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STUDY OF THE BRACHIOCEPHALIC ARTERIES

Saratov State University, Saratov, Russia

Abstract. The work is devoted to a comprehensive study of the arterial system of
the neck and head (brachiocephalic arteries), including the carotid arteries, the
basilar artery, and the vessels of the Circle of Willis. A methodology is proposed for
assessing the risks of atherosclerotic plaque rupture and the formation of aneurysms
in the vessels of the Circle of Willis based on biomechanical modeling in cases of
combined pathology of the neck and head arterial system. This includes carotid
artery atherosclerosis, aplasia of segments of the Circle of Willis, and subclavian
steal syndrome. In addition to a comprehensive assessment of the patient’s condition
based on available data on arterial pathologies, in cases with an increased risk
of plaque rupture, the methodology includes a stage of 67"89:;<=>" (refined)
calculation in a two-dimensional formulation, allowing for a more accurate risk
assessment and adjustment of the results. A method for semi-automatic creation of
geometric models based on data from medical diagnostic equipment is proposed. A
concept is also presented and a mobile testing stand is developed for uniaxial tensile
and compressive testing. The stand was used to study the mechanical characteristics
of arterial walls (both healthy and pathologically altered), as well as atherosclerotic
plaques and their fibrous caps. Boundary conditions were verified using the testing
stand developed by the author to simulate fluid flow through a system of branching
vessels. Based on numerical modeling, the risks of aneurysm formation in the vessels
of the Circle of Willis and rupture of atherosclerotic plaques were assessed. The
results of the development of theoretical foundations and practical implementation
methods for a decision support system in cases of combined pathology of the vascular
segment “carotid arteries – basilar artery – Circle of Willis” are presented. Based on
the proposed methodology and the developed prototype, risk assessment of plaque
rupture and aneurysm formation was performed for a specific patient with combined
pathology of the neck and head arteries. Conclusions were drawn regarding the need
for monitoring and conservative treatment without surgical intervention, which were
subsequently confirmed clinically.

Keywords: artery, Circle of Willis, experiment, aneurysm, plaque, atherosclerosis.
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