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Abstract. Introduction: Treatment of cranial neurovascular pathology requires a detailed understanding of the
brain, head, and neck vasculature. This study aims at a comprehensive overview of the microsurgical anatomy
of the anterior cerebral circulation. Methods: Five formalin-fixed adult cadaveric heads were used. Common
carotid arteries, vertebral arteries, and internal jugular veins were injected with colored latex (red for arter-
ies and blue for veins). The heads were dissected under a surgical microscope with magnifications ranging
between 3x to 40x focusing on the anterior circulation. A synoptic approach was used to describe in detail
the segments, branches, perforating arteries, veins, and vascular territories of the cerebral arteries and veins.
Results: The anterior arterial circulation of the brain is provided by the internal carotid artery (ICA), anterior
cerebral artery (ACA), middle cerebral artery (MCA), anterior communicating artery (ACoA), and perfo-
rating arteries. Perforating arteries of the anterior circulation arise from the ICA, ACA, MCA, ACoA, and
posterior communicating artery (PCoA). The distal segments and collateral branches of the ICA, ACA, and
MCA give the arterial supply to the largest part of the forebrain, whereas perforating arteries of the anterior
circulation are related to the striatum, thalamus, and basal ganglia. The ACoA is the core functional anasto-
mosis between the left and right ICA systems. The external carotid artery provides the vascular supply to the
region of the face, head, and neck, and most of the meninges. The internal jugular venous system is composed
of the internal and external jugular veins, which constitutes the outflow of the cerebral and facial venous sys-
tem, respectively. Conclusion: Thorough knowledge of the topographic, cisternal, and functional anatomy of
the anterior circulation of the brain is critical for surgery of the supratentorial lesions. (www.actabiomedica.it)

Key words: Anterior Cerebral Artery, Anterior Communicating Artery, External Carotid Artery, Internal
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Introduction

Thorough knowledge of the vascular anatomy
of the brain, head, and neck is essential for the safe
and successful management of all vascular pathologies
affecting the central nervous system. Among these,
particularly aneurysms, arteriovenous malformations,
and cranial dural arteriovenous fistulas are nowadays
of interest for both neurosurgeons and interventional
neuroradiologists in the context of a multidisciplinary
approach (1-6). Most of these pathologies predomi-
nantly involve the supratentorial region of the brain
and, accordingly, in-depth mastery of the microsurgi-
cal anatomy of the anterior circulation is the key for
the correct topographic localization of the lesion on
CT, MRI, and catheter-based angiography, as well as
the planning of surgery. Moreover, the intraoperative
identification of the different segments and branches
of the internal carotid artery (ICA), anterior cerebral
artery (ACA), middle cerebral artery (MCA), and
anterior communicating artery (ACoA) is based upon
the knowledge of specific parenchymal landmarks
within the different topographic regions.

The present study consists of a detailed overview
of the microneurosurgical anatomy of the anterior cer-
ebral circulation as it relates to the management of the
neurovascular pathologies affecting the intracranial
supratentorial region.

Methods

Five adult cadaveric heads were used for the study.
Immediately after death, both the common carotid
arteries, vertebral arteries, and internal jugular veins
were isolated in the neck, cannulated with latex tubes,
and flushed with tap water to remove blood clots
and debris. The heads were then formalin-fixed and
stored for three weeks. Afterward, the specimens were
injected with a 100 mL syringe containing a mixture
of colored latex, thinner solution, and catalyst. Three
heads were employed to study the arterial system, for
which red latex was used. The remaining two heads
were injected with blue latex and used for the study of
the venous anatomy. The heads were stored in a plas-
tic bag for 48 hours to achieve the hardening of the

latex and then dissected under a surgical microscope
(OPMI pico, Carl Zeiss, Oberkochen, Germany) with
magnifications ranging between 3x to 40x depending
on the type of vessel. Dissections were focused on the
anterior circulation and multiple digital pictures were
acquired during each step of dissection. The course of
arterial and venous segments, collateral branches, and
vascular territories were studied in detail, and data
were summarized in synoptic tables.

