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The Development of Construction of Small-Diameter
Vascular Grafts in Vivo
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Abstract: Although there is a growing demand of small-diameter vascular grafts for cardiovascular disease, the inci-
dence rate of restenosis caused by vascular grafts remains high. An effective approach to improve the function of small-di-
ameter vascular grafts and realize the blood vessel regeneration would be to induce a healing response in vivo for tissue en-
gineering. In this article, we summarize the recent research developments on small-diameter vascular grafts, and highlight
the main designing ideas and research outcomes in our laboratory. The work includes structural design and fabrication of
porous scaffolds, anti-clotting modification, functionalization for endothelial progenitor cells (EPCs) capture, creation of
micro-environment for vascular smooth muscle regeneration and angiogenesis. Some directions and problems on future re-
search in these areas are also discussed.
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Fig. 1 FTIR-microscopic images for PLA/PHBHHx blends with various ratio and corresponding to spectra for labeled dots: (a; ~a;) PLA/PHBHHx
(40/60), (b, ~b;) PLA/PHBHHx (50/50), (¢, ~c3) PLA/PHBHHx (60/40), (d, ~d;) PLA/PHBHHx (80/20), and (e, ~e;3)
PLA/PHBHHx (20/80) )
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Fig. 2 SEM images of adherent platelets on bare polymers: (a) PDLLA, (b) PLMA, (c) P-GS5, and (a’ ~c’ ) magnified images of (a~c)
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Fig. 5 SEM images of surface of scaffolds: (a) PCL membrane produced by traditional electrospinning, SEM showing fibers compact structure and

small pore, (b) PCL-PEO composite scaffolds produced by electrospinning PCL and electrospraying PEO microparticles at the same time,

SEM images showed uniform distribution of PEO microparticles, PCL fibers excessively combined with PEO microparticles, (c¢) 3D PCL of

PEO microparticle removed by gradient alcohol to water and then dehydrated with —20 “C and frozen dryly, SEM images showed scaffolds of

loose structure compared with TS PCL scaffolds and pore diameter in 3D PCL scaffolds more bigger than TS PCL scaffolds( a)

P 6 WKL PCL3LZTLr4E It R AR 1R . WK R4 PCL 27 4

Fig. 6  Confocal images of fluorescence stained fibers blend: gelatin

fiber and PCL fiber
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Fig. 7 Images depicting perforated mandrel used in our experiment:
(a) mandrel labeled with dimensions, (b) mandrel device
connected with air line, above arrow showing location of inlet

pressure, and down arrow showing direction of air-flow
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Fig. 8 Schematic representation of biological response in vascular graft wall over time
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Fig. 9 Photographs of tubular nano-fibers scaffolds: gross view of

tubular scaffold (a), SEM micrographs of scaffold cross-
section (b), macro-pores and pore interconnections structure

(¢), and nano-fibers structure (d)
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Fig. 10 In vivo implantation of HASMCs-scaffold constructs after 24 h

of cell seeding and culture; H-E staining of sections of
construction (a) , blank scaffolds (b), masson’s trichrome
after 2 weeks of implantation (¢ ), staining of 2 weeks
implants of construction ( collagenous ECM stained blue ) ,
immunohistochemical staining of IgG control 2 weeks after
implantation (d), implanted host SMCs stained with SMA-
actin antibody (e), and implanted HASMCs stained with

human mitochondria antibody (f)
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respectively. SEM images for luminal surface of explanted grafts at 4 weeks after implantation; (e) PCL grafts and (f) PCL-RGD grafts
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