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=Abstract=

Animal Experiments on an Antithrombogenic Small-Caliber Vascular
Prostheses and Vascualr Patch : Observation in Canine Models

Soo-Cheol Kim, M.D*, Won-Gon Kim, M.D**, Seh-Young Y00, M.D.***

Background: Although a varicty of synthetic vascular grafts are available in modemn
vascular surgery, no ideal prosthesis has yet bcen developed. Small-caliber vascular grafts
with low flow, as used in the lower extremity, continue to become thrombosed at
unacceptable rates. We have developed and cvaluated the new antithrombogenic blood
contacting surfaces in canine model. Material and Method: Two new antithrombogenic
blood contacting surfaces(Polyvinylalcohol-Polyurethane(PVA-PU) blend and natural Graphite-
Polyurethane(G-PU) blend) have been developed and evaluated in canine model, using
vascular grafts and patches. The luminal surfaces of the test vascular grafts(5 mm ID) were
fabricated by dipping a glass rod in PVA-PU blend solution(50 % PVA) using phase
separation method. Mongrel dogs of cither sex weighing 18-22 kg were anesthetized by
endotracheal intubation using halothane and their lungs were ventilated with a volume-cycled
ventilator. Maintenance anesthesia with 0.5-1.0% halothane and supplemental oxygen was
used. Two pairs were used for comparison in the bilateral femoral arteries for both vascular
grafts(PVA-PU vs. PU) and vascular patches(G-PU vs. PU). Bilateral groin incisions were
made and the arteries were cxposed and clamped. After an excision of 1 cm of the artery
between clamps, a graft of 2.5cm in length was implanted end-to-end using 6-0 poly-
propylene suture. The vascular patch was implanted as a form of on-lay patch. Animals
were sacrificed at 1, 2, 4, 6, 8 and 16 weeks for vascular grafts and 1, 2, 4 and 6 weeks
for vascular patches. Result : The vascular grafts of PVA-PU blends showed patent lumina
in the 2 and 16 weeks animals, while those of PU showed a patent lumen in 2 weeks
animal. PVA-PU graft of 16 wceks showed a fairly clean luminal surface. A light
microscopic finding of this graft demonstrated good tissuc infiltration through porosity. The
animals with vascular patches showed patent arteries in both groups except 2 weeks animal.
Scanning electron microscopy of the luminal surfaces of G-PU patches in 4 and 6 weeks
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animals showed endothelial cell covering with microvilli. PU patches showed qualitatively
less endothelial cell covering. Conclusion: In conclusion, PVA-PU and G-PU blends can be
a promising blood contacting surfaces for application in a synthetic vascualr graft. However,
further animal study is needed to determine the real long-term effects of these methods of
surface modifications.

(Korean J Thorac Cardiovasc Surg 2003;36:63-72)
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Fig. 1. Diagram showing hydrated polyvinyl alcohol polymer
chains in polyvinyl alcohol-polyurethane blend extend into the
blood like villi.
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Fig. 2. Synthetic porous vascular graft by polyvinyl
alcohol-polyurethane blend using phase separation method.

Fig. 3. Synthetic vascular patch by polyurethane-natural
graphite blend.
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Fig. 4. Operative photograph after completion of end-to-end
anastomosis of femoral artery using polyvinyl alcohol-
polyurethane blend synthetic porous vascular graft in canine
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Fig 5. Macroscopic photograph of polyvinyl  alcahaol-
polyurethane blend and polyurethane synthetic porous
vascular grafts in 16 weeks animal : Only polyvinyl alcohol-
polyurethane blend synthetic porous vascular graft showed a
patent lumen and fairly clean luminal surface.
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Fig 6. Microscopic alcohol-

photograph  of
polyurthane blend synthetic porous vascular graft in 16 weeks
animal : A microscopic finding of this graft demonstrated good
tissue infiltration through porosity.

polyvinyl

St AR

429 Qe 9 9 FPAEe W At dASL
Fow WAL A AAAL MY 3 AW 94 oldet 2
Ang HEseck
B3 @¥7 22

2 + 31738 %] Hematoxylin
& Eosin 9402 He)ste] oz Haw} aps} ddate] &
53l =o]o] A vRX okA} Wl ML T.o 3
gx TH-’] ‘”d Yo 00 X o o&E 6

A% 7 A} #w]7(Scanning electron microscopy, Hitachi,
§.520, fapam 0.2 €17 e P EaHe e absiol
Avte] 4w e Aze) H% Bed wAsch A
Ao BRS QAN AES BElE AR B

B Hlolzz nA Al F HAAZ n4H e b
Aelol Hatato 2o AA YHEIE TAspsch ARne
o]-2- =]2}7|(lon sputtering coater, Eiko-3B)7} 0.1 Torr A3 A
elo) =e3l-S o 3500 BE 145 FgelA 10 mA <]
AHE FABEA 1087 AvPt 3 ARE F 150 mm F

Az Sleke Rl F olF FAY A4 WrlFoR 4%

2 o

fi

[P < )
=
ng

ulz]|o] AEA FoA 1, 4, 6, 85 A A=

Frg-Fel oA £ Ax 4B
33

pt A

(AN

=
S-Ee e §3A dx dd d EHsew
53] ol WA i Halew v s of

o 0

By

o

i

3

&l

il



M M7Y oz g@ 2 2uH iE 52 43

Fig 7. Macroscopic photograph of polyurethane-natural graphite
blend synthetic vascular patchiright) and polyurthane synthetic
vascular patch(left) : The animals with vascular patches showed
patent arteries in both groups except 2 weeks animal.

Fig 8. Scanning photograph  of

electron  microscopic
polyurethane-natural graphite blend vascular patch in 1 week
animal : Fibrin covered the luminal surface of patch and the
mixtures of cells were observed intermittently.

Q9ick 27 ABAIAE Feluldn e EeSe ¢4
JRER B SEE RS EREE R DL
Ak F oz gwe] Yo BF mwol Wxlo] ¥
gsfe] gl Aol BAsY. 12l ahd ARANAE
Feddn e B F3 Qx duel AL
AT e Aol wAsEE B AF ERe WA
Rao] A9 gt AZE 4% A% UsickFg ). 3
W EeSee 9k WAL BHRE FAow AW B
Hoz Qg At BRIk Wl 24 2e) F5 4)

27} A= YkFg. 6). Q2 @ W) YA E ofiE
27 Ae] el Fxes Al 4+ gk

g2 Al
2003;36:63-72

Microscopic
polyurethane—natural graphite blend synthetic vascular patch
in 4 weeks animal : Immature endothelial cell covering was
observed.

Fig 9. Scanning electron photograph  of
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Fig 10. Scanning electron microscopic photograph of
polyurethane—natural graphite blend synthetic vascuifar patch
in 4 weeks animal (endothelial cell in high power field)
Endothelial cell covering with microvilli was observed.
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Fig 11. Scanning electron microscopic photograph of
polyurethane-natural graphite blend synthetic vascular patch
in 6 weeks animal Endothelial cells were matured and
showed typical cobble stone appearance.
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Fig 12. Scanning electron microscopic photograph of
polyurethane synthetic vascular patch in animal @ This patch
showed qualitatively less endothelial cell covering than
polyurethane-natural graphite blend synthetic vascular patch.
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