Results
Internal Carotid Artery

The ICA arises in the neck from the common
carotid artery at the level of Farabeuf’s triangle, which
is delineated by the internal jugular vein (IJV') posteri-
orly, the thyrolinguofacial venous trunk anteriorly, and
the hypoglossal nerve superiorly. Classically, the ICA
is noted to originate at the level of the superior border
of the thyroid cartilage, but in fact, the site of origin
varies largely (7). The ICA ascends toward the external
orifice of the carotid canal, initially superficial to the
external carotid artery (ECA), then turning medially
and passing posterior to the ECA. Before entering the
skull base, the ICA passes through the parapharyn-
geal space which is divided into pre-and post-styloid
compartments and bordered laterally by the posterior
belly of the digastric muscle (8, 9). The cervical ICA
has no branches. Inside the temporal bone, the ICA
has three well-defined segments, namely, the posterior
vertical, horizontal, and anterior vertical segments.
The posterior genu lies between the posterior vertical
and horizontal segments, whereas the anterior genu
is located between the horizontal and anterior verti-
cal segments. The posterior vertical segment gives rise
to the caroticotympanic artery. The horizontal seg-
ment is cushioned by a venous plexus and the distal
segment runs inferior to the third trigeminal division
lying within Meckel’s cave. This area corresponds to
the foramen lacerum, which is formed by the union
between the petrous apex, the lateral aspect of the dor-
sum sellae, and the sphenoid body. Above the foramen
lacerum, the petrolingual ligament, lying between the
petrous apex and the lingual process of the sphenoid
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bone, envelopes the anterior genu, fixes the ICA to
the carotid sulcus on the lateral aspect of the body of
the sphenoid bone and marks the caudal limit of the
carotid sulcus itself. The carotid sulcus, where the ICA
runs superiorly, is located within the cavernous sinus;
this is where the cavernous ICA segment begins. The
cavernous ICA makes a vertical posterior bend, then
has a horizontal forward segment and a horizontal
anterior bend, the uppermost part of which passes
medial to the anterior clinoid process, and pierces the
roof of the cavernous sinus (10). The so-called clinoid
segment of the ICA is comprised in between the prox-
imal and distal dural rings that define the limit of the
carotid collar (11, 12). The clinoid segment is bounded
medially by the carotid sulcus, anteriorly by the optic
strut, and medially by the anterior clinoid process.
The distal dural ring is tightly adherent to the ante-
rior and lateral aspect of the clinoid segment, but not
the medial and posterior aspect. This posteromedial
area around the distal clinoid segment is known as the
carotid cave; aneurysms of the carotid cave hemorrhage
into the subarachnoid space (11-13). Not infrequently,
the superior hypophyseal artery arises from the carotid
cave. The cavernous segment gives rise to the menin-
gohypophyseal artery, the inferolateral trunk, and the
capsular arteries. Above the level of the anterior cli-
noid process, the supraclinoid ICA ascends superiorly,
posteriorly, and laterally toward the lateral aspect of
the optic chiasm, then up to the anterior perforated
substance where it bifurcates into the anterior and
middle cerebral arteries (Figure 1,2).

Figure 1. Circle of Willis.

From proximal to distal, the supraclinoid ICA
gives rise to the ophthalmic artery (OphA), posterior
communicating artery (PCoA), and anterior choroidal
artery (AChA), which mark the ophthalmic, posterior
communicating, and choroidal segments of the ICA.
The ophthalmic is the longest segment, whereas the
posterior communicating is the shortest one (10). The
OphA emerges from the ventral aspect of the supra-
clinoid ICA just inferior to the optic nerve and the
anterior clinoid. An anterior clinoidectomy is gener-
ally necessary to expose the OphA. The PCoA and
AChA arise from the back wall of the ICA, along with
the superior hypophyseal perforating arteries arising
specifically from the back wall of the ophthalmic seg-
ment. The largest of these arteries is referred to as the
superior hypophyseal artery (10, 14). The PCoA arises
from the posteromedial aspect of the back wall of the
ICA; its diameter may be as large as that of the poste-
rior cerebral artery in cases of persistent fetal PCoA.
The AChA also arises from the posteromedial aspect
of the ICA and courses posteriorly toward the lateral
aspect of the lateral geniculate body. The first AChA
segment, coursing parallel to the optic tract within the
crural cistern, is known as the cisternal segment, which
is delineated anterolaterally by the uncus and postero-
medially by the cerebral peduncle. The lateral genicu-
late body marks the transition from the cisternal to the
plexal segment of the AChA, which turns abruptly
from medial to lateral to reach the inferior choroidal
point (15-20). Along its course, the AChA gives rise to

important branches to the optic tract, uncus, cerebral

Figure 2. Supraclinoid segment of the internal carotid artery.
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peduncle, temporal horn, lateral geniculate body, hip-
pocampus, dentate gyrus and fornix, and anterior per-
forated substance (16, 17, 19). Within the temporal
horn of the lateral ventricle, the plexal segment of the
AChA widely anastomoses with the lateral posterior
choroidal artery to form a dense arterial plexus supply-
ing the choroid plexus.

Over the years, several ICA segment classifica-
tions have been proposed; some of these have consid-
erable importance from a surgical standpoint (21-25).
The extremely detailed seven-segment classification
by Bouthillier and colleagues probably conforms best
to the needs of most surgeons (23). Table 1 summa-
rizes the main ICA segment classification schemes and
highlights the differences between them (Table 1).

Table 2 describes the collateral branches arising

from the different ICA segments according to the
Bouthillier classification (23) (Table 2).

Anterior Cerebral Artery

The ACA is the smallest branch of the ICA bifur-
cation. Like the MCA, the ACA originates below the
anterior perforated substance then courses medially to
pass above the chiasm or optic nerve and below the
lateral olfactory stria to reach the basal aspect of the
interhemispheric fissure where it joins the ACoA.
From this point, the ACA turns abruptly upward
within the interhemispheric fissure until the subcal-
losal area where it courses inside the callosal sulcus
following the profile of the rostrum, genu, body, and
splenium of the corpus callosum until it joins the distal
posterior cerebral artery (PCA); the ACA and PCA
are widely anastomosed above the splenium of the cor-
pus callosum. The average ACA length and diameter
at the origin are 12.7 mm and 2.5 mm, respectively
(10, 21). However, the two ACAs are seldom equal in
length and diameter. In the case of hypoplastic ACA,
the ACoA is of larger diameter to compensate. The
ACA is classically divided into five segments, from
A1l to A5. The ACoA marks the limit between the
Al and A2 segments. If an Al segment is shorter
than the contralateral one, an unavoidable twist of the
ACoA occurs on the axial plane, this being the main
reason why the ACoA is often better seen on oblique
angiographic projections. Altogether, the A2 to A5

