
JOURNALOF
MULTIDISCIPLINARY

SCIENCES AND INNOVATIONS
ISSN NUMBER: 2751-4390

IMPACT FACTOR: 9,08

https://ijmri.de/index.php/jmsi COMPANY: GERMAN INTERNATIONAL JOURNALS

376

ANATOMICAL BASIS OF CEREBRAL CIRCULATION AND MECHANISMS OF
STROKE DEVELOPMENT

Ashuralieva Gulhumor Kahhorovna

,,Anatomy and clinical anatomy”

Andijan State Medical Institute , Uzbekistan

Abstract

Cerebral circulation plays a fundamental role in maintaining normal brain function by
ensuring a continuous supply of oxygen and nutrients. Disruptions in cerebral blood flow lead to
severe neurological consequences, among which stroke remains one of the leading causes of
mortality and disability worldwide. This article aims to analyze the anatomical structure of
cerebral circulation and its clinical significance in the development of stroke. The study is based
on a comprehensive review of anatomical, physiological, and clinical literature. Particular
attention is given to the arterial supply of the brain, the circle of Willis, and venous drainage, as
well as the mechanisms underlying ischemic and hemorrhagic stroke. The findings indicate that
anatomical variations and vascular pathologies significantly influence stroke risk and
progression. Understanding these relationships is essential for early diagnosis, prevention, and
effective treatment strategies.
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Introduction

The human brain is one of the most metabolically active organs in the body, requiring a
continuous and well-regulated supply of oxygen and glucose to maintain its complex functions.
Despite representing only approximately 2% of total body mass, the brain consumes nearly 20%
of the body's oxygen and about 25% of its glucose, reflecting its high metabolic demands (1).
This dependence on uninterrupted blood flow makes the brain extremely vulnerable to even
short-term disturbances in cerebral circulation.

Cerebral circulation is a highly specialized vascular system designed to ensure adequate
perfusion under varying physiological conditions. It includes a complex network of arteries,
capillaries, and veins that work together to maintain homeostasis within the central nervous
system. The arterial supply of the brain is primarily derived from two major systems: the internal
carotid arteries and the vertebrobasilar system. These systems are interconnected through the
circle of Willis, an anatomical structure that provides collateral circulation and plays a crucial
role in compensating for reduced blood flow in certain regions of the brain (2).

The regulation of cerebral blood flow is tightly controlled through autoregulatory
mechanisms that maintain constant perfusion despite fluctuations in systemic blood pressure.
These mechanisms involve neural, chemical, and myogenic factors that adjust vascular resistance
according to the metabolic needs of brain tissue. However, when these regulatory processes fail
or are overwhelmed by pathological conditions, cerebral ischemia or hemorrhage may occur,
leading to severe neurological deficits (3).
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Stroke represents one of the most significant clinical manifestations of impaired cerebral
circulation. It is broadly classified into two major types: ischemic stroke, which accounts for
approximately 80–85% of cases, and hemorrhagic stroke, which comprises the remaining 15–
20% (4). Ischemic stroke typically results from occlusion of cerebral arteries due to thrombosis
or embolism, whereas hemorrhagic stroke is caused by rupture of blood vessels, leading to
bleeding within the brain parenchyma or surrounding spaces.

From a clinical perspective, stroke remains a leading cause of mortality and long-term
disability worldwide. According to recent epidemiological data, millions of people are affected
by stroke each year, with a substantial proportion experiencing permanent neurological
impairments (5). The burden of stroke is particularly high in developing countries, where risk
factors such as hypertension, diabetes mellitus, and atherosclerosis are increasingly prevalent.

Anatomical features of cerebral circulation play a decisive role in determining the
susceptibility, localization, and severity of stroke. Variations in the structure of the circle of
Willis, differences in arterial branching patterns, and the presence of vascular anomalies such as
aneurysms or arteriovenous malformations can significantly influence the clinical course of
cerebrovascular diseases (6). For instance, individuals with incomplete or asymmetrical
configurations of the circle of Willis may have reduced collateral capacity, making them more
vulnerable to ischemic events.

Furthermore, advances in neuroimaging and vascular diagnostics have enhanced our
understanding of the relationship between cerebral anatomy and stroke mechanisms. Techniques
such as computed tomography (CT), magnetic resonance imaging (MRI), and angiography allow
for detailed visualization of cerebral vessels and help identify structural abnormalities that may
predispose individuals to stroke (7). These developments have also contributed to improved early
diagnosis and targeted therapeutic interventions.

