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Abstract 
The circle of Willis is a very important vascular mechanism of protecting against cerebral ischemia, especially when circulation within the 
main arteries irrigating the brain is somehow impeded. As result of congenital malformation arising early in embryonic development, the 
fetal-type posterior circle of Willis remains as such during the rest of one’s life. Consequently, the posterior cerebral artery (PCA) becomes 
a branch of the internal carotid artery (ICA), rather than of the basilar artery (BA). Furthermore, the rest of collateral circulation, between the 
anterior and the posterior regions of the brain, is also negatively affected (e.g., leptomeningeal vessels). The anatomical variant represented 
by the artery of Percheron (AOP) has its origin on one of the PCAs, supplying singlehandedly both paramedian areas of the thalamus (right 
and left) and posterior regions of the midbrain. In the present study, we report a case of bilateral thalamic infarction with midbrain involvement, 
where the correct diagnosis was made retrospectively using computed tomography (CT) scan, magnetic resonance imaging (MRI), diffusion-
weighted imaging (DWI) and three-dimensional time-of-flight magnetic resonance angiography (3D TOF MRA). 
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 Introduction 

The posterior cerebral arteries (PCAs) originate from 
the basilar artery (BA), close to the pituitary stalk at the 
pontomesencephalic joint [1, 2]. These PCAs are supplying 
with oxygenated blood: the midbrain, the thalamus, the 
occipital lobes, the posteromedial aspect of the temporal 
lobes and the regions of the posterior inferior parietal 
lobes [3, 4]. 

Studies of human cadaveric brains demonstrated the 
diversity existent in the morphology of the posterior cerebral 
circulation. The anomalies found include partial circle, 
uneven with duplication, triplication, lack or union of 
components and fenestrations of the vertebrobasilar 
junction [5–7]. 

According to the autopsy studies on various deviations 
from normality regarding the circle of Willis, vessels 
reduced in thickness and absent vessels predominated  
in posterior cerebral circulation [7–10]. Most variants 
described in literature are either string-like vessels or 
persistent embryonic variants of the PCAs from the 
internal carotid arteries (ICAs) [4, 11]. 48–58% of the 
population has an asymmetrical circle of Willis, arising 
during fetal development [12, 13]. 

Fetal posterior cerebral artery (FPCA) represents an 
anatomic variant of PCA, deriving directly from the ICA, 

without having a link with the BA [14–16]. The embryonic 
origin of the PCA was detected by angiographic studies in 
11% to 46% of the general population, most commonly 
being found unilaterally (4–26%), while bilaterally was 
found in only 2–4% of cases [2, 11–15]. An FPCA is 
named a full FPCA if the precommunicating arterial 
segment (P1) of the PCA is absent or hypoplastic, not 
being detected by imaging or contrast substance, and partial 
FPCA, when the P1 portion is present, but is smaller than 
the posterior communicating artery (PCoA) [11–14]. 

The leptomeningeal vessels represent secondary 
collaterals established between the anterior cerebral artery 
(ACA), middle cerebral artery (MCA) and the PCA, which 
are used when the primary ones are incapable [12, 17]. 
Persistence of a FPCA makes impossible the development 
of collaterals between the anterior and posterior cerebral 
circulation, since the FPCA is part solely of the anterior 
cerebral circulation, without a connection to the vertebro-
basilar system [11, 12, 15]. 

Four variants of neurovascular supply to the midbrain 
and thalamus were described by Gérard Percheron in 
1973. The artery of Percheron (AOP) represents a congenital 
malformation of the paramedian arterial supply, in which 
an artery, emergent from the P1 segment, endows, by itself, 
through bifurcation both paramedian thalamus and, in some 
cases, the rostral mesencephalon [18–20]. 

R J M E
Romanian Journal of 

Morphology & Embryology
http://www.rjme.ro/



Carmen Corina Roman-Filip et al. 

