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Abstract
Willis' circle, also known as the circle of Willis, is a crucial anatomical structure located at the base of the brain that facilitates the distribution of 
blood flow to the cerebral hemispheres. This vascular circle comprises interconnected arteries, including the Anterior Cerebral Arteries (ACAs), 
Middle Cerebral Arteries (MCAs), Posterior Cerebral Arteries (PCAs) and connecting vessels such as the Anterior Communicating Artery (ACoA) 
and Posterior Communicating Arteries (PCoAs). Aneurysms, abnormal dilations of blood vessels, can develop at various locations along Willis' 
circle, with Middle Cerebral Artery (MCA) aneurysms being one of the most common types. In this review, we explore the geometric anatomy 
of Willis' circle, focusing on the intricate relationships between its constituent arteries and the predisposition to MCA aneurysm formation. We 
discuss the clinical significance of MCA aneurysms, including their presentation, risk factors, diagnostic evaluation and management strategies. 
Furthermore, we examine the role of advanced imaging modalities and surgical techniques in the treatment of MCA aneurysms, highlighting the importance 
of individualized patient care and multidisciplinary collaboration in optimizing outcomes for patients with this challenging vascular pathology.
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Introduction
Willis' circle, named after the seventeenth-century English physician Thomas 
Willis, is a vital anatomical structure located at the base of the brain that serves 
as an arterial anastomosis facilitating blood flow to the cerebral hemispheres. 
This vascular circle consists of interconnected arteries that form a ring-like 
structure around the optic chiasm and pituitary gland, providing redundant 
pathways for blood supply to the brain and ensuring adequate perfusion in 
the event of arterial occlusion or stenosis. The key arteries comprising Willis' 
circle include the Anterior Cerebral Arteries (ACAs), which supply blood to 
the medial aspects of the cerebral hemispheres; the Middle Cerebral Arteries 
(MCAs), which provide blood to the lateral aspects of the cerebral hemispheres, 
including the frontal, parietal and temporal lobes; and the Posterior Cerebral 
Arteries (PCAs), which supply blood to the occipital lobes and inferior aspects 
of the temporal lobes. These arteries are interconnected by communicating 
vessels, including the Anterior Communicating Artery (ACoA) and Posterior 
Communicating Arteries (PCoAs), which help maintain collateral circulation 
and regulate cerebral blood flow. Despite its anatomical complexity and 
redundancy, Willis' circle is susceptible to pathological conditions such as 
cerebral aneurysms, abnormal dilations of blood vessels that pose a risk of 
rupture and hemorrhage. Middle Cerebral Artery (MCA) aneurysms are among 
the most common types of intracranial aneurysms and can develop at various 
locations along the course of the MCA, including the MCA bifurcation, M1 
segment and M2 segments [1].

In this review, we will explore the geometric anatomy of Willis' circle and its 
relationship to the development of MCA aneurysms. We will discuss the clinical 
significance of MCA aneurysms, including their presentation, risk factors, 

diagnostic evaluation and management strategies. Furthermore, we will 
examine the role of advanced imaging modalities such as Magnetic Resonance 
Angiography (MRA), Computed Tomography Angiography (CTA) and Digital 
Subtraction Angiography (DSA) in the detection and characterization of MCA 
aneurysms. Additionally, we will review surgical techniques for the treatment 
of MCA aneurysms, including microsurgical clipping and endovascular coiling, 
highlighting the importance of individualized patient care and multidisciplinary 
collaboration in optimizing outcomes for patients with this challenging vascular 
pathology [2].