In addition to anatomical considerations, the pathophysiology of stroke involves complex
biochemical and cellular processes. In ischemic stroke, reduced blood flow leads to energy
failure, disruption of ion homeostasis, excitotoxicity, and ultimately neuronal death. In
hemorrhagic stroke, the accumulation of blood within brain tissue causes mechanical
compression, inflammation, and secondary injury to surrounding neurons (8). These mechanisms
highlight the intricate interplay between vascular anatomy and pathological processes.

Given the increasing global burden of stroke and its profound impact on public health, there
is a growing need for a deeper understanding of the anatomical and physiological foundations of
cerebral circulation. Such knowledge is essential not only for clinicians but also for researchers
seeking to develop innovative approaches for prevention, diagnosis, and treatment.

Therefore, the aim of this study is to provide a comprehensive analysis of the anatomical
basis of cerebral circulation and to examine its role in the development and progression of stroke.
By integrating anatomical, physiological, and clinical perspectives, this research seeks to
contribute to a more detailed understanding of cerebrovascular pathology and its implications for
modern medical practice.

Materials and Methods
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This study was conducted using a comprehensive qualitative and analytical approach based
on the systematic review of scientific literature related to the anatomical basis of cerebral
circulation and the mechanisms of stroke development. The research design did not involve
experimental or clinical interventions but relied on secondary data obtained from authoritative
academic and clinical sources.

A wide range of materials was used, including textbooks on human anatomy, neuroanatomy,
and physiology, as well as peer-reviewed journal articles focusing on neurology, vascular
biology, and stroke pathophysiology. Sources were selected from internationally recognized
databases such as PubMed, Google Scholar, and Scopus-indexed journals, along with regional
scientific publications and educational manuals published in Uzbekistan. The inclusion of both
international and local literature allowed for a more comprehensive and contextually relevant
analysis.

The selection criteria for sources included relevance to the topic, scientific reliability, and
publication date, with a preference for studies published between 2010 and 2024 to ensure up-to-
date information. Foundational classical works in anatomy were also included where necessary
to provide a theoretical basis for the study. Articles focusing specifically on cerebral arterial
anatomy, the circle of Willis, cerebral hemodynamics, and stroke mechanisms were prioritized.

The methodological framework consisted of several stages. In the first stage, anatomical
data related to cerebral circulation were collected and systematized. This included detailed
descriptions of the internal carotid artery system, vertebrobasilar system, and their branches, as
well as the structural organization and variations of the circle of Willis. Special attention was
given to the distribution of blood flow within different regions of the brain and the functional
significance of collateral circulation.

In the second stage, data related to the physiological regulation of cerebral blood flow were
analyzed. This involved examining autoregulatory mechanisms, including myogenic, metabolic,
and neurogenic factors that maintain stable cerebral perfusion under varying systemic conditions.
The interaction between vascular structure and functional regulation was considered essential for
understanding normal and pathological states.

The third stage focused on the pathophysiological mechanisms of stroke. Information on
ischemic and hemorrhagic stroke was collected and compared, including factors such as vascular
occlusion, embolism, thrombosis, vessel rupture, and intracranial hemorrhage. Particular
emphasis was placed on identifying how anatomical features influence the onset, localization,
and severity of these processes.

A comparative analysis method was employed to evaluate differences between normal
cerebral circulation and pathological conditions associated with stroke. Data were synthesized to
identify patterns and correlations between anatomical variations and clinical outcomes. For
example, variations in the circle of Willis were analyzed in relation to their impact on collateral
blood flow and susceptibility to ischemic damage.

Additionally, descriptive and analytical methods were used to interpret findings from
previously published clinical studies and epidemiological reports. These methods helped to
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establish connections between structural abnormalities of cerebral vessels and the incidence of
stroke in different populations.

To enhance the clarity of the analysis, the results were organized into thematic categories,
including arterial anatomy, venous drainage, regulatory mechanisms, and stroke pathogenesis. A
tabular method was also applied to summarize key differences between ischemic and
hemorrhagic stroke, allowing for a clearer comparison of their underlying mechanisms.

Ethical considerations were maintained by ensuring that all information was obtained from
publicly available scientific sources and properly cited in accordance with academic standards.
No human or animal subjects were directly involved in this study.

Overall, the chosen methodological approach allowed for a comprehensive and integrative
analysis of the anatomical and clinical aspects of cerebral circulation. By combining data from
multiple disciplines, including anatomy, physiology, and clinical medicine, this study provides a
detailed understanding of the mechanisms underlying stroke development and highlights the
importance of anatomical knowledge in medical practice.

