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Circle of Willis and Its Anatomical Relevance

Ian Caldeira Ruppen1*, Jamile Diogo de Araujo2, Leandro Hideki Otani2, Vitor Augusto Olivari do 
Carmo1, Isabela Matias Cian1, Gabriel Botequia Zanatta1, Yasmin Cavatorta Jannani1, Felicia Satie 

Ibuki Otani2, Gabriel Petermann3, Alana Reigota da Costa Rosa1, Geórgia Verona Cruz2, Lara Beatriz 
Dallaqua Bitiati1, Larissa da Rosa Piccoli1, Valentina Verona Cruz3, Maria Eduarda Pettenuci Torres1, 

Marcela Castrequini Guimarães do Vale1 and Rafaela Castrequini Guimarães do Vale1

1Centro Universitário Ingá – Uningá, Maringá, Paraná, Brazil.
2Instituto Maringá de Imagem, Maringá, Paraná, Brazil.
3Faculdade Cesumar - Unicesumar Maringá, Paraná, Brazil.
4Universidade Anhanguera Uniderp, Brazil.

Citation: Ian Caldeira R, Jamile Diogo de Araujo, Leandro Hideki O, et al. Circle of Willis and Its Anatomical Relevance. J Med - Clin 
Res & Rev. 2024; 8(10): 1-3.

*Correspondence:
Ian Caldeira Ruppen, Centro Universitário Ingá – Uningá, 
Maringá, Paraná, Brazil.

Received: 11 Aug 2024; Accepted: 22 Sep 2024; Published: 01 Oct 2024

Review Article

ABSTRACT
The Circle of Willis is an arterial network located at the base of the brain, formed by the interconnection of the 
anterior, middle, and posterior cerebral arteries, along with the anterior and posterior communicating arteries. 
It connects the internal carotid arteries to the vertebral arteries, allowing the distribution of cerebral blood flow. 
Its significance lies in its ability to offer an alternative pathway in cases of arterial obstruction, helping to prevent 
cerebral ischemia. However, anatomical variations of this structure are common, and only 20% to 25% of the 
population has a "complete" or symmetrical configuration. Such variations can influence the risk of cerebrovascular 
diseases, such as stroke, as they may compromise the efficiency of the compensatory mechanism. These anatomical 
variations have a direct impact on the diagnosis and treatment of neurological conditions. The integrity of the 
Circle of Willis can influence the severity of symptoms in cases of ischemic strokes, as well as affect aneurysm 
formation and its clinical implications. Advances in imaging techniques, such as CT angiography and magnetic 
resonance imaging, have enabled more accurate diagnoses and the development of more effective treatments for 
conditions associated with the Circle of Willis, making its anatomical understanding essential for the prevention 
and management of cerebrovascular diseases.
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Introduction
The Circle of Willis is an arterial network located at the base of 
the brain, formed by the interconnection of the anterior, middle, 
and posterior cerebral arteries, as well as the anterior and posterior 
communicating arteries. It connects the internal carotid arteries 
to the vertebral arteries, forming an arterial circuit that helps 
distribute blood flow to the brain. The anatomical significance of 
the Circle of Willis lies in its ability to provide a collateral route for 

cerebral blood flow in cases of arterial occlusion, reducing the risk 
of cerebral ischemia. Anatomical variations are common and may 
influence the efficiency of this compensatory mechanism, playing 
an important role in cerebrovascular diseases such as stroke. 
Understanding the anatomy and function of the Circle of Willis 
is crucial for diagnosing and treating various neurological and 
vascular conditions, including stroke and aneurysms. The ideal 
anatomical configuration of the Circle of Willis consists of anterior 
and posterior communicating arteries, connecting the internal 
carotid arteries to the anterior, middle, and posterior cerebral 
arteries. This architecture allows redundant blood supply to the 
brain, which becomes critical in the event of arterial obstruction. 
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However, studies indicate that only 20% to 25% of the population 
has a "complete" or symmetrical Circle of Willis.

Objectives
This review aims to explore the anatomical relevance of the Circle 
of Willis, discussing its anatomical variation, functions, and the 
clinical implications of its characteristics.

Materials and Methods
A literature review of articles published in the PUBMED, 
ScienceDirect, and Scielo databases was conducted to support the 
study.

