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ABSTRACT. Introduction. The cerebral arterial circle (circle of Willis) is akey structure ensuring
intersystemic blood flow. The classical closed configuration is found in no more than 25-50% of
cases, and the skull shape may influence the topography of its arterial segments. The aim of this
study was to systematize current knowledge on the variants of the cerebral arterial circle and to
analyze the relationship between these variants and craniometric characteristics. Materials and
methods. A review of publications indexed in PubMed, Scopus, and eLibrary databases for the
period 20002024 was performed. In parallel, the authors' own material was analyzed, comprising
MSCT angiographies of patients from a municipal multidisciplinary hospital in Saint Petersburg.
Results. The most common deviations from the classical configuration include hypoplasia or
aplasia of one or both posterior communicating arteries, as well as the fetal type of the posterior
cerebral artery. Dolichocephalic individuals showed a tendency toward a higher frequency of
incomplete variants of the posterior part of the circle, whereas brachycephalic individuals more
often exhibited a closed configuration. Conclusions. Skull shape may be considered one of the
predictors of the anatomical variant of the cerebral arterial circle, which is relevant for assessing
individual risk of cerebrovascular events.
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BAPUAHTHAA AHATOMWA APTEPUA/IBHOIO KPYTA
BO/IbLUOIO MO3rA: B3AMMOCBA3b C ®OPMOM YEPENA
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PE3IOME. Bgedenue. AptepualbHBI KPyT OOJBIIOTO MoO3ra (BHJUTH3WEB KPYT) — KJIIOUe-
BOE 3BEHO, 0OecreunBalollee MEKCUCTEMHBIH KpOBOTOK. Kitaccnueckoe 3aMKHYTOE CTPOCHHE
BcTpeuaeTcs He Oonee yeM B 25-50% naOnronenuii, a ¢opma depemna MOKET BIMATH HA TOMO-
rpaduio ero apTepuanbHbIX cermMeHToB. ey padomst — cUCTEeMaTH3MPOBATH COBPEMEHHBIC
MPEJICTaBICHUS O BapuaHTaX CTPOEHUS apTEPHAIBHOTO Kpyra OOJBILIOr0 MO3ra M IpoaHaju-
3UPOBATh CBSI3b 3THX BAPHAHTOB C KPAHHOMETPUUYECKHUMH XapakTepucTukamu. Mamepuavl u
MemoOoubl. Brimonnen 0630p nybnukanmii B 6azax ganubsix PubMed, Scopus u eLibrary 3a me-
puoa 2000-2024 rr. [1apannenbHO MPOBEACH aHAIU3 COOCTBEHHOTO MaTepHuaja, BKIIOYAIOIIero
M3Yy4YECHHE PE3YJIbTaTOB BBIIIOJHEHHUS MYJbTUCIMPAIbHON KOMIIBIOTEPHOM ToMOrpaduu ¢ aHIu-
orpadueil y maMeHToB ropocKOro MHOronpoguiasHoro craunonapa ropona Cankr-IletepOyp-
ra. Pezynomamepr. Hanbonee 4acTbIMU BapHaHTaMHU OTKJIOHCHHH OT KJIACCHYECKOTO CTPOCHUS
SABJIAOTCA T'UIIOIIJIa3UA WJIN alljla3ust OJJ;HOI7[ AIU 00enx 3aJHUX COCOIHUHHTCIIBHBIX apTepI/Iﬁ, a
Takke (peTalbHBIN TUIT 3aHEH MO3TOBOH apTepun. Y moiuxoredalioB OTMeUeHa TCHACHITUS K
0oJbIIeH YacTOTe Pa30OMKHYTBHIX BapHaHTOB 3aJHETO OTAEa Kpyra, Torna Kak y oOpaxuuedaios
yale BCTpeyaeTesi 3aMKHyTast Konurypamus. Boieoost. DopMmy ueperna MOKHO paccMaTpUBaTh
KaK OJIMH M3 NPEAUKTOPOB aHATOMHWYCCKOI'O BapraHTa apTCprUaJIbHOI'O Kpyra, 4To UMCCT 3Ha4UC-
HUE I OLIEHKU MHAMBUAYAJIBHOTO PUCKA LIEpPEeOPOBACKYIISIPHBIX COOBITHI.

KJIIOUEBBIE CJIOBA: apTepuaibHBIF KPYT OOJIBIIOT0 MO3Ta, BUIJIU3UEB KPYT, BAapHaHTHAS
aHatomusi, Qopma depemna, KpaHUOMETpHUS, uepenHoW ykaszatenb, KT-anruorpadus,
nepeOdpoBacKyIsIpHAs aTOJIOT S

Hcrounnk puHAHCHPOBAHUSA. ABTOPHI 3asBIISIOT 00 OTCYTCTBUH BHEIIHETO (PMHAHCHPOBAHNS IIPHU MIPOBEACHUH UCCIIEN0-
BaHUSL.
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INTRODUCTION

The cerebral arterial circle, described by
Thomas Willis in 1664, continues to attract close
attention from anatomists, neurologists, and neu-
rosurgeons. This is only natural: being the princi-
pal collateral pathway between the internal caro-
tid and vertebral artery territories, it largely deter-
mines the resilience of cerebral hemodynamics to
occlusive lesions of the major cervical vessels [1,
2]. The classical description assumes a closed
arterial polygon formed by the anterior cerebral
arteries, the anterior communicating artery, the
internal carotid arteries, the posterior communi-
cating arteries (PCoA), and the posterior cerebral
arteries [3]. However, as has been repeatedly em-
phasized in the literature — and our own practical
experience confirms the “classical” closed variant
is an idealized norm rather than a typical finding.