Literature Review
The literature on Willis' circle geometry and Middle Cerebral Artery (MCA) 
aneurysms encompasses a wealth of anatomical, clinical and surgical studies 
aimed at understanding the intricate vascular anatomy and pathology of this 
region. Anatomical studies have provided detailed insights into the geometric 
configuration of Willis' circle, highlighting variations in the size, shape and 
branching patterns of its constituent arteries. Variability in the anatomy of the 
circle of Willis, including the presence of fetal-type variants and asymmetries 
in arterial diameters, may predispose individuals to the development of 
intracranial aneurysms, including those involving the MCA. Clinical studies 
have elucidated the epidemiology, presentation and natural history of 
MCA aneurysms, which account for a significant proportion of intracranial 
aneurysms and are associated with a risk of rupture and hemorrhagic stroke. 
Risk factors for MCA aneurysm formation include hypertension, smoking, 
family history of intracranial aneurysms and genetic predisposition. 
Diagnostic imaging modalities such as Magnetic Resonance Angiography 
(MRA), Computed Tomography Angiography (CTA) and Digital Subtraction 
Angiography (DSA) play a crucial role in the detection and characterization of 
MCA aneurysms. These techniques allow for the visualization of aneurysm 
morphology, location, size and relationship to adjacent vascular structures, 
guiding treatment planning and prognostication. Surgical treatment options 
for MCA aneurysms include microsurgical clipping and endovascular 
coiling, each with its advantages and limitations. Microsurgical clipping 
involves the placement of a metallic clip across the neck of the aneurysm 
to exclude it from the circulation, while endovascular coiling involves the 
insertion of detachable coils into the aneurysm sac to promote thrombosis 
and occlusion [3,4].
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Discussion
The discussion of Willis' circle geometry and MCA aneurysms encompasses 
several key points, including the significance of anatomical variations in the 
circle of Willis, the pathophysiology of MCA aneurysm formation, diagnostic 
challenges and considerations and treatment strategies for MCA aneurysms. 
Anatomical variations in Willis' circle, such as incomplete or absent segments, 
fetal-type variants and asymmetries in arterial diameters, may influence 
hemodynamic conditions and predispose individuals to the development of 
MCA aneurysms. Understanding the geometric configuration of Willis' circle 
is crucial for surgical planning and risk stratification in patients with MCA 
aneurysms. The pathophysiology of MCA aneurysm formation involves a 
complex interplay of hemodynamic factors, vascular wall integrity and genetic 
predisposition. Hemodynamic stress at arterial bifurcations and curvature 
regions may lead to endothelial injury and remodeling, predisposing to aneurysm 
formation and growth over time. Diagnostic challenges in the evaluation of 
MCA aneurysms include distinguishing between true aneurysms and other 
vascular anomalies, such as arterial fenestrations and duplication, as well as 
assessing the risk of rupture and hemorrhage based on aneurysm morphology 
and size. Advanced imaging techniques such as high-resolution MRA and CTA 
provide detailed anatomical information and help guide treatment decisions. 
Treatment strategies for MCA aneurysms should be individualized based on 
patient-specific factors, including aneurysm size, location, morphology and the 
presence of comorbidities. Microsurgical clipping and endovascular coiling are 
both effective treatment options, with the choice depending on the patient's 
clinical presentation, surgical risk and anatomical considerations [5,6].

Conclusion
In conclusion, Willis' circle geometry and middle cerebral artery aneurysms 
represent an important area of study in neurovascular anatomy and 
pathology. An understanding of the anatomical variations in Willis' circle and 
the pathophysiology of MCA aneurysm formation is essential for accurate 
diagnosis and optimal treatment planning in patients with intracranial 
aneurysms. Advanced imaging modalities and surgical techniques continue 
to evolve, offering new insights into the management of MCA aneurysms and 
improving outcomes for affected individuals.

How to cite this article: Manners, Monaliss. “Willis' Circle Geometry and Middle 
Cerebral Artery Aneurysms.” J Clin Neurol Neurosurg 7 (2024): 229.

Acknowledgement 
None.

Conflict of Interest
None.

References
1. Rinkel, Gabriel JE. "Intracranial aneurysm screening: Indications and advice for 

practice." Lancet Neurol 4 (2005): 122-128.

2. Wermer, M. J. H., I. C. Van der Schaaf, B. K. Velthuis and A. Algra, et al. "Follow-up 
screening after subarachnoid haemorrhage: Frequency and determinants of new 
aneurysms and enlargement of existing aneurysms." Brain 128 (2005): 2421-2429.

3. Bor, A. Stijntje E., Birgitta K. Velthuis, Charles B. Majoie and Gabriel JE Rinkel. 
"Configuration of intracranial arteries and development of aneurysms: A follow-up 
study." Neurology 70 (2008): 700-705.

4. Ayre, James R., Peter J. Bazira, Mohammed Abumattar and Haran N. Makwana, et 
al. "A new classification system for the anatomical variations of the human circle of 
Willis: A systematic review." J Anat 240 (2022): 1187-1204.

5. Horikoshi, Toru, Iwao Akiyama, Zentaro Yamagata and Masao Sugita, et al. 
"Magnetic resonance angiographic evidence of sex-linked variations in the circle of 
Willis and the occurrence of cerebral aneurysms." J Neurosurg 96 (2002): 697-703.

6. Ingebrigtsen, Tor, Michael K. Morgan, Ken Faulder and Linda Ingebrigtsen, et al. 
"Bifurcation geometry and the presence of cerebral artery aneurysms." J Neurosurg 
101 (2004): 108-113.

https://www.thelancet.com/journals/laneur/article/PIIS1474-4422(05)00993-2/fulltext
https://www.thelancet.com/journals/laneur/article/PIIS1474-4422(05)00993-2/fulltext
https://academic.oup.com/brain/article-abstract/128/10/2421/274661
https://academic.oup.com/brain/article-abstract/128/10/2421/274661
https://academic.oup.com/brain/article-abstract/128/10/2421/274661
https://www.neurology.org/doi/abs/10.1212/01.wnl.0000302176.03551.35
https://www.neurology.org/doi/abs/10.1212/01.wnl.0000302176.03551.35
https://onlinelibrary.wiley.com/doi/abs/10.1111/joa.13616
https://onlinelibrary.wiley.com/doi/abs/10.1111/joa.13616
https://thejns.org/view/journals/j-neurosurg/96/4/article-p697.xml
https://thejns.org/view/journals/j-neurosurg/96/4/article-p697.xml
https://thejns.org/view/journals/j-neurosurg/101/1/article-p108.xml