Results

The analysis of the collected data demonstrated that cerebral circulation is organized as a
highly structured and functionally integrated system, consisting of two principal arterial sources:
the anterior circulation, derived from the internal carotid arteries, and the posterior circulation,
supplied by the vertebral arteries. These two systems are interconnected through the circle of
Willis, which plays a central role in maintaining stable cerebral perfusion under both
physiological and pathological conditions (4).

The internal carotid arteries give rise to the anterior cerebral artery (ACA) and the middle
cerebral artery (MCA), which supply the frontal, parietal, and temporal lobes. Among these, the
middle cerebral artery is the most frequently affected vessel in ischemic stroke due to its
anatomical course and wide perfusion territory (5). The anterior cerebral artery supplies the
medial portions of the hemispheres, whereas the posterior cerebral artery (PCA), arising from the
basilar artery, is responsible for perfusing the occipital lobes and visual cortex.

The vertebral arteries unite to form the basilar artery, which supplies the brainstem and
cerebellum. These regions are responsible for vital functions such as respiration, balance, and
cardiovascular regulation. Damage to the posterior circulation often leads to severe neurological
deficits and high mortality rates.

The circle of Willis acts as an important collateral system, allowing redistribution of blood
flow in case of arterial obstruction. However, anatomical variations such as hypoplasia or
absence of communicating arteries reduce its effectiveness. It was observed that individuals with
incomplete circle of Willis configurations are more susceptible to ischemic stroke due to limited
collateral circulation (6).

Cerebral autoregulation maintains stable blood flow within a mean arterial pressure range of
approximately 60–150 mmHg. When this mechanism is impaired, either hypoperfusion or
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hyperperfusion may occur, contributing to vascular injury and increasing the likelihood of stroke
development (7).

The mechanisms of stroke were categorized into ischemic and hemorrhagic types. Ischemic
stroke was found to be the most common, resulting from vascular occlusion caused by
thrombosis or embolism. Hemorrhagic stroke, although less frequent, was associated with vessel
rupture and higher mortality rates. The clinical manifestations of stroke were strongly dependent
on the affected vascular territory and the extent of tissue damage (8).

Table 1. Comparison of Ischemic and Hemorrhagic Stroke Based on Anatomical and
Clinical Features

Criteria Ischemic Stroke Hemorrhagic Stroke

Primary mechanism Arterial occlusion
(thrombosis, embolism) Vessel rupture

Blood flow status Reduced or completely
blocked

Blood leakage into brain
tissue

Main anatomical
involvement

Large arteries (carotid,
MCA, ACA)

Small penetrating arteries,
aneurysms

Tissue effect Cerebral infarction Intracerebral or
subarachnoid hemorrhage

Onset Gradual or sudden Usually sudden and severe

Risk factors Atherosclerosis, diabetes,
hypertension

Hypertension, aneurysm,
vascular malformations

Clinical outcome Variable, often reversible
with early treatment

High mortality and severe
disability

The table clearly illustrates the differences in anatomical structures and pathological
mechanisms involved in the two major types of stroke. It highlights that ischemic stroke
primarily affects large arterial vessels, while hemorrhagic stroke is often associated with
structural weaknesses in smaller vessels or vascular anomalies.

Overall, the results confirm that cerebral vascular anatomy, combined with physiological
and pathological factors, plays a decisive role in determining the type, severity, and clinical
outcome of stroke.

Discussion

The findings of this study emphasize the fundamental role of cerebral vascular anatomy in
the development and clinical manifestation of stroke. The structural organization of cerebral
circulation, particularly the presence of dual arterial supply and the circle of Willis, serves as an
important protective mechanism against transient reductions in blood flow. However, the
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effectiveness of this system largely depends on its anatomical integrity and individual variability
(8).

One of the key observations is that anatomical variations in the circle of Willis significantly
influence the brain’s ability to compensate for arterial occlusion. In individuals with a complete
and well-developed circle of Willis, collateral circulation can partially or fully maintain
perfusion in affected regions, thereby reducing the severity of ischemic damage. Conversely,
incomplete or asymmetrical configurations limit this compensatory capacity, making the brain
more vulnerable to ischemia (6). This finding highlights the importance of anatomical
assessment in evaluating stroke risk.