 

290 

Aim 

We discuss the case of a patient with an anatomical 
variant of the posterior cerebral circulation who was 
diagnosed after several cerebral imaging investigations. 
The main purpose of our paper is to highlight the 
importance in the current practice of corroborating magnetic 
resonance imaging (MRI) with three-dimensional time-of-
flight magnetic resonance angiography (3D TOF MRA) in 
patients with the anatomical variant of the Willis polygon 
in the posterior territory, which according to the literature 
can precipitate the production of a stroke. More than this, 
it is important to carry out this imaging examination to 
facilitate the right treatment and to have the possibility 
of performing some rescue procedures at the right time, 
such as thrombectomy. 

 Case presentation 
A 70-year-old male patient arrived at our Emergency 

Department of the Emergency County Hospital, Sibiu, 
Romania, in August 2020 (with reduced level of 
consciousness, psychomotor agitation, motor deficit in the 
left limbs, dysarthric speech disorders, and ataxia. His past 
medical history includes hypertension, hypertensive heart 
disease, ischemic heart disease and type II diabetes mellitus. 
His modified Rankin Scale (mRS) score prior to admission 
was zero. He had no past history of hypoglycemia, transient 
ischemic attack, substance abuse, head injury, trauma or 
seizure activity. Blood pressure was 180/90 mmHg with 
rest of the vitals being normal. The neurological examination 
revealed a Glasgow Coma Scale (GCS) of 12/15 (eye 
opening response – 3; best verbal response – 4; best motor 
response – 5) with left hemiparesis [3/5 Medical Research 
Council (MRC) superior limb and 2/5 MRC inferior limb], 
bilateral extensor plantars and absent neck rigidity. On 
examination, pupils were unequal, with sluggish light 
reaction, divergent strabismus on the right eye, horizontally 
nystagmus to the right. The National Institutes of Health 
Stroke Scale (NIHSS) score was 13 points. 

Relevant physiological markers, including blood 
glucose, complete blood count, serum electrolytes, liver 
and renal function tests and arterial blood gas were 
unremarkable. Electrocardiogram showed normal sinus 
rhythm. The ultrasound examination of the extracranial 
vessels revealed multiple atherosclerotic plaques situated 
on the left common carotid artery, left ICA, left external 
carotid artery, and right vertebral artery (which is completely 
obstructed). 

The initial computed tomography (CT) showed no 
obvious brain lesion. MRI done three days later showed 
features of a sub-acute infarction in paramedian thalami 
and rostral midbrain bilaterally (right>left) (Figure 1). 

Based on our initial findings (neurological examination 
and cerebral imaging), the initial diagnosis presumed was 
acute ischemic stroke in the territory of AOP. For a final 
diagnosis, a 3D TOF MRA was performed. The exami-
nation revealed a bilateral fetal-type posterior circle of 
Willis, demonstrated by the lack of visualization of the P1 
segment of the PCA, with the P2 segment continuing with 
the PCoA, which shows an increased caliber (Figure 1). 

Our patient could not benefit from recombinant tissue 
plasminogen activator (rtPA) therapy because we did not 
know exactly the onset timing of symptoms. He received 

antithrombotic therapy and followed neuromotor recovery. 
He was discharged with a Rankin score of 3 points, which 
means that our patient was able to walk without support 
and his disability was moderate. 

 
Figure 1 – (A) Coronal section with bilateral para-
median thalamic hyperintensities with extension to the 
midbrain; (B and D) TOF MRA revealed a bilateral 
fetal-type posterior circle of Willis, with arrows pointing 
where the two P1 segments of PCAs should have been; 
(C and E) ADC axial images illustrates bilateral para-
median thalamic and midbrain diffusion restriction; 
(F) DWI axial image showing focal areas of restricted 
diffusion in bilateral paramedian thalami; (G) MRA 
shows a full fetal variant of the PCA (yellow arrows), 
left hypoplastic vertebral artery (blue arrows) and 
anatomic variant of right ACA (red arrows). ACA: 
Anterior cerebral artery; ADC: Apparent diffusion 
coefficient; DWI: Diffusion-weighted imaging; MRA: 
Magnetic resonance angiography; PCA: Posterior 
cerebral artery; TOF; Time-of-flight. 