segments are also referred to as the pericallosal artery
because of the intimate relationship existing between
the distal ACA and the corpus callosum (Figure 3,4).
Except for its posterior portion, the pericallosal
artery is located below the free margin of the falx,
this aspect being paramount for orientation during
surgery of pericallosal artery aneurysms. Within the
interhemispheric fissure, the left pericallosal artery
courses above the right one in most cases (26). During
its complex course, the ACA gives rise to a series of
medial lenticulostriate arteries, the most medial one of
which is also known as the recurrent artery of Heubner
(median striatal artery) (21, 27), as well as eight corti-
cal branches through which, apart from the caudate
nucleus and the anterior limb of the internal capsule,
the ACA vascularizes the medial part of the orbital
gyri, gyrus rectus, olfactory bulb and tract, superior
frontal gyrus, and the superior parts of the precentral,
central, and postcentral gyri (10, 21, 26). The strip of
lateral cortex vascularized by the ACA is wider anteri-
orly and narrower progressively posteriorly. Not infre-
quently, the ACA ends in the callosomarginal artery,
the largest branch from the A3 segment running inside
the cingulate sulcus, which is related to the cingulate
gyrus (26). This pattern is responsible for the angio-
graphic “bullnose” appearance of the ACA (28). Table
3 presents a detailed description of the ACA segments,
along with their limits, collateral branches, and vascu-

lar supply (Table 3).
Middle Cerebral Artery

Like the ACA, the MCA arises from the ICA
below the anterior perforated substance and courses
laterally behind the sphenoid ridge to reach the limen
insula where it turns abruptly upward making a genu
that is very well defined on an anterior-posterior angi-
ographic view (Figure 5).

The MCA has a bifurcation (78%), trifurcation
(12%), or rarely, a quadrifurcation (10%) point located
proximal to the genu of the M1 segment in more than
90% of cases (3, 22). Bifurcation further divides the
M1 segment into pre-bifurcation and post-bifurcation
segments, the latter of which has a superior and infe-
rior trunk. Arteries arising from the pre-bifurcation
segment other than perforating arteries are generally
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cortical and called early branches. Regarding the size
of the post-bifurcation segment trunks, equal size,

inferior trunk dominant, and superior trunk dominant
have been reported in 18%, 32%, and 28% of hemi-
spheres, respectively (3, 22). Nearly half of MCAs

send early branches directed to the temporal lobe in

Fronto-polar.

more than 90% of cases (22). Uncal and temporopo-
lar arteries, and the anterior temporal artery, which
is an important landmark for orientation during sur-
gery of MCA aneurysms, are examples of early corti-
cal branches (23). Ascending along the insular cortex,
the MCA trunks reach the circular sulcus of the insula
and the operculum of the frontal, temporal, and pari-
etal lobes before supplying a wide cortical area con-
sisting of most of the lateral surface and some of the
basal surface of the hemisphere. Classically, the cortex
supplied by the MCA is divided into 12 areas: orbito-
frontal, prefrontal, precentral, central, anterior parietal,
posterior parietal, angular, temporo-occipital, poste-
rior temporal, middle temporal, anterior temporal, and
temporopolar (3, 22). This scheme follows a clockwise
order around the Sylvian fissure starting at 8 o’clock.
Each cortical area is generally supplied by a single stem
artery. The posterior temporal stem artery supplying
the angular gyrus is called the angular artery; this par-
ticular artery has a diameter of 1.4 mm on average, the

Figure 4. (A) Course of the anterior cerebral artery along the genu of the corpus callosum; (B-D) pericallosal artery.
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Figure 5. (A-C) Origin and course of the middle cerebral artery within the Sylvian fissure; (D) Lateral lenticulostriate perforating
arteries arising from the M1 segment of the middle cerebral artery supply the internal capsule and basal ganglia. A1, A2, A3, A4, and
A5: segments of the anterior cerebral artery; ACoA: anterior communicating artery; AIFA: anterior inferior frontal artery; Ant. perf.:
anterior perforated substance; R, G, B, S: rostrum, genu, body and splenium of the corpus callosum; BA: basilar artery; Cma: calloso-
marginal artery; Dist. ACA: distal anterior cerebral artery; F1: superior frontal gyrus; Fronto-polar: fronto-polar artery; ICA: internal
carotid artery; MIFA: middle inferior frontal artery; Orb fr: orbitofrontal artery; P1, P2: segments of the posterior cerebral artery;
PCoA: posterior communicating artery; PIFA: posterior inferior frontal artery; Rec. A: recurrent artery of Heubner; MCA: middle
cerebral artery; M2 f: M2 frontal trunk; M2 t: M2 temporal trunk; PCA: posterior cerebral artery; SCA: superior cerebellar artery.

critical size required for long-term bypass patency, and
is widely used as the recipient vessel in most cerebral
vascular bypasses to the MCA (24). Table 3 describes
the segments of the MCA as well as their limits, col-
lateral branches, and vascular supply (Table 4).

