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Statement of the Problem: Vein graft failure (VGF) remains a major clinical challenge following coronary 
artery bypass grafting (CABG), significantly affecting long-term graft patency. Intimal hyperplasia (IH) is a 
key pathological process contributing to VGF, primarily triggered by the altered hemodynamic environment 
post-CABG. Despite extensive studies using animal models, an efficient and physiologically relevant in vitro 
system to investigate human saphenous vein (SV) pathology under arterial conditions is still lacking. This study 
aims to develop a novel pulsatile pressure-perfusion vessel culture system (VVCS) to simulate the post-CABG 
pressure environment and investigate the structural changes in human SV grafts under controlled conditions. 
Methodology & Theoretical Orientation: A custom-designed VVCS was established to maintain SV samples 
under pulsatile arterial pressure (80/120 mmHg) for 14 days under sterile conditions. The system was optimized 
to ensure histocompatibility, real-time pressure monitoring, and minimal contamination risk. Histological 
analysis, including hematoxylin-eosin (HE) staining, CD31 immunostaining, and Verhoeff-van Gieson (EVG) 
staining, was performed to assess endothelial integrity, intimal changes, and structural remodeling. AI-assisted 
image analysis was applied to quantify endothelial cell (EC) coverage and intimal thickening. Findings: 
Following 14 days of culture under CABG-like conditions, SV grafts exhibited significant morphological 
alterations, including lumen dilation, reduced wall thickness, muscle fiber rearrangement, and mild fibrosis. 
While EC coverage showed no statistically significant difference before and after culture (P = 0.473), a notable 
increase in intimal thickness was observed (mean thickening rate: 5.08%, P < 0.001). These results suggest that 
while arterial pressure alone may not induce immediate endothelial damage, it contributes to early structural 
remodeling associated with IH. Conclusion & Significance: The VVCS offers a cost-effective, reproducible, and 
physiologically relevant tool for investigating vascular remodeling and optimizing strategies to prevent vein 
graft failure in CABG patients.
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