 Discussions 
Our patient presented neurological signs and symptoms 

compatible with thalamic infarction. We used cerebral CT 
scan as first-line procedure when it comes to imaging. MRI 
was postponed, not being performed at the symptom’s 
onset, because the state of the patient was severe. Three 
days later, the diffusion-weighted imaging (DWI) was 
obtained, showing high-signal intensity in the paramedian 
thalami and in the rostral midbrain (right>left). 
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The midbrain and the thalamus receive blood supply 
from perforating branches arising from the P1 and P2 
segments of the PCA and the PCoA. In one of Percheron’s 
variations, all these perforators arise from a single branch 
of the PCA – the AOP, also named the internal optic artery 
of Duret or the thalamoperforating artery of Foix and 
Hillerman (Figure 2) [21–24]. 

 
Figure 2 – Four variants of the paramedian thalamic–
mesencephalic arterial supply: (A) Variant 1 – normal 
anatomy; (B) Variant 2a – the left P1 segment is the 
wellhead of both paramedian arteries; (C) Variant 2b – 
illustrates the PeA; (D) Variant 3 – in this anatomical 
variant, an arcade gives rise to the paramedian arteries 
connecting the left and right P1 segments. BA: Basilar 
artery; M: Midbrain; PCA: Posterior cerebral artery; 
PeA: Percheron artery; T: Thalamus. 

Following the enclosement of the neural tube, a series 
of primitive endothelial vascular cells form a certain 
number of channels. The development of the entire brain 
vascularization originates in those particular cells. 

The development of the posterior brain circulation  
is linked to the development of the occipital lobes. The 
occipital lobe and the brainstem growth in size provide 
the initial stimulus for the first stages of development of 
the posterior cerebral circulation. The first posterior arteries 
to develop are the BA followed closely by the vertebral 
artery. As the embryo is smaller than 5 mm, the developing 
posterior fossa is supplied by several endothelial channels 
called neural arteries that are connected to the carotid 
system via several collaterals such as the trigeminal or 
hypoglossal artery. The vertebral artery is linked to the 
ICA via the proatlantal artery, which regresses at a later 
stage. As the neural arteries grow, they develop into the 
BAs and vertebral arteries respectively. Following the 
growth of the PCoA, those anastomoses regress with 
occasional persistence in adult life [25, 26]. As the 
embryonic development reaches day 24 (3 mm), the 
primitive ICA forms. Following this event, the primitive 
ICA gives rise to two divisions: the anterior division, which 
will for the anterior brain circulation, and the posterior 
division, which forms the FPCA and the primitive posterior 
choroidal artery. The FPCA will develop and eventually 
form the PCoA. As the BA grows, it will eventually branch 
and give rise to the P1 segment of the adult PCA. The 
two segments will eventually fuse resulting in the adult 
PCA, which will be linked to the internal carotid system 
by the PCoA. 

The most common posterior circulation anomaly, also 
present in our patient, is linked to the formation of the 
primitive or FPCA. These anomalies can present either as 
a complete absence of one PCA or the absence of both. 
Another anomaly is the absence of one segment of the 
PCA, especially the P1 [27]. 

With the complete absence of both P1 segments of the 
PCAs, the circulation of both occipital lobes is considered 
fetal as the PCoA will provide full blood supply to both 
occipital lobes as the carotid arteries will eventually 
provide full blood supply to most of the occipital lobes. 
This type of vascular malformation is considered extremely 
rare and is potentially linked with an increased severity 
of ischemic cerebrovascular events [27]. 