Anterior Communicating Artery

The ACoA establishes the vascular connection
between the left and right ICA systems in the mid-
line; crossing blood flow is perfectly balanced in cases
of equally sized Al segments. On par with the ICAs,
PCoAs, and Al segments of the ACA, the ACoA
contributes to forming the anterior part of the Circle

of Willis (Figure 1). Mean ACoA diameter and length
are 1.5 mm and 4 mm, respectively (21). Larger ACoAs
are generally associated with significant diameter dif-
ferences between left and right Als. The ACoA gives
rise to three important groups of perforating arteries:
the subcallosal, hypothalamic, and chiasmatic (29).
Within the anterior circulation, the ACoA is among
the sites having a high frequency of anatomic varia-
tion. Serizawa and colleagues reported the main types
and relative frequency of these variations as follows:
plexiform (33%), dimple (33%), fenestration (21%),
duplication (18%), string (18%), fusion (12%), median
artery of the corpus callosum (6%), and azygous ante-
rior cerebral artery (3%) (29). Despite its small average
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length and diameter, the ACoA has considerable
importance from a functional standpoint in pathologic
conditions because it allows blood flow to the con-
tralateral hemisphere in cases of ICA occlusion. The
balloon test occlusion routinely performed in clinical
practice for ICA aneurysms and various occlusive ICA
pathologies is aimed to assess the functional role of the
ACoA, which may vary case-by-case. The origin of the
ACoA is a common site of aneurysms.

Perforating Arteries

Perforating arteries of the anterior circulation sup-
ply the striatum, thalamus, and basal ganglia. They also
serve as feeders in deep-seated arteriovenous malfor-
mations. During clipping or endovascular embolization
of aneurysms, preservation of the perforating arteries is
fundamental. Perforating arteries related to the anterior
circulation arise from the ICA, PCoA, ACA, MCA,
and ACoA. The lateral lenticulostriate arteries arise in
all cases from the entire pre-bifurcation M1 segment
of the MCA and also from the post-bifurcation seg-
ment in half of the cases (10, 30). In more than 70% of
cases, the lenticulostriate arteries are located less than
5 mm from the bifurcation. The M2 segment rarely has
perforating arteries (27, 31) (Figure 5).

The earlier the bifurcation, the greater the num-
ber of post-bifurcation branches, and vice versa. No
branches arise from the post-bifurcation segment
if the bifurcation point is located more than 2.5 cm
from the origin of the MCA (10, 30, 31). This data is
important for the assessment of the risk of perforating
artery occlusion during surgery for MCA bifurcation
aneurysms. Table 5 summarizes the main groups and
the vascular supply of the perforating arteries of the
anterior circulation, according to their origin from the
parent artery (Table 5).

External Carotid Artery

The ECA is a branch of the common carotid
artery. It provides the vascular supply for much of the
face, head, and neck and most of the meninges (32-36).
It has a role in several vascular pathological conditions,
including arteriovenous fistulas and arteriovenous
malformations. Most cerebral vascular bypasses are

extracranial to intracranial and involve branches from
the ECA. Table 6 reports the main branches of the
ECA and their vascular supply (Table 6).

Veins

The complex venous system of the head and neck
is a tributary of the internal and external jugular veins
(37). The IJV system involves the cerebral and facial
systems; the former is further composed of superfi-
cial and deep venous systems that drain into the dural
sinuses. Table 7 describes the general arrangement of
the head and neck venous system (Table 7).

Discussion

The present anatomic study focused on the nor-
mal vascular anatomy of the anterior cerebral circula-
tion, the mastery of which is pivotal in dealing with
neurovascular pathology affecting the intracranial
supratentorial compartment.

From the surgical standpoint, the in-depth under-
standing of the anterior circulation involves two main
aspects, namely the course of the ICA, ACA, ACoA,
MCA, and their branches within the supratentorial
subarachnoid cisterns, and the knowledge of the pos-
sible anatomic variations of the anterior portion of the

Circle of Willis.
Anatomic Variations

The physiologic patterning of the vasculature of
the developing brain and spinal cord has been reported
to be affected mainly by motor pathways and motor
neurons (38-43). The vasculogenesis underling to the
anatomic variations of the intracranial vessels has
been assumed to be attributable to the same mol-
ecules affecting the neoangiogenesis of brain tumors
and traumatic brain and spinal cord injuries, namely
the Vascular Endothelial Growth Factor (VEGF) and
semaphorin 3A (Sema3A) (44-47). Several deviations
from the normal arterial blood supply of the brain have
been reported. Segmental agenesis of the ICA may
potentially affect each of its embryological segments,



Acta Biomed 2021; Vol. 92, Supplement 4: €2021412

12

“u27.40 Jopro40gy 101407up YN Kadgiv Surgporunuius0d 101u3up o Ko [p4gaidd apprus N Ko [p4ga.d) 101U ) Kiopuw priows jpuiogur SO

