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Abstract
The anterior cerebral artery (ACA) contains anatomical variants that are closely related to its embryology
and development. In this study, the authors reviewed the most commonly encountered variants of the ACA
and anterior communicating artery. They also reviewed the embryological origins of these variants as well
as a variety of associated pathologies. Several variants are described and highlighted with illustrations
including: (1) the aberrant origin of the ACA from the internal carotid artery and its developmental associa‐
tion with the ophthalmic artery; (2) the persistent olfactory artery; (3) the azygous ACA; (4) the triplicated
ACA; and (5) multiple anterior communicating arteries. The formation of aneurysms is associated with
such variants, thus their knowledge and the embryology behind their development are crucial to prevent
injury to the patient.
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INTRODUCTION
The anterior cerebral artery (ACA) and its branches con‐
tain both clinically significant and incidental variations.
The ACA is the primary blood supply to the developing
telencephalon in both amphibians and mammals and to
the frontal lobes in humans. With key anastomoses to
the ophthalmic artery, anterior choroidal artery (AchA),
and external carotid artery branches, knowledge of ACA
anatomy is crucial for surgeons and angiographers in
diagnosing and treating pathological lesions while pre‐
venting complications. This review highlights the main
anatomical variants of the ACA and several pathological
entities involved with such variations.

SEGMENTS/COURSE
There are two main classification schemes for the seg‐
ments of the ACA. The first, described by Fischer in
1938, delineates five segments: (1) Precommunicating
(A1); (2) below the genu of the corpus callosum (A2);
(3) around the genu of the corpus callosum (A3); (4) the
terminal branch of the A4; and (5) the terminal branch
of the A5 [1]. Rhoton [2] supported this classification

system with a few modifications, including dividing the
ACA into a proximal (precommunicating) and distal
(postcommunicating) segment, as well as further distin‐
guishing the post-communicating ACA into infracallosal
(A2), precallosal (A3), supracallosal (A4), and postero‐
callosal (A5) segments. The supracallosal segments tran‐
sition into posterocallosal segments where the ACA
crosses the coronal suture. Osborn [3] acknowledges
several classification schemes for the ACA segments,
but utilizes the second, simpler classification scheme
with three segments: (1) the horizontal/precommunicat‐
ing artery (A1) which runs over the ipsilateral optic
nerve and chiasm; (2) the vertical/postcommunicating
artery (A2) which enters into the interhemispheric fis‐
sure anterior to the lamina terminalis; and (3) the distal
ACA and cortical branches (A3). The ACA terminates
in the choroid plexus in the roof of the third ventricle
after passing around the splenium of the corpus cal‐
losum [4].
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VASCULAR TERRITORY
Cadaveric examination shows that the area perfused by
the ACA has the greatest variability compared to the
middle cerebral and posterior cerebral arteries [5]. The
vascular territory of the ACA includes vessels to the
anterior perforating substance via the medial striate
arteries and recurrent arteries (caudate, septal nuclei),
and provides blood to the rostrum, genu and body of the
corpus callosum, as well as the anterior two thirds of the
cingulate gyrus, internal frontal, paracentral, and parietal
gyri. Through the recurrent artery of Heubner, anterior
portions of the pallidum and caudate nuclei, as well as
the anteroinferior portion of the internal capsule, rely on
blood supply from the ACA [6]. The perforators of the
anterior communicating artery (A-comm) also supply
blood to portions of the optic chiasm, fornix, hypothala‐
mus, and hypophysis. The extent of supply from the
ACA to the medial cerebral hemispheres varies with
shared supply from the posterior cerebral artery. A cho‐
roidal supply to the tela choroidea of the third ventricle
is observed only in aneurysmal malformations due to
arrested development of vein of Galen. In these cases,
the ACA and AchA share a vascular supply to the limbic
structures known as the limbic arterial arch [1]. A
meningeal branch to the anterior portion of the falx may
arise from the ACA at the precallosal segment [1].

EMBRYOLOGY
Through evolution from fish to mammals, the develop‐
ing telencephalon is supplied by the internal carotid
artery (ICA), which comprises a rostral and caudal trunk
[1]. The rostral trunk, from which the ACA eventually
develops, has both medial and lateral divisions that are
referred to as the medial and lateral olfactory arteries,
respectively. The medial olfactory artery eventually
becomes the ACA with branches of the lateral olfactory
artery gradually giving rise to the middle cerebral artery,
the recurrent artery of Heubner, the AchA, and lateral
striate. The choroidal blood supply connects with
branches from the caudal trunk of the ICA, which later
becomes the posterior circulatory system. Variations
during these evolutionary developments set the stage for
several anatomical variants involving the ACA.

