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Abstract: It is not uncommon to find anatomical variations in the Circle of Willis in healthy individ-

uals. These variations are typically singular or, more rarely, dual, and by definition, would not cause 

symptoms in the patient. However, reports in the literature suggest that these so-called "arterial 

variations" may be associated with the development of aneurysms, hemorrhages, and cerebral ab-

normalities, as well as increasing the risk of vascular insufficiency and severe brain damage during 

thromboembolic events. We present the case of a 64-year-old woman with complaints of refractory 

headache, whose magnetic resonance angiography demonstrated the association of three anatomi-

cal variations: azygos anterior cerebral artery, true fetal origin posterior cerebral artery, and com-

plete fetal origin posterior cerebral artery. 
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1. Introduction 

Anatomical variations are congenital morphological differences observed across var-

ious organ systems, typically without functional impairment [1]. Vascular anatomical var-

iations are asymptomatic but can elevate the risk of aneurysms, hemorrhages, and cere-

bral malformations. At the base of the brain, the Circle of Willis (or anterior cerebral cir-

culation) is a critical vascular structure comprising the posterior cerebral arteries, poste-

rior communicating arteries, middle cerebral arteries, anterior cerebral arteries, and ante-

rior communicating artery. However, as this case demonstrates, anatomical variations in 

this structure, while asymptomatic by definition, can alter symptomatology in the pres-

ence of certain cerebrovascular pathologies, such as stroke. 

In this study, magnetic resonance angiography (MRA) using the "3D-TOF" (Time-of-

Flight) technique was employed. This method provides contrast between vascular struc-

tures with flow and stationary tissue in a single acquisition [2]. TOF is the gold-standard 

technique for evaluating cerebral arterial vascularization for anatomical variants and vas-

cular malformations [3]. It offers advantages over other imaging modalities, such as digi-

tal angiography, being non-invasive, free from ionizing radiation, and avoiding iodinated 

contrast. While TOF can also assess intracranial venous structures, gadolinium contrast is 

required for this purpose [2]. 

We report a case of a 64-year-old woman presenting with an alteration in anterior 

cerebral circulation and two variations in posterior cerebral circulation, potentially ex-
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plaining her clinical presentation. This case is particularly significant as alterations in pos-

terior circulation drainage patterns can lead to venous congestion, increased local pres-

sure, and heightened risk of ischemic or hemorrhagic events. Furthermore, posterior cir-

culation alterations may result in hypoperfusion in critical areas such as the cerebellum 

and brainstem, increasing the risk of focal neurological deficits, particularly in cases of 

venous thrombosis or stenosis. Notably, this article reports a novel association of anatom-

ical variations in the scientific literature, contributing to a broader understanding of these 

malformations and aiding in the development of clinical guidelines for managing ana-

tomical variations, thereby avoiding unnecessary interventions. 

 

2. Case Report 

A 64-year-old female patient, conscious and oriented in time and space (Glasgow 

Coma Scale score of 15), presented with complaints of severe headache and dizziness, 

both refractory to clinical treatment. To further investigate, a cranial magnetic resonance 

angiography (MRA) using the "3D-TOF" (Time-of-Flight) technique with flow-sensitive 

sequences was performed. The study included three-dimensional reconstruction using 

maximum intensity projection (MIP) techniques. The examination revealed variations in 

the Circle of Willis and the posterior cerebral artery (PCA), including: a segment of the 

anterior cerebral artery indicative of an azygos artery ("common A2 segment") (Figure 1); 

duplication of the posterior cerebral artery in the right hemisphere, with the presence of 

a true fetal-type artery, and a complete fetal-type posterior cerebral artery in the left hem-

isphere (Figure 2). 