For an assured diagnosis, it is important to examine 
the patient’s potential morphological and anatomical 
variations of the circle of Willis. Thus, we performed a 
3D TOF MRA, which is a well-recognized method for 
such a goal [28]. This highlighted a bilateral FPCA 
circle of Willis, which is characterized by the abnormal 
fetal development of basilar circulation, resulting in the 
absence of the P1 arterial segment (Figure 3). At the same 
time, on our patient’s MRA, the BA was significantly 
smaller in size than what is considered to be normal, this 
aspect being supported by the current literature [28]. 

 
Figure 3 – Circle of Willis: (A) Complete circle of 
Willis; (B) Full bilateral fetal PCAs. ACA: Anterior 
cerebral artery; ACoA: Anterior communicating artery; 
BA: Basilar artery; ICA: Internal carotid artery; MCA: 
Middle cerebral artery; PCA1: P1 segment of posterior 
cerebral artery; PCA2: P2 segment of posterior cerebral 
artery; PCoA: Posterior communicating artery. 

We have reviewed the literature available regarding the 
incidence of FPCA arising from the ICA. Iqbal (2013) 
studied 50 adult brains during autopsy to have an inner-
most understanding of the variations in the circle of Willis 
[4]. He mentioned thar 6% of the specimens had an 
incomplete circle owing to the non-existence of the P1 
segment of the PCA. The complete agenesis of P1 segment 
may be encountered bilaterally in 2% to 4% of cases [14]. 

Collateral cerebral circulation is complex, connecting 
all three main arteries: anterior, MCA and PCA. The 
leptomeningeal collaterals represent communications of 
the terminal cortical branches of the important cerebral 
arteries that are joined at the boundaries of their distribution 
areas. Collateral flow through anastomotic systems might 
be “non-functional” in various pathological conditions. 
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In the full FPCAs, collateral circulation is lacking 
between the anterior and the posterior part of the cerebrum, 
because a unilateral ICA supplies both the MCA and the 
PCA [2, 16, 29]. 

In patients suffering from such syndrome, like our 
patient, there is an increased risk of ischemic maladies, 
especially to the posterior cerebral area, and a higher 
incidence of strokes [30], with the latter being confirmed 
by post-mortem reports [12, 30]. 

The communicating arteries of the cerebral polygon 
are the first collateral enlisted. In case of FPCAs, the 
ICAs must deliver a higher debit of blood than in the 
normal arrangement of the polygon. Patients with ICA 
obstruction associated with full FPCAs are exposed to  
a higher risk for ischemic issues, compared to patients 
with a normal configuration of the circle of Willis, in 
which the collaterals can expand between the anterior 
and posterior cerebral circulation [29–31]. Furthermore, 
the lack of contralateral A1 segment exposes patients to 
an even greater risk, considering that a single ICA must 
feed with blood the areas of anterior, MCA and PCA. 

As in our case, two subsequent studies [23, 24] have 
reached the conclusion that FPCAs represents a major 
risk factor for vascular events, since such variants were 
confirmed in autopsy studies of people who died from 
infarcts. One of these studies found that the configuration 
of the anterior system of the circle of Willis is also 
valuable in the risk estimation. The biggest infarct 
incidence in brains have been described especially when 
one ICA preferably fed both ACAs, an MCA and a PCA. 

 Conclusions 
The anatomical variations of the posterior cerebral 

circulation were probably detailed during fetal development 
and persist in postpartum period. Anomalies in the circle 
of Willis like hypoplasia and absent vessels were more 
common in posterior cerebral arterial system. FPCA can 
increase the risk of cerebral ischemia, the neurologists 
should therefore eagerly tackle the stroke risk factors of 
patients with these variants, such as ICA stenosis and 
atrial fibrillation. This article brings into discussion the 
importance in the current practice of corroborating MRI 
with 3D TOF MRA (which demonstrated high sensitivity 
in evaluating component vessels in the circle of Willis), 
for patients with the anatomical variant of the Willis 
polygon in the posterior territory. A complete knowledge 
of the various possible arrangements cerebral vessels can 
exhibit, is very important for neurosurgeons, neurologists 
and neuroradiologists when putting the correct diagnosis 
and selecting the appropriate therapeutic strategy. 
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