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Abstract

A complete configuration of the circle of Willis is not always present, and anatomical variations are observed
often. The fetal posterior cerebral artery has been described in cases where the embryonic posterior
communicating artery has failed to regress, something that may happen on the right side, the left side, or
bilaterally. We describe a case of a male patient with bilateral posterior cerebral arteries with direct
communication with the internal carotid artery on both sides who presented with symptoms of stroke
allocated to both posterior and middle cerebral artery areas. In our knowledge, although there are several
reported cases of occipital infarction from internal carotid artery disease, this is the first case of
simultaneous infarction in the territories of the posterior cerebral and middle cerebral arteries due to
internal carotid artery disease.
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Introduction

The cerebral arterial circle, first described by Willis in 1664, is formed by the afferent arteries in the brain,
the left and right internal carotid arteries, and the basilar artery. The circle of Willis is made because the
incoming arteries to the brain are interconnected and form the anterior and posterior cerebral arteries. The
anterior cerebral arteries are interconnected with the anterior communicating artery, while the basilar artery
divides into the two posterior cerebral arteries, which are connected with the internal carotid arteries by the
posterior communicating arteries to form the complete circle of Willis. A complete configuration of the circle
of Willis is present in about half of the population, and anatomical variations are observed often [1,2]. Fetal
posterior cerebral artery occurs in cases where the embryonic posterior cerebral artery has failed to regress
and can be found equally on the right and left sides (10% of the population, respectively, for each side) or on
both sides (8% of the general population) [3,4].

Atheromatous internal carotid disease is mainly the cause of stroke in the middle cerebral artery distribution
area and the borderline area between the middle and anterior cerebral arteries [5]. Occipital infarction is
caused mainly by a cardiac source or local embolism from the vertebrobasilar system [6]. On rare occasions,
stroke in the distribution area of the posterior cerebral artery can be caused by disease located in the
internal carotid artery as a result of the anatomic variation in which the posterior cerebral artery arises
directly from the internal carotid artery [7].

We describe a case with both posterior cerebral arteries arising from the internal carotid artery that
presented with symptoms from the distribution areas of both the posterior and middle cerebral arteries. In
our knowledge, although there are several reported cases of occipital infarction from ICA disease, this is the
first case of simultaneous infarction in the territories of the PCA and MCA due to ICA disease.

This article was previously presented as a meeting abstract at the XXVI ESVS 2012 in Bologna, Italy.

Case Presentation

A 59-year-old male, a heavy smoker (2-3 packs/day) with a history of hypertension and
hypercholesterolemia, was admitted to the emergency department for numbness of the left side of his face
and his left hand and leg. He reported an episode of left-side hemiparesis lasting for six hours and a second
episode similar to the one that he had on admission, lasting for 12 hours, both episodes in the preceding
week before admission. Clinical examination showed left hemianopsia, hypoaesthesia, and slightly
decreased muscle power on the left side of his body. The echo study of the heart showed normal left
ventricular size and a good systolic function (EF 65%) without any areas of dyskinesia or thrombus, and the
Holter study didn’t show any significant arrhythmias. Admission Doppler study of the carotids and the
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vertebrobasilar circulation showed a near-normal range and flow speed for all vessels examined (RICA PSV
120 cmy/sec). An admission CT scan showed a hypodense region on the right parietal-temporal-occipital
region, indicating ischemic infarction in the distribution areas of the right posterior and middle cerebral
arteries (Figure 1).

FIGURE 1: CT scan showing a hypodense region on the right parietal-
temporal-occipital region.

Further evaluation was continued with a cerebral MRI and MRA, with findings of ischemic infarction in the
region of the right occipital lobe and, to a smaller extent, in the cognate temporal lobe, the corporis callosi,
and the ventral thalamus (Figure 2).
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FIGURE 2: Cerebral MRI showing ischemic infarction in the region of
the right occipital lobe, the cognate temporal lobe, the corporis callosi,
and the ventral thalamus.

The cerebral MRA revealed the fetal type of both posterior cerebral arteries, arising directly from the internal
carotids, without any collateral with the vertebrobasilar system (Figure 3).
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FIGURE 3: Cerebral MRA reveals the fetal type of both posterior
cerebral arteries.

The right internal carotid had an atheromatous plaque, causing 50%-60% focal stenosis in the region of the
carotid bifurcation (Figure 4).
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FIGURE 4: Cerebral MRA, showing a 50%-60% focal stenosis in the
region of the right internal carotid bifurcation.

Based on those findings, the patient had a right carotid endarterectomy to remove the potential embolic
source. The endarterectomy was performed uneventfully, and the patient was discharged home after three
days.

Discussion

Occlusive disease of the internal carotid artery in cases of fetal-type posterior cerebral artery may produce
occipital infarction. Infarctions in both ICA and PCA territories represent a rare category (1.5% of PCA
patients present with hemianopsia). Ischemic lesions in the ICA territory are usually

small and multiple, contrary to those found in the PCA territory, which are single and are located mainly in
the cortex. Cardioembolic sources are rarely found, and almost all patients demonstrate steno-occlusive
lesions of the relevant ICA and fetal-type PCA (fPCA) [8].

Our patient experienced symptoms from the territories of both the posterior and middle cerebral arteries,
thus highlighting the anatomic relation between the internal carotid artery and the posterior cerebral artery.
The unusual clinical association between the posterior cerebral artery and extracranial internal carotid
occlusive disease was present to its full extent in our patient. After the development of the typical signs and
symptoms of internal carotid disease, symptoms of occipital infarction followed, originating once again from
the internal carotid. The unusual clinical association was only explained when the cerebral MRA revealed
fetal type for both posterior cerebral arteries. The fact that both posterior cerebral arteries originated from
the internal carotid arteries meant that an embolism from the basilar artery of the posterior circulation was
impossible. The only route for passage of an embolus was the anatomic channel of the internal carotid artery
to the posterior and middle cerebral arteries. The fetal configuration of both posterior cerebral arteries was
also responsible for the development of the occipital infarction because leptomeningeal vessels between the
anterior and posterior circulation cannot develop to serve as ‘secondary collaterals’ [9].