wseryo ondQo (67) onewsery)
snuwrerey1od£fy (67) orurereypodAfy
toponu [eados ‘eare [esofeaqng (67) TEsO[[EOqNG VooV
BJBIPEI BUOIOD pue d[nsded [eurour oy}
J0 Jey Jotradns ‘snprpred snqop3 ‘usureind ‘orepne)) ((0g ‘£7) 28eI1oA€ UO ()T "U) SILIDLIE ABLIISO[NOIUI] [EIdIE ] (Teprouayds) 1A VOIN
a[nsdes [eurayuy (LT ‘17) ,1Puqnaf] Jo A101Te JUaLIMOY (fesoredeyur) 7y
o[nsdeo ((£7) 981242 UO g ") (reyuozrroy
[BUISIUT 9Y3 JO qUUIT JOLIDJUE {SNI[ONU d3epne)) SOLISLIE DITLIISO[NINUI] [BIPIA 10 Supeosrunwwoddd) Ty VOV
11190 STLID {SIA[ONU PAI ‘eI3TU BIIURISANS
‘erep8Aure ‘sndureooddry ‘snaponu ayepned oy
0 [rea ‘snprjred snqo[3 (Apoq are[norua3 [eraye]
Uﬂ:mmwo [BUISIUT 93 JO qUII] JOLIISO] Amﬁlms Aummhx:u. U0 SaYOURI] 6 .5 YUOV
Q ﬁNv UOIJEIYISSE[D I9}NWIIdJ
ouelsqns wuﬁ&oﬁum Iouyuy 93 03 wc%hvuum Juowigas ¥ [eproIoyd 3y} Eoﬁv A 17 AOC Amlﬁ J8uer ‘v dv saydURIq [EPIOIOY D)
A\Quﬁm Mﬁpmgoﬁumoawﬂmf
IOLID)UE) Kronre Areqrunurewrai g
o[nsdes (01) (yuessuodur ‘91~ ‘)
[euIoIUI 2 Jo quur] Jorrasod 23 0) LONNALIUOY) SOLIO)IE SULBIONIO ] vood SunedTUNIIWo?) /£20)
(02 ‘61 “p1) Ao1ze [eashydoddy
S[OLIIUSA PIIY} Y3 JO IOO[f ‘WISBIYD Torradns oY) S& 0] PILIDJOI UIJO SI SAYDUEI] A JO I5TIe[ oY,
‘aarou ondo ‘puers Lreyrmyid oy jo wnnqrpunyuy ‘(a8e10AR U 4, ) sorrarre [easfydodAy totradng srwreyyd 99 VOl
£[ddng renosep SOLIaTY SUneIOJId [9SSaA yudreq

GOS.EDUHMU IoLIuy/ uﬂu WO SOLIAIY/ MGCNHOWHD@ .m, Q—Aﬁﬁrb



13

Acta Biomed 2021; Vol. 92, Supplement 4: ¢2021412

oSS E.EQUV

IIA ND ‘S[EU®D IR[NOIIWIS
o) pue ‘s[ad projsew pue wnnue sruedwf) oy Araed oruedwAy,

A19318 Eoumwaow&m

(s€) A1911R

TR[NOLINE JOLIISO

oposnw snizadery,

SYOULIq SUIPUIISI(T

ss0j 1o112350d 211 JO SAFUTUITA]

YOURIq [eaSUTUIA]

ST[o9 ITe PIOISBUI £T8D 3T} JO o oY) JO UM

QUQNHQ .Hmﬁuomhﬂﬁw

mDMUmDE WMOumwaOﬁﬁoﬁuOQhwum

JUENHQ @MOummaO@MuﬁuOQHDum

saposnu snides snuof pue ‘snruajds ‘proyorhls Ornsesi(]

wuﬂoﬁmhn— Hmﬁzowsz

(9¢
‘5¢) A1931% ?ﬁ&ouo

SI[OSNUI JTWIA]

A19718 Ien3uy

ﬂuﬁmu@ ?wwﬁ dwhwu:wwH

[epeq
K101 [e1qe] Totradng

£10)1e [RIqR] JOLIDJUT

SOUDURI] TENPUE[L)
A19318 [eruawIqng

[eo1a100)

Quﬁﬂhh— Hmﬁmmﬁorh

A19110 ucﬁmﬂmm wﬁwqgw/w

£1911e Te1OR,]

auoq ProAY 2y 0JUO PIYIEIIE SA[ISNA]

youeiq profyeyuy

A1911R ﬂmswqmpzm
S[oSNUI SNSSO[30TUI) Arorre fendur
A19718 [enSury daag
uorgues onaypedwLs touadns (¥ N D Kxo1re reurdsopnosnyyp
IX ND ‘A1011e prjores feurajur a1 jo youelq dsrueduwfioonore)) youeiq oruedwA) ToLrayuy
Jun [eaSUrUaWIOININ]
IX PUE X X[ ND ‘udwreroy ren3n( pue essoj 1orraisod oy Jo so3utuayy youerq remn3n(
: (s€-T¢)
IIX ND ¢essoj rotaasod oty jo saSuruajyp youeiq [esso[3odLfy fooure osukreyd
saypueIq Surpuadsy
[eaSudreyd rorrayuy
saoeds [esoonuqns [eaSudrey SSUTI PPN yunu [eagufreyq
saypuelq rotradng
xufre A1931% EOEEHOEHU
Xu£Te[ 9y} JO SPUE[3 PUE ‘OUBIQUIA SNOINUI ‘SA[ISNIA] £1911e [eaSuLre] t01T2dNg L0118
S[oSNUWI PIOISEWOPIAI0UING [OUBI( PIOISEWOPII0UING Eobﬁu uoﬁumsw

