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Abstract: Cerebral blood supply plays a vital role in maintaining normal brain metabolism,
neuronal activity, and neurological function. The brain receives arterial blood mainly through the
internal carotid and vertebrobasilar systems, which are connected by the circle of Willis.
Anatomical variations in cerebral vessels are common and may influence cerebral hemodynamics,
collateral circulation, and susceptibility to cerebrovascular diseases. The aim of this article is to
analyze the anatomical features of cerebral blood supply and compare the most common vascular
variations. The findings show that variations such as hypoplasia or absence of communicating
arteries, asymmetry of vertebral arteries, fetal-type posterior cerebral artery, and arterial branching
differences may have important clinical significance. Understanding cerebral vascular anatomy
and its variations is essential for neurology, neurosurgery, radiology, and stroke prevention.
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Introduction

The brain is one of the most metabolically active organs in the human body and requires
continuous blood supply to maintain its normal function. Although it represents only a small
percentage of total body weight, the brain consumes a large amount of oxygen and glucose.
Therefore, any disturbance in cerebral circulation may lead to serious neurological complications,
including ischemia, stroke, cognitive impairment, and neurological deficit.

Cerebral blood supply is provided mainly by two arterial systems: the internal carotid system
and the vertebrobasilar system. The internal carotid arteries supply the anterior and middle parts of
the brain, while the vertebral arteries and basilar artery supply the posterior regions, including the
brainstem, cerebellum, and occipital lobes. These systems are connected at the base of the brain by
the circle of Willis, which plays an important role in collateral blood circulation.

The circle of Willis is a vascular arterial ring formed by the anterior cerebral arteries,
anterior communicating artery, internal carotid arteries, posterior communicating arteries, and
posterior cerebral arteries. Ideally, this structure allows redistribution of blood flow when one
arterial pathway is narrowed or occluded. However, anatomical variations of the circle of Willis
are very common and may reduce its compensatory capacity.

Vascular variations may include hypoplasia, aplasia, duplication, fenestration, asymmetry,
and abnormal branching of cerebral arteries. These variations are often asymptomatic but may
become clinically significant in cases of vascular occlusion, aneurysm formation, neurosurgical
procedures, and endovascular interventions.

Thus, comparative anatomical analysis of cerebral blood supply and vascular variations is
important for understanding normal and variant cerebral circulation. Such knowledge helps
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clinicians interpret neuroimaging findings, plan surgical approaches, and assess risks of
cerebrovascular diseases.

Aim of the Study

The aim of this article is to analyze the anatomical organization of cerebral blood supply and
compare common vascular variations of cerebral arteries with their clinical significance.

Materials and Methods

This study was prepared based on an analytical review of anatomical, neurological,
radiological, and neurosurgical literature related to cerebral circulation. Scientific publications,
anatomical atlases, radiological studies, and clinical reports on cerebral vascular anatomy and
variations were analyzed.

The study focused on the structure of the internal carotid system, vertebrobasilar system,
circle of Willis, and their anatomical variations. Special attention was given to variations of the
anterior communicating artery, posterior communicating artery, anterior cerebral artery, posterior
cerebral artery, vertebral artery, and basilar artery.

Descriptive and comparative anatomical methods were used to identify the main types of
vascular variations and evaluate their functional and clinical significance.

Results

The analysis showed that cerebral blood supply has a complex anatomical organization and
demonstrates frequent individual variations. The internal carotid artery gives rise to the anterior
cerebral artery and middle cerebral artery, which supply large parts of the cerebral hemispheres.
The vertebral arteries join to form the basilar artery, which gives branches to the brainstem,
cerebellum, and posterior cerebral regions.

The circle of Willis was found to be highly variable. A complete and symmetrical circle is
present only in a portion of individuals. The most common variations include hypoplasia or
absence of the posterior communicating artery, hypoplasia of the anterior communicating artery,
asymmetry of the anterior cerebral arteries, and fetal-type origin of the posterior cerebral artery.

Posterior communicating artery hypoplasia may reduce collateral blood flow between the
anterior and posterior circulation. This may increase the risk of ischemic damage when arterial
stenosis or occlusion occurs. Fetal-type posterior cerebral artery is another important variation in
which the posterior cerebral artery receives most of its blood supply from the internal carotid
artery instead of the basilar artery.

Vertebral artery asymmetry was also frequently observed. In many individuals, one vertebral
artery is dominant, while the other is smaller. Severe hypoplasia of the vertebral artery may affect
posterior circulation and increase susceptibility to dizziness, vertebrobasilar insufficiency, or
posterior circulation ischemia.

Branching variations of the middle cerebral artery and anterior cerebral artery may influence
the distribution of cerebral blood flow. These variations are especially important during
neurosurgical and endovascular procedures.

Discussion

217




IFSMRC AFRICAN INTERNATIONAL JOURNAL OF RESEARCH IN MANAGEMENT (AIJRM)
ETHIOPIA

ISSN:2308-1341,Impact factor: 14.77 Volume 14,Issue 05,2026 IPUIEILISIRTEIR

Journal: https://ifsmrc.org/index.php/aijrm

The findings confirm that cerebral vascular anatomy is highly variable and that these
variations may have important clinical consequences. Although many vascular variations do not
cause symptoms in healthy individuals, they may become significant under pathological conditions.

The circle of Willis is considered the main collateral pathway of the brain. However,
incomplete development of its components may reduce its protective function. In patients with
carotid artery stenosis, a well-developed circle of Willis may help maintain cerebral perfusion,
while an incomplete circle may increase ischemic risk.

Posterior communicating artery variations are particularly important because they influence
the connection between anterior and posterior cerebral circulation. Hypoplasia or absence of this
artery may limit compensatory blood flow during occlusion of major arteries.

Fetal-type posterior cerebral artery has clinical importance because ischemic lesions in the
posterior cerebral territory may occur due to internal carotid artery pathology. This variation
should be considered during interpretation of angiographic and MRI findings.

Vertebral artery dominance and hypoplasia are also relevant in posterior circulation disorders.
Patients with vertebral artery hypoplasia may have reduced blood flow reserve, especially when
additional vascular risk factors are present.

Knowledge of cerebral vascular variations is essential for neurosurgeons and interventional
radiologists. During aneurysm clipping, tumor surgery, vascular bypass, or endovascular treatment,
unrecognized arterial variations may increase procedural risks.

Therefore, modern imaging methods such as computed tomography angiography, magnetic
resonance angiography, and digital subtraction angiography are important for identifying vascular
variations before surgical or endovascular interventions.

Conclusion

Cerebral blood supply is provided by the internal carotid and vertebrobasilar arterial systems,
which are connected through the circle of Willis. This vascular network plays an essential role in
maintaining brain perfusion and collateral circulation.

Anatomical variations of cerebral arteries are common and may include hypoplasia, absence,
asymmetry, duplication, fenestration, and abnormal branching. Although many of these variations
are clinically silent, they may influence cerebral hemodynamics and increase the risk of ischemic
stroke, aneurysm formation, and complications during neurosurgical procedures.

Comparative anatomical analysis of cerebral blood supply and vascular variations is
important for clinical anatomy, neurology, neurosurgery, and radiology. Accurate knowledge of
these variations improves diagnostic interpretation, supports surgical planning, and contributes to
prevention and management of cerebrovascular diseases.
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