The collateral blood flow that is created by the circle of Willis provides a salvage pathway in cases of severe
stenosis or occlusion to one of the afferent arteries to the brain. Anatomic variations that produce an
absence of collateral blood flow due to hypoplasia or atherosclerosis of the communicating arteries of the
anterior and posterior circulation of the brain may lead to a higher risk of stroke.

Conclusions
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Clinical physicians must be aware of the clinical importance of the collateral function of the circle of Willis
and the clinical consequences of anatomic variations that may exist. They should keep in mind that stroke
in the territory of the posterior cerebral artery might be associated with severe carotid stenosis, which
implies that carotid endarterectomy would be beneficial for that selected group of patients.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Konstantinos G. Seretis, Theofanis Papas, Andreas M. Lazaris

Acquisition, analysis, or interpretation of data: Konstantinos G. Seretis, Nikolaos Giannakopoulos,
Afroditi Antoniou , Andreas M. Lazaris

Drafting of the manuscript: Konstantinos G. Seretis, Nikolaos Giannakopoulos, Afroditi Antoniou

Critical review of the manuscript for important intellectual content: Konstantinos G. Seretis,
Theofanis Papas, Andreas M. Lazaris

Supervision: Andreas M. Lazaris

Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References

1. ALBJ, BE RG, PA RM: Anatomical studies of the circle of Willis in normal brain . AMA Arch Neurol
Psychiatry. 1959, 81:409-18. 10.1001/archneurpsyc.1959.02340160007002

2. Krabbe-Hartkamp MJ, van der Grond J, de Leeuw FE, et al.: Circle of Willis: morphologic variation on three-
dimensional time-of-flight MR angiograms. Radiology. 1998, 207:103-11. 10.1148/radiology.207.1.9530305

3. Caldemeyer KS, Carrico JB, Mathews VP: The radiology and embryology of anomalous arteries of the head
and neck. AJR Am | Roentgenol. 1998, 170:197-203. 10.2214/ajr.170.1.9423652

4. Van Overbeeke JJ, Hillen B, Tulleken CA: A comparative study of the circle of Willis in fetal and adult life.
The configuration of the posterior bifurcation of the posterior communicating artery. ] Anat. 1991, 176:45-
54.

5. Good DC: Clinical Methods: The History, Physical, and Laboratory Examinations Butterworths . Cere Dis.
Walker HK (ed): 1990; https://pubmed.ncbi.nlm.nih.gov/21250045/:

6. Pessin MS, Lathi ES, Cohen MB, Kwan ES, Hedges TR 3rd, Caplan LR: Clinical features and mechanism of
occipital infarction. Ann Neurol. 1987, 21:290-9. 10.1002/ana.410210311

7. de Monyé C, Dippel DW, Siepman TA, Dijkshoorn ML, Tanghe HL, van der Lugt A: Is a fetal origin of the
posterior cerebral artery a risk factor for TIA or ischemic stroke? A study with 16-multidetector-row CT
angiography. ] Neurol. 2008, 255:239-45. 10.1007/s00415-008-0699-8

8. YangJH, Choi HY, Nam HS, Kim SH, Han SW, Heo JH: Mechanism of Infarction Involving Ipsilateral Carotid
and Posterior Cerebral Artery Territories. 2007. 10.1159/000108435

9. van Raamt AF, Mali WP, van Laar PJ, van der Graaf Y: The fetal variant of the circle of Willis and its
influence on the cerebral collateral circulation. 2006. 10.1159/000094007

2023 Seretis et al. Cureus 15(12): €50467. DOI 10.7759/cureus.50467 6 0of 6


https://dx.doi.org/10.1001/archneurpsyc.1959.02340160007002
https://dx.doi.org/10.1001/archneurpsyc.1959.02340160007002
https://dx.doi.org/10.1148/radiology.207.1.9530305
https://dx.doi.org/10.1148/radiology.207.1.9530305
https://dx.doi.org/10.2214/ajr.170.1.9423632
https://dx.doi.org/10.2214/ajr.170.1.9423632
https://pubmed.ncbi.nlm.nih.gov/1917674/
https://pubmed.ncbi.nlm.nih.gov/21250045/
https://dx.doi.org/10.1002/ana.410210311
https://dx.doi.org/10.1002/ana.410210311
https://dx.doi.org/10.1007/s00415-008-0699-8
https://dx.doi.org/10.1007/s00415-008-0699-8
https://dx.doi.org/10.1159/000108435
https://dx.doi.org/10.1159/000108435
https://dx.doi.org/10.1159/000094007
https://dx.doi.org/10.1159/000094007

	Two-Territory Stroke as a Result of Internal Carotid Artery Stenosis and Fetal Posterior Cerebral Artery: A Didactic Paradigm
	Abstract
	Introduction
	Case Presentation
	FIGURE 1: CT scan showing a hypodense region on the right parietal-temporal-occipital region.
	FIGURE 2: Cerebral MRI showing ischemic infarction in the region of the right occipital lobe, the cognate temporal lobe, the corporis callosi, and the ventral thalamus.
	FIGURE 3: Cerebral MRA reveals the fetal type of both posterior cerebral arteries.
	FIGURE 4: Cerebral MRA, showing a 50%-60% focal stenosis in the region of the right internal carotid bifurcation.

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