According to systematic reviews, a fully
formed arterial circle is observed in only 20-49%
of subjects, depending on the method of investi-
gation and the evaluation criteria applied [4, 5].
The remaining cases present a wide array of vari-
ants, ranging from minor caliber asymmetry of
paired arteries to the complete absence of indi-
vidual segments. Such variability is of more than
theoretical interest. In the setting of acute cere-
bral ischemia, it is the competence of collateral
flow through the arterial circle that frequently
determines the volume of brain tissue damage
and, ultimately, disease prognosis [6].

A parallel and no less fundamental problem
concerns the relationship between intracranial
vascular architecture and constitutional features of
the skull. The shape of the neurocranium, quan-
tified by the cephalic index, reflects the ratio of
maximum cranial breadth to maximum cranial
length and, consequently, the configuration of the
cranial cavity in which the major arterial trunks of
the brain base are situated [7, 8]. It appears plausi-
ble that differences in the geometric parameters of
the cranial cavity may affect the length, branching
angles, and caliber of the arterial circle segments.

Nevertheless, targeted studies of this relation-
ship have been relatively few, and the available
data are often contradictory. The aim of the pre-
sent study was to systematize the existing know-
ledge on the variant anatomy of the cerebral arte-
rial circle and to analyze the possible association
between its configuration and craniotype.

The study was conducted in two sequential
stages. The first stage comprised an analytical re-

view of publications retrieved from the PubMed,
Scopus, and eLibrary databases using the key
search terms “circle of Willis variants”, “cereb-
ral arterial circle anatomy ”, and “cephalic index
AND cerebral arteries” for the period 2000—
2024. Inclusion criteria were original studies
using autopsy or in vivo (computed tomography
angiography, magnetic resonance angiography)
material with a sample size of at least 50 cases,
as well as systematic reviews and meta-analy-
ses. Case-based publications lacking quantitative
analysis were excluded.

The second stage consisted of the authors'
own investigation performed on CT angiograms
of the brain with simultaneous assessment of
craniometric parameters. The cephalic index
was calculated as the ratio of maximum cranial
breadth to maximum cranial length, multiplied
by 100. Patients were allocated into three groups:
dolichocephalic (index <74.9), mesocephalic
(75.0-79.9), and brachycephalic (=80.0) [7]. The
configuration of the arterial circle was evaluated
according to a classification that takes into ac-
count the status of both the anterior and posterior
segments: completely closed, closed in the an-
terior segment only, closed in the posterior seg-
ment only, and open [9, 10].

Statistical analysis was performed using Pear-
son's chi-squared test for comparing frequencies
of categorical variables. Differences were con-
sidered statistically significant at p <0.05.

RESULTS AND DISCUSSION

Analysis of the published literature confirms
the high variability in the structure of the arterial
circle. K.S. Kapoor et al., upon examination of
1,000 brain specimens, found the classical closed
configuration in only 45.2% of cases [4]. Simi-
lar figures — ranging from 37 to 52% have been
reported by other authors working with autopsy
material from various populations [5, 11]. When
MR angiography is employed, the proportion of
the “classical” variant appears somewhat lower,
at approximately 28—42%, which is presumably
attributable to the limited spatial resolution of
the method in visualizing small-caliber ves-
sels [12, 13].

The posterior segment of the arterial circle ex-
hibits substantially greater variability compared
with the anterior segment. This finding is well
consistent with embryological data: the posterior
communicating arteries form later in develop-
ment and frequently undergo secondary regres-
sion in the postnatal period [14]. Hypoplasia or
aplasia of one PCoA is detected in 22-34% of
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cases, according to various estimates, while bi-
lateral changes are reported in 8—18% [5, 11, 15].
The fetal type of the posterior cerebral artery, in
which the posterior cerebral arteries receives its
blood supply predominantly from the internal ca-
rotid arteries rather than the basilar artery, is en-
countered in 15-32% of subjects [12, 16].

The anterior segment of the circle shows less
variability. Nevertheless, aplasia or hypoplasia of
the proximal segment (A1) of the anterior cere-
bral artery is observed in 1-10% of cases, and
duplication of the anterior communicating artery
in 10-18% [4, 11]. It should be noted that in our
own sample, the distribution of variants was ge-
nerally consistent with the literature, although
certain differences presumably of population-
specific nature were documented.