Atherosclerosis remains a major contributing factor to ischemic stroke, particularly in large
arteries such as the internal carotid and middle cerebral arteries. The accumulation of lipid
plaques leads to progressive narrowing of the vascular lumen, ultimately resulting in reduced
blood flow or complete occlusion. In addition, plaque rupture may trigger thrombus formation,
further exacerbating vascular obstruction (9). These processes demonstrate how structural
changes in arterial walls directly affect cerebral perfusion.

The role of embolic mechanisms should also be considered in the context of anatomical
pathways. Emboli originating from the heart or major vessels can travel through the bloodstream
and lodge in cerebral arteries, most commonly in the middle cerebral artery due to its anatomical
alignment with the internal carotid artery. This explains the high incidence of MCA territory
infarctions observed in clinical practice (5).

Hemorrhagic stroke presents a different but equally significant pathophysiological
mechanism. Chronic hypertension contributes to degenerative changes in small penetrating
arteries, weakening their walls and increasing the risk of rupture. Additionally, congenital or
acquired vascular abnormalities such as aneurysms and arteriovenous malformations further
predispose individuals to intracranial hemorrhage. The anatomical location of the hemorrhage
plays a critical role in determining neurological deficits and overall prognosis (10).

Another important aspect revealed in this study is the role of cerebral autoregulation. Under
normal conditions, autoregulatory mechanisms maintain stable cerebral blood flow despite
fluctuations in systemic blood pressure. However, in pathological states such as chronic
hypertension or acute vascular injury, these mechanisms become impaired. As a result, the brain
becomes susceptible to both hypoperfusion and hyperperfusion, each of which can contribute to
vascular damage and stroke development (7).

From a clinical perspective, the relationship between vascular anatomy and functional
deficits is particularly significant. Different vascular territories are associated with specific
neurological syndromes. For example, lesions in the anterior circulation often result in motor and
cognitive impairments, while posterior circulation involvement may lead to visual disturbances,
coordination problems, and brainstem dysfunction. This anatomical-clinical correlation is
essential for accurate diagnosis and localization of stroke.

Furthermore, advances in neuroimaging techniques have enhanced the ability to identify
anatomical variations and vascular pathologies before the occurrence of stroke. Early detection
of conditions such as carotid artery stenosis or intracranial aneurysms allows for timely
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intervention and significantly improves patient outcomes. These developments underscore the
importance of integrating anatomical knowledge with modern diagnostic tools.

Overall, the discussion confirms that stroke is not solely a consequence of isolated
pathological events but rather the result of a complex interaction between anatomical structures,
physiological regulation, and systemic risk factors. A thorough understanding of these
relationships is crucial for developing effective prevention strategies and improving clinical
management of cerebrovascular diseases.

Conclusion

Cerebral circulation represents a highly complex and well-organized system that ensures the
continuous supply of oxygen and nutrients necessary for proper brain function. The anatomical
structure of this system, including the internal carotid and vertebrobasilar arteries, as well as the
circle of Willis, plays a crucial role in maintaining cerebral perfusion and protecting the brain
from ischemic damage.

The findings of this study demonstrate that anatomical variations and pathological
alterations in cerebral vessels significantly influence the development and progression of stroke.
In particular, incomplete configurations of the circle of Willis reduce the effectiveness of
collateral circulation, thereby increasing susceptibility to ischemic events. At the same time,
structural weaknesses in vascular walls, often associated with chronic hypertension or congenital
abnormalities, contribute to the occurrence of hemorrhagic stroke.

The study also highlights that stroke is a multifactorial condition resulting from the
interaction between anatomical, physiological, and systemic factors. Disruptions in cerebral
blood flow, whether due to arterial occlusion or vessel rupture, lead to severe neuronal damage
and long-term neurological deficits. Therefore, understanding the anatomical basis of cerebral
circulation is essential for identifying risk factors, predicting clinical outcomes, and improving
therapeutic strategies.

From a clinical standpoint, early diagnosis and prevention remain key priorities in reducing
the burden of stroke. The use of modern imaging techniques allows for the detection of vascular
abnormalities at an early stage, enabling timely intervention and improved patient prognosis. In
addition, effective management of modifiable risk factors such as hypertension, atherosclerosis,
and diabetes plays a critical role in preventing cerebrovascular events.

In conclusion, a comprehensive understanding of the anatomical and functional aspects of
cerebral circulation provides a solid foundation for advancing both clinical practice and scientific
research in the field of neurology. Future studies should focus on individualized assessment of
cerebral vascular anatomy and the development of targeted therapeutic approaches aimed at
minimizing the impact of stroke on global health.
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