 
Figure 1. Magnetic resonance angiography using the 3D-TOF technique, transverse view 

(axial cut) of the Circle of Willis. 1.1) Formation of an azygos anterior cerebral artery. 1.2) 

Duplication of the right posterior circulation. 1.3) Left posterior circulation via the poste-

rior communicating artery. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Discussion 

3.1 Anatomy 

The vertebral arteries and internal carotid arteries (ICA) are responsible for brain 

vascularization [4]. These arteries branch out until they reach the base of the brain, form-

ing a complex anastomosis called the Circle of Willis [5]. The ICA primarily supplies blood 

to the brain [4], traveling unbranched through the carotid canal in the petrous portion of 

the temporal bone, then passing through the cavernous sinus [4]. Beyond this, the cerebral 

portion of the ICA diversifies into several branches, the most relevant to this case being 

the posterior communicating artery (PCoA), middle cerebral artery (MCA), and anterior 
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cerebral artery (ACA). The MCA and ACA connect to form the Circle of Willis (or Arterial 

Circle of the Brain) [4-6]. 

 

Figure 2. Schematic diagram comparing the most common Circle of Willis with the one 

presented by the patient, including all three anatomical variants. In Figure 2A, the most 

frequent Circle of Willis configuration in the general population is shown. Conversely, in 

Figure 2B, the patient's presentation is illustrated, highlighting the anatomical variations. 

A1: A1 segment of the ACA; A2: A2 segment of the ACA; AB: Basilar Artery; ACA: Ante-

rior Cerebral Artery; ACA-azygos: Azygos Anterior Cerebral Artery; ICA: Internal Ca-

rotid Artery; MCA: Middle Cerebral Artery; ACoA: Anterior Communicating Artery; 

PCoA: Posterior Communicating Artery; PCA: Posterior Cerebral Artery; FOPCA: Fetal-

Origin Posterior Cerebral Artery; P1: P1 segment of the PCA; P2: P2 segment of the PCA. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

After the ICA bifurcates, the first segment of the ACA, known as the proximal seg-

ment or A1, connects to the anterior communicating artery (ACoA). The ACA then con-

tinues as the distal segment or A2. The largest branch is the medial striate artery (or re-

current artery of Heubner), which supplies the head of the caudate nucleus. Cortical 

branches further supply the medial and orbital surfaces of the frontal lobe [5, 7]. In sum-

mary, the ACA irrigates the frontal pole and superior and medial surfaces of the brain. 

The MCA, a direct branch of the ICA, supplies the temporal pole and lateral surface of the 

brain, while the PCA supplies the occipital pole and inferior surface of the brain. Addi-

tionally, PCoA supplies the optic tract, internal capsule, thalamus, and cerebral peduncle; 

the basilar artery supplies the brainstem and cerebellum; and the vertebral artery supplies 

the meninges and cerebellum [7]. Understanding the vascularization of the brain and 

identifying corresponding irrigation areas are crucial, as symptoms depend on the degree 

and location of the lesion or variation. 

 

3.2 Azygos Anterior Cerebral Artery 

The azygos anterior cerebral artery (ACA-azygos) is a rare anatomical variation of 

the Circle of Willis, with an incidence of approximately 0.3% to 5% [8, 9]. This variation 

involves the fusion of the A1 segments, forming a single A2 segment, which increases the 

potential for damage in cases of ischemia. Furthermore, it can predispose patients to al-

terations in vasomotor regulation, frequently associated with headaches. Embryologi-

cally, the ICA divides into two trunks: the rostral and caudal. Around day 40 of embryo-

genesis, the rostral portion subdivides into the medial and lateral olfactory arteries, with 

the medial olfactory artery developing into the ACA (Figure 3). Variations in the ACA 
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originate during this embryonic stage. The lateral olfactory artery gradually develops into 

the MCA, recurrent artery of Heubner, anterior choroidal artery, and lateral striate artery 

[8, 10]. 

In this patient, the presence of a single A2 artery may result in increased hemody-

namic stress, leading to a higher risk of arterial rupture and a predisposition to aneurysm 

formation [11], particularly at the bifurcation area, due to doubled hemodynamic pressure 

[12]. Saccular aneurysms have an incidence of approximately 13-71% in cases of ACA-

azygos [9, 12]. This variation is also associated with several cerebral abnormalities, includ-

ing hydranencephaly, agenesis of the corpus callosum, prosencephalic cysts, and optic 

nerve dysplasia [9, 13]. The ACA typically emits branches that supply parts of the caudate 

nucleus, internal capsule, putamen, and globus pallidus [14]. Additionally, leptomenin-

geal branches of the ACA supply the anterior frontal lobe, part of the corpus callosum, 

and the medial surface of the hemispheres, extending from the superior frontal sulcus to 

the parieto-occipital sulcus [14]. 