The question of the influence of skull shape on
intracranial angioarchitectonics was first raised in
classical works by Russian anatomists. [.V. Gai-
voronsky et al. in their studies of craniological
characteristics, pointed to significant differen-
ces in the topography of the cerebral base vessels
among individuals with different craniotypes [8].
Yet systematic data incorporating modern imaging
modalities remained fragmentary until recently.

A number of international studies have
attempted to correlate the cephalic index with the
configuration of the arterial circle. B. Eftekhar et
al., based on 102 CT angiograms, found a trend

toward a higher frequency of incomplete poste-
rior segment variants in dolichocephalic indivi-
duals [17]. The authors attributed this pheno-
menon to the greater anteroposterior extent of the
skull base, resulting in “stretching” of the pos-
terior communicating arteries and their functio-
nal insufficiency. Conversely, in brachycephalic
subjects — with a more compact configuration
of the posterior cranial fossa — the distance bet-
ween the basilar artery bifurcation and the caro-
tid siphons is reduced, which presumably favors
the preservation of fully developed PCoAs.

Our study yielded similar results. In dolicho-
cephalic individuals, a completely closed arterial
circle was identified significantly less frequently
than in brachycephalic subjects. The difference
was statistically significant (p <0.05) and was
driven primarily by variations in the posterior
segment (Fig. 1).

The anterior segment showed minimal diffe-
rences between the two groups, which is in agree-
ment with published data on its relative stability.

These results, for all their consistency, require
cautious interpretation. First, the cephalic index
is a relatively crude parameter that does not cap-
ture all the nuances of the posterior cranial fossa
geometry. Second, the configuration of the arteri-
al circle is determined by multiple factors, inclu-
ding the genetic characteristics of angiogenesis,
hemodynamic conditions during the embryonic

Fig. 1. Anatomical variants of the circle of Willis: absence of all communicating arteries (1) and absence of both
posterior communicating arteries (2) (results of original radiological studies by L.Yu. Artyukh, 2025)
FORCIPE TOM 9 N1 2026 ISSN 2658-4174 (Print) ISSN 2658-4182 (Online)
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Fig. 2.

Three-dimensional volume rendering technique (3D VRT) of multislice computed tomography angiography

studies of patients for skull shape determination (authors’ own results). 1 — lateral view (norma lateralis);
2 — occipital view (norma occipitalis); 3 — vertical view (norma verticalis) (results of original radiological

studies by L.Yu. Artyukh, 2025)

and postnatal periods, and the presence of sys-
temic vascular disease [14, 18]. In our view, skull
shape is more likely one of the “modifying” fac-
tors rather than the sole determinant (Fig. 2).

The practical significance of the obtained data
is defined by the fact that incompetence of col-
lateral circulation through the arterial circle sub-
stantially increases the risk of ischemic stroke in
patients with steno-occlusive disease of the extra-
cranial arteries [6, 19]. As noted by V.G. Lelyuk
and S.E. Lelyuk, in the ultrasound assessment of
compensatory capacity of cerebral hemodynamics,
the completeness of the circle of Willis determines
the pattern of blood flow redistribution within the
arterial ring at the base of the brain [3].

Consequently, consideration of craniotype —
alongside neuroimaging data may be useful in
planning carotid endarterectomy and stenting. If
an incomplete posterior segment of the circle is
identified in a particular dolichocephalic patient,
the risk of hemodynamic stroke in the setting of
ipsilateral carotid stenosis is potentially higher.
This hypothesis, of course, requires prospective
clinical validation.

The limitations of the present study should
also be acknowledged. The review component
does not claim the completeness of a systema-
tic review with meta-analysis; our own sample,
while sufficient to identify a statistical trend, re-
quires expansion in order to refine the quantita-
tive parameters of the association. Furthermore,
we did not have data on the hemodynamic signi-
ficance of the identified anatomical variants —
a task that may be addressed in future studies
employing transcranial Doppler ultrasonography
and functional stress tests.

The cerebral arterial circle is characterized
by high anatomical variability, with its posterior
segment being considerably more variable than
the anterior one. Skull shape, as assessed by the
cephalic index, may be regarded as one of the
factors associated with the configuration of the
arterial circle.
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Bxaax aBropos. Bce aBropsl BHECHH Cyliie-
CTBEHHBIN BKJIaJ B pa3pabOTKy KOHLEILUH, IPO-
BEJICHUE HCCIENOBAHUSA M MOJATOTOBKY CTaTbH,
MPOWIN U 0H00pHUIN (PUHATHHYIO BEPCHIO TIEpe.
myOnuKauei.

Kongaukr naTepecoB. ABTOPHI AeKIapUpy-
I0T OTCYTCTBHME SIBHBIX M IOTEHIHWAJIbHBIX KOH-
(IIMKTOB MHTEPECOB, CBS3aHHBIX C MyOnuKanuei
HACTOAILIEH CTaThH.
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