£[ddng renosep

mu.ﬂuﬁﬁhm— HNQM—HNHO.H. @:d ?Huﬁw:OU

L1y PROIED) [BUIIXY 3Y3 JO \ﬁmmsm Ie[NOSe/ PUE ‘SIUDURI( [BUIULIIT, PUE [BISIE[[0)) "9 I[qE],




Acta Biomed 2021; Vol. 92, Supplement 4: €2021412

14

12740 P170403 [pULIND 3¢ JO SIGIUDAG JDULULLIT PAIIPISUOI 24D Jv40dusag \Q.Gm\t%a pup Lppixvpy, 20400 jp1upid (N

uorgar ezorred o) jo umys ‘ersey siperodura) oy jo 1ofe [eyIadng [DURIq [BIDLIE] Arorre
PBAY2I0J Y3 JO SI[OSNW PUL UR[S ‘WINIUBIILI ] youelq [eIuoLy ?Homﬁua ?Umbmsm
B[[IXEW 97} JO $59001d IB[O2ATE 9]} JO BSOINTA] SOLIOLIE TEJOQATY
xufreyd 1omof pue S[ppIiA ouelq [edaSulrey
aqm £royrpne xufreyd oy jo ared roddn oo %moﬂﬂumo oy
B[[IXEUW 91 JO $$9001d TEJOIAE 3T} JO BSOONWI ‘(329 Te[owrard pue Ie[OTA] - SWMMM P Juow3as Are[[xewodA1o) g
snuts ATe[[IXeur 91} JO BSOINTA] ‘sosnur anbI[qo IOLIDJUT pUE SNI0AT JOLIJU] A1911e TEIIqIORIUT
aye[ed 1jos pue pIey Jo eSOINIA Kroyre ounyefed Surpuadsa(y
A1A€D Teseu oY) JO BSOINTA] Lxo1re suneredousydg
S[OSTIUI 0JBUIIING 297D A1911e TROONG L1118 £reqxepy

BSSOJ ﬂth&EUu 2yl jo Eﬂoumoﬂhwm Uﬁbwﬂe m:duO&au,H.

sorroyre [eroduray doa(y JuowSss profI g

aposnwr progLrayd [erpow pue [eroye|

sayoueIq pro3Lr g

O[OS I919SSBIA

A191T OLI2)ISSEIA]

©SSOJ A[PPIUI Y1 JO SISUTUIA]

£19)18
[eaSutuow 1055900y

spsnu EONEOTAE uryo ‘43993 9y} Jo ﬁ:sm

%.HOPHN HEOO\JN HO«HQWGH

Nwwo.w Q:uﬁﬂa Uﬂu WO mvwﬁﬂﬂuz

K111 TROSUTUSW S[PPIA] TudWSS Ie[NqIPUEN

189 I[PPHA

K1ayre orueduwdy IoLL)uy

suerquiow oruedwAy,

A1o1re Ie[noLINe mouQ

£[ddng renosep

sayoueId JeuruiIa pue [eId)E[J0)




15

Acta Biomed 2021; Vol. 92, Supplement 4: ¢2021412

(panurzuoy))

Snurs [eursIejAl SIS
readoo
snurs [e11ges JoLaJu| wa)shs
SNOUIA
snurs usen) [BYIUDSOY JO ULoA Teseq daaqy
1ySreng | jo urop uroA uroa Teadag
UroA Hmﬁswgﬁ JQ\M&OHU: M.NHQU.HDQ ﬂmﬁhouCH UIDA 9JBLLISOWR[RY} hOmHQQﬂm
[euzayuy qmnq snus snurs IE[NOIOT, ——
ren3n( | prowsig | 9SI2ASURI], oA [P1G9199 1OLRFAT
(9MOWO)ISEUE TOLIAJUT) UIDA 9qqe ]
Snus S1}0WI0}sEUE JOLIIANS) UIA PIE[O.
[en13es rotradng (onowo3seus I0p ) UIoA PIC[OLT,
SUIA [BIQO1D J[PPIA]
SuroA [e1qa19d rotradng
(ua wa3sAs
ueIAAg worshs [BIG2190
daap)
SNOUIA
UIOA [IQAID eogdng
S[pPpr
wsﬁmm (sosnurs snus daag
[esond SNOUIIARD [erouedouaydg (@
(£€) (3uaunredurod sixe [eInau [eINPENXY) snxopd JoLJuT | rorraysod pue SN:.L £
SUIOA §9708aIg] Te[Iseq I0LI2)UY) Eum.% dng)
snurs
: UIOA [2IQII00
SNOUIOAL))
J[PPIIN
[epyradng
snuis uroa orurpeyydo Torrayuy sosnuIs
[esonad e
totradng uroa drurpeypydo rorradng rma

wa)sAg uraA rensn( fewrajuy

re[n3n( rouaruy

rendeoserdng

TEOTATIID 9SISASURIT,

uroA Te[ngn( feuraxy
TE[NOLINE IOTI2ISO]

(snxord pro84ra1d) Lreprxeppy
IE[NQIPUBIONY

(Teorme Iota1ue) rerodw) Teryradng

w)sAG U Temsn( fewraixy

Evuw%m SNOUIA vﬂuuz ﬁﬁ.m WNME vﬂu mO HCOEQMQNHE MNHOQQO A Dﬁn—ﬁrﬁ



Acta Biomed 2021; Vol. 92, Supplement 4: €2021412

16

SUTOA Tendur

suroA TeaSufrey
uroa proxfy rorradng
uraA ProIfyy S[ppI
uroa ren3n( UISA [EIUOL] wo3sAs
Jeurajuy UroA ?ﬁfoﬁmnw Teoeq
uroA ren3uy
e TERR uroA [erqeT Jorradng
UT9A [BIqeT JOTIJU|
uroa [eroe,] doa(y
wa)sAg urap bw?m: [ Teurayxy