The embryology of the ophthalmic artery is also closely
related to the development of the ACA. Lasjaunias
described the embryology of the ophthalmic artery as a
joining of two separate arteries during development. A
ventral ophthalmic artery (VOA), which arises from the
ACA, joins with the dorsal ophthalmic artery (DOA)
arising from the cavernous segment of the ICA, forming

the proper ophthalmic artery which passes through the
optic canal to supply the orbit. This anastomosis, termed
the primitive ophthalmic artery, becomes definitive
when the DOA and VOA regress during development
[1]. The olfactory artery, if persistent in adult mammals,
is a remnant of the medial olfactory artery in lower order
animals. Its usual course is along the olfactory tracts,
eventually turning back on itself at the olfactory bulb to
join the ACA proper distally [7]. The “origin” of the
olfactory artery lies in the location of the A1-A2 junc‐
tion.

The embryology of the A-comm can be traced back to
reptiles where there is a midline fusion of the paired
medial olfactory arteries, which is a branch of the rostral
trunk of the ICA. If only one medial olfactory artery
exists, as is seen in an azygous configuration of the
ACA, no true A-comm is present due to the absence of
this fusion.

VARIANT ANATOMY/PATHOLOGY
An aberrant ACA originating from the proximal intra‐
dural ICA with close relationships to the development of
the ophthalmic artery has been described [1]. In 1976,
Nutik and Dilenge [8] highlighted this anomaly. A
patient presented with subarachnoid hemorrhage and an
MRI revealed a large left-sided cavernous ICA vessel
coursing medially and dorsally that anastomosed with
the contralateral ACA [8]. There was an associated sacc‐
ular aneurysm on this vessel where a normal A-comm
would have been [8]. The course of the vessel described
by Nutik is likely the DOA. Lasjaunias et al.[1] descri‐
bed how several anatomical variants may arise from the
development of the ophthalmic artery with the ACA. A
VOA which arises from the ACA forms an anastomosis
with the DOA from the cavernous ICA in the optic canal
to supply the orbit. This anastomosis, termed the primi‐
tive ophthalmic artery, becomes definitive when the
DOA and VOA regress during development as men‐
tioned earlier [1] (Figure 1).

Any failure of regression may lead to either the ACA
arising from the DOA or, in other words, from the ICA
which provides the so-called infraoptic ACA (Figure 2),
or the definitive ophthalmic artery arising from the ACA
(also termed the VOA) variant (Figure 3).

Incomplete regression may also lead to infundibular or
full aneurysm formation as noted at both DOA and
VOA sites [9,10]. Occasionally, both origins of the oph‐
thalmic artery can persist and serve as a collateral path‐
way.
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The persistent primitive olfactory artery (PPOA) is
another precommunicating anatomical variant. In 2012,
Horie et al. [11] described the embryological origin of
the ACA and its association with the PPOA, explaining
how the terminal ICA during development is termed the
primitive olfactory artery and from this parent vessel the
ACA arises and courses between the developing hemi‐
spheres. If the primitive olfactory artery fails to regress,
it becomes the PPOA which may arise from either the
ICA or ACA to supply distal ACA territory or terminate
in the nasal cavity as the ethmoidal artery. The reported
incidence of a PPOA is 0.14% in a published case series
[12]. If the PPOA remains intradural, it typically runs
along the olfactory tract toward the crista galli and forms
a hairpin turn posterior to the olfactory bulb. Distally,
this vessel may supply portions of the ACA territory or
may enter the nasal cavity as an ethmoidal artery [13].
The PPOA is often associated with aneurysm formation
and has also been implicated in anosmia due to aberra‐
tions in the blood supply to the olfactory tract [14] (Fig‐
ure 4).

The azygous ACA variant demonstrates a single midline
vessel originating from the joining of bilateral A1 seg‐
ments near the vicinity of the normal A-comm. In most
instances, a true A-comm is hypoplastic or absent [15].
The midline vessel lying in the inter-hemispheric fissure
serves as the common blood supply to the medial hemi‐
spheres. Lasjaunias et al. [1] report an azygous ACA
incidence of 0.3%. A true azygous ACA does not branch
along its course over the corpus callosum, but a “fused”
ACA trunk which has been differentiated from the azy‐
gous ACA anatomy does divide into separate distal
ACA vessels at or distal to the genu of the corpus cal‐
losum [1]. At this dividing point, saccular aneurysms are
common, ranging from 13% to 71% in the reported liter‐
ature [16] (Figure 5).

Other clinically significant pathologies include reports
of azygous ACA occlusion leading to bi-hemispheric
and corpus callosum infarcts [8]. The azygous ACA
anatomy has often been associated with other midline
facial and brain abnormalities including holoprosence‐

 

Figure 1. An artist’s depiction of VOA and DOA variants, shown giving rise to a definitive OA.
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Figure 2. MRA demonstrating a right-sided DOA variant where the right-sided ACA arises from the cavernous seg‐
ment of the ICA (red arrow) (left). There is also a large anterior communicating artery aneurysm present (red star).
MRA demonstrating the right ACA coursing below the optic tract (red arrow) on the right side representing the dorsal
ophthalmic arterial variant configuration (right).
 

Figure 3. Digital subtraction angiography AP view before (left) and after (right) stent-assisted coiling of carotid termi‐
nus aneurysm (red star) demonstrating the dual supply to the A2 segment of the left A2 ACA via the A1 segment (dou‐
ble red arrow) and persistent VOA variant (red arrow). After coiling (right), the A2 segment is only supplied by the
infraoptic persistent VOA as the A1 segment is occluded by the coils at the neck of the aneurysm.
 

