge of morphom-
etry and anatomical variability is important [1]. The
influence of the structural variants of the arterial
blood supply to the brain affects the state of hemo-
dynamics in the brain. Unequal blood circulation in
certain variants of the development of the arterial
circle can lead to the formation of vascular aneu-
rysms, with subsequent rupture, and the develop-
ment of hemorrhagic stroke, or can to a decrease or
full cessation of blood flow through the supply ves-
sels with the development of ischemic stroke [2].
The arterial circle of the cerebrum is the most im-
portant, constantly acting anastomosis between the
systems of the internal carotid arteries and the ver-
tebrobasilar system. However, in the available liter-
ature there is no clear conception which variations
of the Willis circle are normal variants that do not
worsen the compensatory capabilities of collateral
blood flow, and which predispose to a disturbance
in the blood supply to the brain [3]. Anomalies in
this network can lead to serious clinical conditions,
such as stroke, leading to poor blood supply to the
brain [4]. Congenital vascular abnormalities of the
brain: aplasia or hypoplasia of blood vessels, ves-
sels with atypical morphology, etc. are the result of
an early defection of their development [5].

The anatomical anastomosis provided by the
circle of Wellis is of great importance if one of the
main vessels of the brain undergoes occlusion. It
was found that in more than 50% of people with a
healthy brain and 80% with dysfunctional changes,
at least one artery is present in the arterial circle of
the brain that is absent or underdeveloped [4,6].
“Non-classical” variants of the structure of the arte-
rial circle of the cerebrum (Willis circle) are found ac-
cording to various authors from 25 to 75% of cases
[7]. . Toda and D. Gacheshiladze give the following
figures: 14-25% of cases, 7-16% [8]. In studies of J.
Sidorov and his colleagues, 24% posterior ICA tri-
furcation was also more often detected, which con-
form to 13 patients [9]. According to A. Gorbunov as
a result of his research of 322 people, the “classic
variant” of the Willis circle was found in 51.6% and
in 48.4% one of the non-classical variants, of which
5.1% revealed posterior trifurcation [10]. In his work,
Gorbunov singled out partial posterior ICA trifurca-
tion — equality in diameter of the posterior connect-
ing artery and posterior cerebral artery on one side
and full trifurcation — superiority in diameter of the
PcCA over the proximal segment of the PCA on one
side [10]. In opinion of scientists, such options show
its full-fledged function, which plays a large role in
the regulation of blood flow in the brain. Variants of
the non-classical structure of the Willis circle can be
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the cause of aneurysms in both its anterior and pos-
terior departments. [7]. The most dangerous are the
anterior and posterior trifurcations of the carotid ar-
tery, which affect the spreading of blood in the brain,
until the occurrence of occlusive changes requiring
good collateral circulation. The internal carotid ar-
tery on the side of its posterior trifurcation delivers
about 50% of the blood to the brain, the opposite
internal carotid artery - 40% of the blood, and the
basilar artery - only 10% of the blood [11,12]. In the
posterior section, the most common are: posterior
trifurcation of the internal carotid artery (the poste-
rior cerebral artery departs from the internal carotid
artery), aplasia of one or both posterior connecting
arteries [13]. Kotsenko’s studies have shown that
patients with ICA pathology, such as complete pos-
terior trifurcation, PCA hypoplasia, s-shaped patho-
logical tortuosity, and loop formation are more often
observed cognitive impairment (12.6%), less often
moderate (7%) and lungs (8.5%). With a combina-
tion of anomalies of the intracerebral arteries and
precerebral arteries (complete posterior trifurca-
tion of the left ICA and hypoplasia of the left PCA),
moderate violations of intellectual-mnestic functions
more often developed (33.3%)[14].

In the posterior trifurcation of the ICA, the an-
terior, middle, and posterior arteries of the brain
depart from it, in this case, the posterior cerebral
artery departs by means of the posterior connect-
ing artery. The proximal segment of the posterior
cerebral artery adjacent to the basilar artery (P1)
is usually hypoplastic, however, in rare cases, the
diameter of P1 is equal to the diameter of the en-
larged posterior connecting artery. Unilateral pos-
terior trifurcation of the internal carotid artery is
detected in 22% of cases, and on the right - 2 times
more often than on the left, bilateral - less often
(4% of cases). Posterior trifurcation of both inter-
nal carotid arteries, in which there are large pos-
terior connective arteries, is found to be normal in
the first 4 half of the intrauterine period, which is of
great functional importance [7]. Also, the presence
of posterior trifurcation is important in the treat-
ment of aneurysms of the mouth of the posterior
connective and anterior villous arteries located on
the supraclinoid segment. Due to the frequent cas-
es of trifurcation and the importance of the anterior
villous artery, determine the need to maintain their
patency in the treatment of these aneurysms [15].

Consequence and conclusions:

According to various data, the structure of the
arterial circle of the cerebrum (Willis circle) is found
in about half of the cases, the other half consists
of various non-classical structures [7,11,12]. Also,
some authors suggest a dependence of the struc-
ture of the arterial circle with the frequency of oc-
currence of cerebral circulatory disorders [16,4]. In



VARIANTS DEVELOPMENT OF CEREBRAL ARTERIES:

POSTERIOR TRIFURCATION OF THE INTERNAL CAROTID ARTERY

Trushel’s studies, only people with non-classical
variants of the structure of the Willis circle were
found to have cerebrovascular disorders [3]. Know-
ing the structural features of the various variants of
the Willis circle also allows you to choose the right
tactics in making medical procedures, such as the
treatment of aneurysms of the intracranial ICA, for
example, paraclinoid aneurysms, which make up
20-33% of all cerebral aneurysms [15]. The poste-
rior ICA trifurcations are of particular interest since,
according to Trushel’s data, they are found more
often than others, in Gorbunov’s work, trifurcation
was also more common than others, and in combi-
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