 

Figure 3. Magnetic resonance angiography using the 3D-TOF technique, transverse view 

(axial cut) of the patient, showing the A1 segments of the ACAs (4.1) merging into a single 

A2 segment (ACA-azygos, 4.2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.3 Posterior Cerebral Artery of Fetal Origin 

The term "Posterior Cerebral Artery of Fetal Origin" (PCAF) encompasses various 

vascular variations involving the posterior cerebral artery (PCA) and distal branches of 

the internal carotid artery (ICA) [16]. Typically, these structures are connected via the pos-

terior communicating artery (PCoA) to vascularize the occipital lobe, inferomedial tem-

poral lobe, and part of the inferior posterior parietal lobe [17]. However, in this variation, 

which occurs in 11% to 46% of adults [17], the PCA territory is predominantly perfused 

by ICA branches. Literature describes multiple types of PCAF, differentiated by the ab-

sence or caliber of the P1 segment of the PCA and the PCoA [18]. The presence of PCAF 

increases the risk of vascular insufficiency [18] and severe brain damage during thrombo-

embolic events [17], potentially explaining ischemia in specific brain areas, as seen in the 

refractory pain experienced by the patient in this case. 

The formation of this variation occurs during the fifth week of gestation, during the 

choroidal stage of embryogenesis, when the caudal branch of the internal carotid artery 
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(cICA) fails to regress as it typically would. Instead, it persists, forming a branch that con-

tributes to posterior circulation. This branch can become a major or sole component of the 

PCoA or serve as a complementary component of the circulation (true fetal origin) [16]. 

In the left hemisphere, the formation of a "full" (complete) PCAF is observed, where 

the P1 segment of the PCA is absent. As a result, posterior circulation in the left hemi-

sphere is entirely supplied by the ICA branch (Figures 1, 2, and 4). This finding supports 

the hypothesis that such vascular alterations predispose the patient to ischemic regions. 

Furthermore, a thromboembolic event affecting the ICA would impact both the MCA and 

the posterior and inferomedial portions of the left hemisphere. 

 

Figure 4. Magnetic resonance angiography using the 3D-TOF technique, parasagittal view 

of the left hemisphere of the patient, showing the PCoA (white arrow), which originates 

from the ICA. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In the right hemisphere, the formation of a true PCAF is observed (Figure 2), which 

creates two posterior cerebral arteries (PCA): one resulting from the persistence of the 

anterior choroidal artery (AChA) and the other from the P1 and P2 segments of the PCA 

[16]. This results in a duplication of the posterior circulation in the right hemisphere (Fig-

ures 1, 2, and 5). This case is one of only three described in the literature where two ana-

tomical variations of the PCA are present in the same patient [19, 20]. Such a fetal variant 

of the PCA significantly alters cerebral hemodynamics, emerging as a risk factor for ische-

mia and potentially explaining the patient's refractory headache. 

 

Figure 5. Magnetic resonance angiography using the 3D-TOF technique, parasagittal view 

of the left hemisphere of the patient, showing the PCoA (white arrow), which originates 

from the ICA. 

 

 

 

 

 

 

 

 

 

 

 



Anatomical Variations of Bilateral Posterior Circulation and Anterior Cerebral Artery: Case Report and Literature Review 6 of 7 
  

 

4. Conclusion 

This is the first reported case of two anatomical variations in the PCA combined with 

an anatomical variation in the anterior circulation in the same patient. Understanding sim-

ilar cases is crucial to encouraging the scientific community to further investigate such 

malformations, particularly in clinical scenarios and during embolization or stenting pro-

cedures, due to the complex morphology of these vessels. It is also noteworthy that, in the 

event of vascular involvement of the MCA, ICA, or PCA, there will be distinct clinical 

manifestations compared to an aneurysm or thromboembolism in a Circle of Willis with-

out variations. The rarity of this case and the potential studies it may inspire are crucial 

for advancing medical education, particularly for neurologists, neurointensivists, emer-

gency physicians, and neurosurgeons. 
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