Acta Biomed 2021; Vol. 92, Supplement 4: ¢2021412

17

specifically the cervical, petrous, vertical cavernous,
horizontal cavernous, clinoid, and cisternal one (22).
Lasjaunias and Santoyo-Vazquez reported that, in the
case of segmental agenesis, the ICA blood flow is typi-
cally rerouted toward the distal agenetic segment (22).
Aberrant ICA originates from the union of the inferior
tympanic branch of the ascending pharyngeal artery
with the caroticotympanic artery as a consequence of
the agenesis of the first cervical segment (22, 48-50).
Aberrant ICA is more usual on the right side and in
women (90%) (51). The persistent stapedial artery is
a very rare but possible finding (0.02-0.01%) (52), as
well as the complete agenesis (congenital absence) of
the ICA (53-56). The evidence of a narrowed or absent
carotid canal at the skull base is paramount in the dif-
ferential diagnosis between congenital and acquired,
pathological, absence of ICA as in tumors, dissec-
tion, or fibromuscular dysplasia (55). Hypoplasia of
the ICA has an incidence of 0.079% (54, 55). Kinking
and looping of the cervical ICA have been reported
in 15% of angiograms (54). Further possible variants
include duplication, fenestration, high or low branch-
ing (from Th2 to C1 level) from the common carotid
artery, origin directly from the aorta, and persistent
primitive olfactory artery and dorsal ophthalmic artery
(54, 57-61). Some of the variations related to the ICA
may selectively affect its intracavernous branches (62).
Because of the hemodynamic imbalance or genetic
landscape associated with the anomaly, anatomic
variants of the ICA are associated with aneurysms in
24-34% of cases (63). Anatomic variations of the Al
segment of the ACA comprehend asymmetry (80%),
aplasia (10%), hypoplasia (2%), fenestration (0.058%-
4%) (64-66), and infraoptic course, this last extremely
rare embryological variant consisting of an ipsilateral
or bilateral carotid-anterior cerebral artery anastomo-
sis (67-71). The asymmetry of the A1l segment deriv-
ing from the hypoplasia of one side reduces the chance
for arterial cross-flow from the contralateral side in the
case of ICA, ACA, of MCA occlusion, and also affects
the side selection for surgery of ACoA aneurysms (72,
73). Hypoplasia of A1 has a role as a risk factor in
the formation of ACoA aneurysms (74), and may even
affect their morphology (75). Variations of the A2 seg-
ment involve the existence of a common trunk (azy-

gos-ACA) (0.3-2%) (76-78), accessory/triplicated A2

ACA (2-13%) (64, 65), fenestration (79), and bihemi-
spheric ACA where one A2 gives branches to both
hemispheres (57, 64, 77). Azygos-ACA is frequently
associated with saccular and non-saccular aneurysms
(76, 80). Hypoplasia/aplasia of the ACoA has been
reported to have an incidence of 5% (64), whereas
the incidence of ACoA fenestration is larger by far
(40%) (64, 79, 81). Loukas and colleagues reported
that the recurrent artery of Heubner origin at the level
of confluence of ACA and ACoA in 62.3%, and from
A1 or proximal A2 segment in 14.3% and 23.3% of
cases, respectively (82). The so-called ACoA complex,
formed by distal A1 segment, ACoA, and proximal
A2 segment, may be rotated on an axial plane (twisted
ACoA complex) or also vertical plane (tilted ACoA
complex), this aspect having great relevance in ACoA
aneurysms surgery (83-86). From the phylogenetical
standpoint, ACA is the continuation of the ICA, while
MCA, which develops later than ACoA, is considered
a side-branch of the ICA (87). Anatomic variations
of the MCA include differences in the course of the
M1 segment in the horizontal and vertical plane,
branching variations, variations of the MCA division,
doubled MCA, accessory MCA, and fenestrations
(57, 88-91). Yasargil reported that in the horizontal
plane the M1 segment may be straight diagonal, tem-
poral convex, orbital convex, and S-shaped, whereas
on vertical one it may course straight diagonal (45%),
posterior (10%), or anterior (40%). The M1 segment
can also rarely make a double anterior loupe (5%) (88,
89). About the branching pattern, the most frequent
findings are the origin of a single common trunk from
M1 consisting of temporal arteries (temporal early
bifurcation, 10%), orbital and frontal arteries (frontal
early bifurcation 18%), or both (early pseudobifurca-
tion 2%) (88, 89). Accessory MCA has an incidence
of 0.5%, and early pseudobifurcation and accessory
MCA may be rarely encountered (0.1%) (88, 89). Vari-
ations of MCA divisions entail no bifurcation (2%),
equal bifurcation superior and inferior trunks (50%),
early divisions of superior and inferior trunks (pseudo-
tetrabifurcation 8%), and origin of the middle trunk
from the proximal temporal trunk (10%), frontal trunk
(15%), or distal temporal trunk (15%) (88, 89). Dupli-
cated MCAs have been reported to arise from the dis-
tal ICA above the origin of the AChA and before the
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MCA. Conversely, accessory MCA takes off from the
A1 segment of the MCA and its course is parallel to
the MCA (90, 91). Altogether these variations have an
incidence of about 3% in post-mortem examinations
(92). Ukino et al. found only 6 fenestrated MCAs out
of 2000 MRIs (0.3%) (93). It should be highlighted
that, differently from the embryological remnants of
the central nervous system, which are of ectodermal
derivation, those involving the neurovascular sys-
tem imply aberrant differentiation of the mesoderm

