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Abstract Arteriovenous fistula (AVF) is the preferred vascular access for hemodialysis in patients with end-
stage renal disease. However, its relatively high rate of maturation failure poses a severe clinical challenge.
This article systematically reviews the research progress on the mechanisms underlying AVF maturation,
with a central focus on the dual critical roles of vascular smooth muscle cell (VSMC) during this process.
AVF maturation relies on the adaptive outward remodeling (lumen dilation and wall thickening) of the venous
outflow tract in response to arterial hemodynamic stimulation to support the blood flow required for dialysis.
Nevertheless, abnormal proliferation, migration, and phenotypic switching (from contractile to synthetic
phenotype) of VSMC are not only necessary processes that promote beneficial outward remodeling but also
core cellular events that lead to pathological intimal hyperplasia and luminal stenosis (inward remodeling) ,
thereby contributing to late maturation failure. This article thoroughly analyzes how patient factors and
biophysical factors influencing AVF maturation collectively regulate VSMC behavior and determine the
outcome of maturation. Although evaluation criteria such as the “rule of six” and ultrasound monitoring
techniques are applied, the lack of predictive models, unclear molecular mechanisms, and insufficient
effective translational interventions remain the main limitations of current research. Future studies should
focus on optimizing surgical techniques to improve hemodynamics, developing molecular therapeutic
strategies that target the regulation of VSMC phenotypic switching and pathological remodeling, and
establishing predictive systems that integrate multimodal assessments (such as advanced imaging and

biomarkers), with the expectation of improving AVF maturation rate and long-term patency rate, thereby

reducing the burden on patients and the healthcare systems.
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