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Abstract In this study, we summarize the advancements in high-resolution vascular imaging technology and its
applications in the biomedical field. In particular, we focus on quantitative characterization methods applicable to high-
resolution vascular images. The quantification process of vascular images generally comprises three main steps: image
preprocessing, vascular image reconstruction and quantitative characterization acquisition, and statistical analysis of
quantitative parameters. We provide a detailed explanation of the algorithm pipeline, accuracy assessment, and potential
optimization directions for the methods employed in each step. Furthermore, we explore the significance of extracting
biological information from various vascular and blood parameters for clinical reference. We also discuss the robustness of
multiparametric models in distinguishing different stages of disease development within specific disease contexts. These
advancements not only reflect the potential value of high-resolution vascular imaging technology and the application of

quantitative characterizations but also provide new insights into their promising prospects for advancing fundamental

biomedical research and clinical diagnosis.
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Fig. 1 OCTA scheme and imaging results™. (a) Pseudo color OCTA images with different fields-of-view of 3 mm >3 mm, 6 mm X

6 mm, and 8 mm X 8 mm; (b) demonstration of OCTA scanning method and signal processing
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Fig. 2 NIR-II angiography technology. (a) Effective attenuation coefficient and quantum efficiency curves of the NIR-II window™";

(b) AIE dots PEGylation™”; (¢) mice uterine NIR-IIb fluorescence angiography™”
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Fig. 4 Segmentation system for retinal blood vessels images based on OCTA scanning”"
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Fig. 5 Illustrated major steps of vessel extraction””. (a) Original image; (b) vessel map after multi-scale vessel enhancement; (c) output

of fractional differential process; (d) final extracted vessel map
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Fig. 6 Examples on microvasculature segmentation and reconstruction of different groups™. (a) 3D vessel mesh surfaces; (b) vessel

area distortion ratio maps; (c) classification results based on vessel size
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Fig. 7 Definition of spatial orientation and weighted vector summation algorithm. (a) Defined orientation within 2D plane; (b) defined

orientation in 3D space; (¢) weighted vector summation algorithm for spatial orientation quantification
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