(87, 94, 95).
Cisternal Anatomy of the Anterior Circulation

Inoue and colleagues identified and accurately
described 9 cisterns and 11 inner arachnoid mem-
branes within the supratentorial space, thus complet-
ing the systematic classification reported by Yasargil
(96-98). The supratentorial cisterns comprehend the
1) Sylvian, 2) carotid, 3) chiasmatic, 4) lamina termi-
nalis, 5) pericallosal, 6) olfactory, 7) crural, 8) ambient,
and 9) interpeduncular cistern. The interpeduncular
cistern is considered as a “transitional” cistern between
the supra- and infratentorial spaces. For practical pur-
poses, we prefer to discuss the microsurgical anatomy
of the interpeduncular cistern and the Liliequist’s
membrane in the chapter about the infratentorial
compartment. The inner arachnoid membranes are
the 1) proximal sylvian, 2) medial carotid, 3) lateral
carotid, 4) lateral and 5) medial lamina terminalis, 6)
olfactory, 7) intracrural, 8) lateral, 9) intermediate, and
10) medial intrasylvian (96, 99). The proximal Sylvian
membrane attaches to the lateral orbital gyrus and the
uncus and separates the Sylvian and carotid cisterns.
The carotid and chiasmatic cisterns are separated by
the medial carotid membrane, which attaches to the
superior aspect of the oculomotor nerve and basi-
cally corresponds to the arachnoid web of the optico-
carotid triangle (36-42). The lateral carotid membrane
extends from the optic to the oculomotor nerve and
forms the lateral boundary of the carotid cistern (96,
99). Lateral and medial lamina terminalis membranes
are attached on the lateral and medial parts of the
gyrus rectus, respectively, and the optic chiasm. The
lateral lamina terminalis membrane separates the
lamina terminalis and the carotid cisterns, whereas

the medial lamina terminalis membrane separates
the lamina terminalis and the pericallosal cisterns.
The olfactory membrane joins the posterior orbital
gyri posteriorly and the gyrus rectus anteriorly form-
ing the posteroinferior margin of the olfactory cis-
tern. Intracrural membrane is comprised between the
uncus to the cerebral peduncle and divides the crural
cistern into superior and inferior compartments. The
AChA and PCA courses above and below the intrac-
rural membrane, respectively. Lateral, intermediate,
and medial intrasylvian membranes divide the Sylvian
cisterns attaching to the MCCA at various levels. The
Sylvian cistern, delimited by the opercular part of the
frontal, temporal, and parietal lobe, has three distinct
segments, namely the proximal (pre-insular), middle
(insular), and posterior (retro-insular) one (89). The
pre-insular one is the deepest segment. It consists of
the Sylvian vallecula, between the ICA bifurcation and
the limen insula. The Sylvian vallecula is the segment
where the M1 segment of the MCA, lateral lenticu-
lostriate arteries, and deep Sylvian vein run. Yasargil
reported that the length and width of the vallecula
range between 30 and 50 mm, and 5-6 mm, respec-
tively (89). The lateral most aspect of the Sylvian val-
lecula, which is related to the limen insula, marks the
limits between the M1 and M2 segments of the MCA
(10, 89). The chiasmatic arteries of the ACoA origi-
nate within the lamina terminal cistern and provide
for the arterial supply of the upper part of the chiasm
in the chiasmatic cistern. The A2 segment of the ACA
and subcallosal perforating arteries of the ACoA lie
within the subcallosal cistern (100). The cavernous
ICA has no relationship with the subarachnoid space.
Conversely, it is a potential site of spontaneous and
traumatic carotid-cavernous fistulas (101-104). The
clinoid, ophthalmic, and communicating segment of
the ICA, the superior hypophyseal arteries, and the
perforating arteries from the back wall of the ICA
course within the carotid cistern. PCoA and AChA
run in the lateral upper part of the interpeduncular
cistern and crural cistern, respectively. ICA bifurca-
tion, perforatings from the ICA terminus, and ante-
rior perforated substance lie in the olfactory cistern.
The A1 segment of the ACA, ACoA, recurrent artery
of Heubner, and medial lenticulostriate arteries are
related to the lamina terminalis cistern, while the M1
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segment of the MCA and lateral lenticulostriates to
the and Sylvian cistern.

Cisternal Approach to the Supratentorial Region

The anterior circulation of the brain is related to
the subarachnoid cisterns of the supratentorial region
and the cisternal approach to the supratentorial lesions
consists of a compartmental opening of one or more of
these cisterns (88, 97, 98, 100, 105-107). Any lesion
may grow epiarachnoidally or also within one or more
cisterns but, in both cases, specific cisternal corridors
are necessary to achieve the lesion. In several situa-
tions, it is necessary to go through more than a single
cistern to reach the target (97, 98, 108, 109). During
aneurysm surgery, the compartmental approach to the
supratentorial subarachnoid cisterns allows to expose
the different segments of the anterior portion of the
Circle of Willis and, through some of these subarach-
noid corridors, even part of the posterior circulation
(88,107). The pterional approach permits the access to
all of the supratentorial cisterns, being considered for
this reason the workhorse of anterior and middle skull
base surgery. The cisternal approach is required also for
those aneurysms of the more proximal segments of the
ICA, as the clinoid one (110).

In the last few years, the results of the initial
experience about the use of the endoscope in intrac-
ranial aneurysms surgery have been reported (111,
112). However, the practicability of this approach for
aneurysms is still distant from that of skull base lesions
(113, 114).

Conclusion

The internal and external carotid arteries provide
arterial vascularization of the anterior circulation of the
head and neck. They are widely anastomosed at differ-
ent sites. The ACoA is the main physiologic functional
anastomosis between the left and right ICA systems.

The anterior cerebral circulation involves a large
number of perforating arteries arising from the ICA,
PCoA, AChA, ACA, ACoA, and MCA that provide
vascular supply to the striatum, thalamus, and basal

ganglia.

The ECA supplies the soft tissues of the face,
head, and neck, and also the meninges.

The venous outflow of the head is primarily a
tributary of the IJV and is composed of superficial
and deep venous systems, both draining into the dural
sinuses.
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