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ABSTRACT

A hypoplastic right vertebral artery (VA), a complete circle of Willis 
with hypoplastic right P1- and A1-segments, and left dominant arterial 
configuration were incidentally detected in a 75-year-old male donor. The P1-
segment of the left posterior cerebral artery (PCA) gave branch to an accessory 
right posterior cerebral artery (APCA). The hypoplastic right A1-segment 
arose from the right middle cerebral artery (MCA). The right posterior 

communicating artery (PCoA) from the smaller right internal carotid artery 
(ICA) continued as the right P2-segment. The larger left ICA gave branch to 
the dominant left anterior cerebral artery (ACA) from which the anterior 
communicating artery (ACoA) and both the left and right A2 –segments 
arose. Due to the well stablished close association of vascular dominance 
and variations with cerebrovascular diseases, the knowledge of the variable 
vascular architecture at the base of the brain, would be imperative in the 
various diagnostic and therapeutic procedures.
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INTRODUCTION

Intracranial vascular variations are frequent findings in the general 
population [1]. These variations involve both the internal carotid (anterior) 

and vertebro-basilar (posterior) brain circulations interconnected by the circle 
of Willis and their immediate branches. Since such variations are risk factors 
in the development of aneurysm and ischemia that can result in transient 
ischemic attack or stroke, they are of immense clinical significance [1]. It 
was also known that these clinical conditions are closely associated with 
right or left dominance of these arteries. As a previous study noted, adult 
extracranial and intracranial vessels are primarily left dominant and there 
is a left side predilection for cerebrovascular pathology [2]. The commonly 
encountered variations both in the anterior and posterior circulations were 
morphologically categorized into four groups that include variations in vessel 
origin, number, morphology and pathway [3].

In the posterior circulation, it is well recognized that hypoplastic vertebral 
artery is a common vascular variant and asymmetry of the vertebral arteries 
with left dominance and hypoplastic right vertebral artery is the most frequent 
finding [3], [4]. Several clinical studies have also shown that vertebral artery 
dominance is a risk factor for posterior circulation ischemic stroke [4] but 
has no significant relationship to hemispheric dominance or handedness 
[5]. Depending on the comparative diameter of the P1-segment of the PCA 
and the PCoA, the terminal configuration of the branches of the posterior 
circulation at the circle of Willis was classified as adult type (most frequent 
type with larger P1-segment than PCoA), transitional type (where P1-segment 
and PCoA are of equal size) and fetal type (with P1-segment smaller than the 
PCoA and PCA arises from the ICA) [6]. The fetal type, which is believed to 
be prone to ischemic stroke that involves ICA, is more frequently associated 
with hypoplasia of the VA on the same side, while absence or hypoplasia of 
the PCoA is more common in subjects with normal (non-hypoplastic) VA and 
are less frequent in those with VA hypoplasia [6]. Furthermore, it was also 
noted that the fetal- type is closely associated with ipsilateral A1 hypoplasia in 
the anterior circulation [6] [7].

Very few previous reports noted the existence of APCA, describing it as a 
hyperplastic anterior choroidal artery supplying the territories of the posterior 
cerebral artery [8].

The well-known anatomical variations that involve the anterior circulation 
include the unilateral or bilateral absence of the internal carotid arteries 
(ICA’s) [9] and variations of their branches in the form of absence, 
duplication, and hypoplasia of ACoA as well as the hypoplasia, fenestration, 
duplication and increased length of ACA [10]. Regarding A1 asymmetry, Wu 

T-C et al 2020 [11] clearly stated that the ICA diameter of the dominant A1 
is significantly greater than the contralateral side. Therefore, the knowledge 
of such variant arteries supplying the brain is very crucial in the diagnosis and 
treatment of acute stroke [12]).

METHOD

After opening of the skull and removal of the brain in a 75-year-old male 
donor, the arteries on the basal aspect of the brain including the cranial part 
of VA, basilar artery, the two internal carotid arteries, circle of Willis and the 
branches thereof, were carefully dissected to look for their interconnections 
and distribution patterns. All the normal and variant arteries were exposed 
during the dissection, painted red and photographs were taken for 
illustrations.

CASE REPORT

According to observation in this donor, there was an obvious asymmetry of 
most of the vasculature at the base of the brain with left dominance and 
a complete formation of the circle of Willis but with hypoplastic right A1- 
and P1-segments, hypoplasia of the right VA and an APCA. In general, the 
following variant arteries illustrated by the figure below were observed.

1.	 A smaller/hypoplastic right VA joined a larger left VA just caudal 
to the pontomedullary junction to form the basilar artery.

2.	 The basilar artery, formed by the major contribution of the larger 
left VA, terminally divided into a fetal-type right PCA with a hypoplastic P1-
segment and an adult-type left PCA. The P1-segment of the left PCA gave 
branch to an APCA that crossed to the right ventral to the cerebral peduncles 
to enter the right occipital lobe.

3.	 The larger left ICA gave branch to the left PCoA, left MCA and 
a comparatively larger left ACA. The A1-segment of the left ACA formed 
the major stem that divided into the left A2-segment and the ACoA. The 
ACoA was then joined by the hypoplastic A1-segment of the right ACA and 
continued through the interhemispheric fissure as the right A2-segment.