Discussion
Anatomy and Variability
The Circle of Willis is composed of the anterior and middle 
cerebral arteries, connected by the anterior and posterior 
communicating arteries. Its primary function is to ensure adequate 
cerebral perfusion, even in the presence of obstructions in the main 
arteries. Studies show that the configuration of the Circle of Willis 
can vary significantly among individuals. Approximately 25% of 
the population has an incomplete or varied configuration, which 
can influence the effectiveness of its compensatory function.

Importance in Cerebral Circulation
The importance of the Circle of Willis lies in its ability to provide 
an alternative route for cerebral blood flow in cases of insufficiency 
or blockage in one of the main arteries. Research indicates that a 
complete configuration of the Circle of Willis can help reduce the 
severity of symptoms in patients with ischemic stroke by providing 
a crucial compensatory mechanism that can prevent or minimize 
brain damage.

Clinical Implications
The anatomical variation of the Circle of Willis has significant 
implications for the diagnosis and treatment of cerebrovascular 
diseases. In patients with aneurysms, the anatomical configuration 
may affect the location and dynamics of aneurysms, influencing 
treatment options and associated risks. Additionally, in cases 
of subarachnoid hemorrhage, the presence of an incomplete 
configuration can complicate clinical management, making a 
detailed understanding of the anatomy an essential component of 
treatment planning.

Advances in Imaging and Diagnosis
The development of advanced imaging techniques, such as 
computed tomography angiography (CTA) and contrast-enhanced 
magnetic resonance imaging, has significantly improved the 
ability to visualize the Circle of Willis and assess its anatomical 
variants. These advances have enabled more accurate diagnoses 
and the development of more effective treatment strategies tailored 
to the individual characteristics of the Circle of Willis.

The current literature demonstrates that the Circle of Willis 
presents highly variable anatomy among individuals. Anatomical 

studies, such as those by Zaninovich et al. [1], indicate that less 
than 50% of people have a configuration considered "complete," 
that is, with all the arteries that make up the Circle of Willis fully 
formed. Anatomical variations include the absence or hypoplasia 
of one of the communicating arteries, which can significantly 
affect the ability to redistribute blood flow in cases of occlusion. 
Studies like Hartkamp et al. [2] suggest that an incomplete or 
asymmetric Circle of Willis is associated with a higher incidence 
of ischemic strokes. In this context, anatomical variations can be 
important predisposing factors. On the other hand, studies such as 
those by Krzyżewski et al. [3] indicate that, even in individuals 
with variations, the arterial network can play an effective role 
in providing collateral blood supply, depending on the specific 
clinical conditions and the pattern of arterial occlusion. The clinical 
relevance of the Circle of Willis also extends to preoperative 
assessment in brain surgeries and endarterectomies, where the 
integrity of the Circle may influence the choice of procedure or the 
use of complementary techniques to monitor cerebral perfusion. 
A detailed understanding of the anatomy of this arterial circuit is 
essential for preventing intraoperative ischemic complications. 

Figure 1: Polygon of Willis; actual size. (Sources: International Journal 
of Morphology art 28(3):957-961 Sept. 2010)
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Figure 2: Polygon of Willis - superior view. (Source: NETTER Frank H. 

Atlas of Human Anatomy. 2nd ed. Porto Alegre: Artmed 2000). 

Figure 3: Injection in the left vertebral artery, with retrograde flow in 
the contralateral vertebral artery, the basilar artery and the posterior 
communicating artery. The posterior cerebral circulation can be seen, 
including the posterior part of the arterial circle of Willis

Conclusion
The Circle of Willis plays a vital role in maintaining cerebral 
perfusion, offering a support network that can mitigate the effects 
of arterial obstructions. The anatomical variability of this structure 
can significantly influence its effectiveness and has important 

clinical implications for the management of cerebrovascular 
diseases. However, the presence of anatomical variations, such 
as hypoplasia or absence of arterial branches, can negatively 
impact its function, increasing the risk of ischemic events and the 
development of aneurysms. A detailed study of this anatomical 
structure remains essential for understanding cerebrovascular 
diseases, with significant implications for the assessment and 
management of patients at risk of stroke and other related 
conditions. A detailed understanding of the anatomy of the Circle of 
Willis and the use of advanced imaging technologies are essential 
for accurate diagnosis and effective treatment of associated 
neurological conditions. Future studies and technological advances 
will continue to enhance our knowledge and ability to treat these 
conditions more effectively.
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