Tahir et al. 19

Journal of Vascular and Interventional N
eurology, Vol. 19



Figure 4. Digital subtraction angiography demonstrating a right-sided PPOA (red arrow) with an associated aneurysm
(red star) (left). The distal PPOA supplies the frontal lobe. Computed tomography angiography demonstrating a
PPOA (red arrow) with an associated aneurysm (right). The vessel runs along the olfactory tract of the gyrus rectus
and connects with the distal ACA.
 

Figure 5. Digital subtraction angiography demonstrating an azygous variant of the ACA (red arrow) with a single mid‐
line ACA vessel distal to the anterior communicating artery (left). An aneurysm (red star) is arising proximal to the
origin of the pericallosal artery. MRA demonstrating the Azygous ACA variant (red arrow) (right). An aneurysm is
seen at the origin of the pericallosal arteries (red star).
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phaly, dysgenesis of the corpus callosum, and porence‐
phalic cysts [12]. A relatively similar anatomic variant
to the azygous ACA is the bihemispheric ACA, in which
the ACA is supplied from a single A1 vessel and the
contralateral A1 is hypoplastic and primarily supplies
orbitofrontal and frontopolar branches. In this variant, a
unilateral ACA supplies the medial portions of both
hemispheres distal to the A2 segment. If bilateral ACA
vessels are present distal to the A2 segment, one vessel
supplies only the callosomarginal territory unilaterally
whereas the bihemispheric ACA supplies both perical‐
losal territories along with its unilateral callosomarginal
territory [1].

As described previously, the azygous ACA variant has
been reported in association with bi-hemispheric
infarcts, and in 2005, Burbank and Morris [17] descri‐
bed the rare origin of a left ACA from the supraclinoid
right ICA. This origin had only been described once pre‐
viously in the literature and was discovered in the setting
of ischemia of the left hemisphere. The origin of the left
ACA was adjacent to but separate from the origin of the
right ophthalmic artery. In this rare case, occlusion of
the right ICA would lead to bi-hemispheric infarcts in
the ACA territories.

Closely associated with the azygous ACA is another
variant where three ACA vessels exist distal to the A-

comm called a triplicated ACA. As Lemay and Gooding
described in 1966, during fetal life, one to three ACA
vessels exist with variations in adult life persisting as
either involution of two of the three vessels or failure of
involution of any of the three vessels [14]. In 2006,
Uchino et al. [7] reported 27 instances of triplicated
ACA morphology detected on magnetic resonance
angiography (MRA) with associated pathologies includ‐
ing an A-comm aneurysm and two unilateral A1 apla‐
sias. In this variant, the third vessel may supply a varia‐
ble amount of normal ACA territory including the chias‐
matic/paraolfactory area, the corpus callosum as far dis‐
tally as the splenium, or the medial cortex [1].

The triplicated ACA must also be differentiated from the
median artery of the corpus callosum (MACC), which is
a midline vessel originating from or near the A-comm
that supplies varying amounts of blood to the bilateral
corpus callosum. When present, if its course ends at the
rostrum it is often named the subcallosal artery, whereas
a more extensive supply to the corpus callosum includ‐
ing the genu and portions of the body is properly named
the MACC [18]. Lasjaunias et al. [1] report this vessel
as a normal variant representing a fused pericallosal
artery rather than persistence of an embryological entity.
The reported incidence is as high as 13% during micro‐
surgical examination [19]. Occlusion of this vessel may

Figure 6. CT angiography (CTA) demonstrating the presence of two anterior communicating arteries (A-comm) (red
star) (left). CTA 3-D reconstruction demonstrating two separate A-comm vessels (red star) (right). In both images,
asymmetry of the A-comm vessels is observed which is common when multiple (vessels) are present.
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result in bilateral corpus callosum infarcts at or near the
level of the genu.

The A-comm artery is often referred to as a “complex”
due to high variability in the number of bridging vessels
between right and left ACAs. One to three A-comm ves‐
sels may be present at different locations with a
“supreme A-comm” cited as distally as the genu of the
corpus callosum [20,21] (Figure 6).

In fact, a single A-comm may only be present in 60% of
cases with three bridging vessels present in as often as
10% of specimens [20]. Fenestrations in the A-comm or
at the A1-A2 junction are also common with a higher
association with aneurysm formation in these patients
[22]. Asymmetry of an A1 was also associated with a
higher incidence of ipsilateral aneurysm formation at the
A-comm [23].

CONCLUSION
The ACA and its variations carry a rich blood supply to
structurally eloquent areas, including the frontal lobe,
orbit, corpus callosum, and basal ganglia, making it a
clinically significant vascular structure. Pathologies
involving the ACA and its branches, particularly in the
setting of anatomic variations, are extensive and clini‐
cians must be aware of these variations when treating
aneurysms, embolizing tumors, or performing complex
surgical procedures including corpus callosotomies or
intraventricular lesions.
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