4.	 The generally smaller right ICA gave branch to the right larger and 
dominant PCA (the only dominant artery of the right side), which was joined 
by the hypoplastic P1-segment of the right PCA and turned posterolaterally 
to the right and became the P2-segment that entered the right occipital lobe. 
The right MCA arose from the right ICA and gave branch to the hypoplastic 
A1-segment of the right ACA (Figure 1).
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DISCUSSION 

It is a well-known fact that variation of the anterior and posterior brain 
circulations including the circle of Willis is a risk factor in the development 
of aneurysm, transient ischemic attack or stroke [1]. A previous study showed 
that both neonatal and adult strokes are more common in the left than the 
right cerebral hemisphere. With regard to arterial caliber and cortical directed 
blood flow, the adult type was found to be left dominant; supporting the 
left side predilection of cerebrovascular pathology described earlier [2]. The 
observation in the present case report, where almost all the arteries on the left 
side are larger in size (except the right PCoA) and their branches covered the 
territories of the left PCA, MCA, ACA, ACoA, A2-segment of the right ACA 
and contributed to the supply of the right PCA territory by its APCA branch, 
theoretically confirms the result of this previous study. According to Hakim 
A et al 2018[3] some of the most commonly encountered variation in any of 
these arteries are persistent primitive fetal arteries, hypoplasia and aplasia 
(agenesis) of arterial segment, which were also observed in this case report as 
hypoplastic P1- and A1-segments of the right PCA and ACA respectively. It is 
also well documented that hypoplastic VA is a common vascular variant and 
asymmetry of the VA’s with left dominance and hypoplastic right VA is the 
most usual finding (50%), while right dominance with hypoplastic left VA 
and symmetric codominance of both arteries constitute about 25% each [3], 
[4]. Several clinical studies have shown that VA dominance is a risk factor for 
posterior circulation ischemic stroke [4] but has no significant relationship to 
hemispheric dominance [5]. Even though this current case report is based on 
the observation in a single donor, the presence of hypoplastic right vertebral 
artery attests with the finding of the two authors above. As relates to the 
earlier classification of the contribution of the vertebro-basilar circulation 
to the arterial supply of the brain and its configuration into adult type, 
transitional type and fetal type [6, 7], the current case report does not exactly 
fit into the these three classification, rather it is a combination of adult type 
(left) with a large P1-segment of the left PCA than the left PCoA and fetal 
type (right) with the presence of hypoplastic VA, P1-segment, and A1-segment 
with Additional presence of APCA. As noted in previous studies and reports, 
APCA is considered to be a hyperplastic anterior choroidal artery, supplying 
all of the territories of the posterior cerebral artery and a recent paper by 
Rusu MC et al 2023 [8] elaborated that APCA and hyperplastic anterior 
choroidal artery describe the same morphology. However, the right APCA 
observed in the current case report differs from this earlier description 
in that it originated from the left PCA and crossed to the right ventral to 
the cerebral peduncles to accompany the right P2-segment formed by the 
right PCoA with no relation to the anterior choroidal artery. Despite the 
exhaustive search of available literature on the different variations of the 
brain circulation, there are no adequate resources that describe the existence 
of accessory right posterior cerebral artery (APCA) originating from the left 
PCA. Therefore, to the best of my knowledge, this is the first of its kind, 
which has not been described before.

The well-known anatomical variations that involve ICA at the base of the 
brain include their unilateral or bilateral absence [9] or absence, duplication, 

and hypoplasia of the ACoA as well as the hypoplasia, fenestrations, 
duplications and increased length of the ACA in the anterior portion of 
the circle of Willis [10]. Regarding A1-asymmetry, the ICA diameter of 
the dominant A1 is significantly greater than the contralateral side [11]. 
The finding in this current case report is more or less consistent with the 
descriptions above but the hypoplastic A1-segment arising from the right 
MCA and a larger and dominant right PCoA. According to the observation 
in this current donor the significant contribution of the right ICA to the 
anterior cerebral circulation is only via the right MCA and the P2-segment 
of the right PCA, while the rest is a territory of the left ICA. The vertebro-
basilar circulation also appears to be diverted to the left through the large 
PCA. Therefore, as stated by earlier authors [12], the lack of knowledge of 
the presence of such variants, may play a detrimental role in the diagnosis 
and management of acute stroke.

CONCLUSION

The knowledge of such normal variations in vascular architecture at the 
base of the brain with right or left dominance and the implicated close 
associations with cerebrovascular diseases, would be valuable in the various 
clinical and radiological diagnostic assessment of patients with such diseases 
and in decision making to take appropriate therapeutic measures.
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Figure 1) A photographic illustration of the vasculature at the base of the brain 
demonstrating the left dominant arterial configuration with a smaller right ICA, a 
hypoplastic right vertebral artery, hypoplastic P1-segment of the right PCA and A1-
segments of the right ACA. It also shows the right APCA arising from the P1-segment 
of the left PCA.
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