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ABSTRACT

Background and Objectives : The purpose of this study was to develop a new type of coronary stent-graft, using
surface modification of polymeric synthetic graft materials, to improve biocompatibility. Materials and Methods :
Three different polymers, Dacron, GoreTex and Teflon were tested. During the surface-modification process, hyd-
roxybutyl acrylate (HBA) choline, an excellent blood-compatible phospholipid, was stably grafted onto the polymer
surface. The optimal conditions for maximizing the amount of HBA choline grafted onto the polymeric surface
were determined by quantitative analysis. The surface-modified polymers were then tested for their biocompati-
bility using an in vitro platelet adhesion test. Thereafter, stent-grafts were constructed with each of three different
types of surface-modified polymer and implanted in porcine coronary arteries to compare their biocompatibility
in vivo. Results : In the platelet adhesion test, all the surface-modified polymers showed better biocompatibi-
lity than the control polymers. The in vitro biocompatibility correlated positively with the increasing quantity of
grafted HBA choline. In the animal experiment, the surface-modified Teflon stent-graft showed the best
biocompatibility. Whereas, all pigs implanted with the modified Dacron and GoreTex stent-grafts died within
48 hours of the implantation, five out of the six pigs with the Teflon stent-grafts remained alive at after the 4th
week. In four of the five surviving pigs, angiography, intravascular ultrasound (IVUS) and histological eva-
luations demonstrated the patency of the stent-grafts, with a uniform neointima formation covering the entire
stent-graft, without stent thrombosis or chronic inflammatory cells. Conclusion : The surface-modified Teflon
coronary stent-grafts showed good in vitro and in vivo biocompatibility. Further animal and clinical studies
will be required to validate the efficacy of the surface-modified polymer stent-grafts. (Korean Circulation J
2003:33(9):832-846)
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Fig. 1. The apparatus for plasma tfreatment of polymers.
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Fig. 2. The apparatus for ozone oxidation of polymers.
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Fig. 4. Schematic presentation of polymer surface mo-
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Fig. 3. Chemical equation for synthesis of hydroxybutyl acrylate choline. TEA : triethylamine, THF : tetrahydrofuran.
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C—H stretch(3000~3100 cm ™Y, alkane?] sp® C—
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em HE 18 5 glom, ojzlow HBAZL #4H
Ao BRI Fig. TA).
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U= ol 3 HBA9] ester C—O stretch®} P—
C stretch7} A2 2 YAl A= L9} peak int-
ensity7} S7FIA oA eSS & 5 Sl
ok (Fig. 7B).
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chloro—1, 3, 2—dioxaphosphorane—2—oxide”} trie-
thylamine®} REgoA EHASZ YR} triethtyl
amine®] CHy bend(1476 cm™") ¢} CHz bend (1390
em™Y), 1035 cm 'elA9] C—N stretch® ER151TH
(Fig. 70).
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Fig. 7. FTIR spectra of HBA, 2-HBA-chloro-1, 3, 2-dioxa-
pholane-2 oxide and HBA choline monomer for veri-
fying the chemical structure. FTIR : Fourier fransform
infrared spectrometer, HBA : hydroxybutyl acrylate.
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SAA, Y8t LS UV FHolA S3=E s
(Fig. 8, 9). olgAl 4 =] 4= a2 g
NEQ F4E e Aol2 HAE peroxide US4
Zdh=t, ©li= DPPH7F ARl 7 543l Table
12 gz A3 S35 208 % (mol/L) 2+
9] WA 5% (mol/em?) 2 31 Aotk
Dacron ¥%9] peroxide %

Dacron®ll Z2t=nlE A2jgt 23}, 10274+ pe-

e
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Fig. 8. UV absorbance of DPPH (2, 2-diphenyl-2-picryl-
hydrazyl) radical at 520nm in the Dacron graft. The
difference of UV absorbance between control and
each modified polymer is correlated with the quantity
of produced peroxide. UVO treatment showed the lar-
gest amount of peroxide formation. UVO : UV ozone,
S @ second.
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roxided %81 o] F7I8IE7) 2071 Avhd thA]
sk s LRl o= EEr AEA] 100
WellA 20% o A2l 2-$-(100W-20S), d4€
peroxideZ} #8l|5= A o2 Al Hth UVOE A28t
& 7ol ol nisl 208 o)t FAE AHE gl
Ey=g

0]710& Dacron? A%, UVO7Z} Zef=rluc) ¥
9] peroxide Aol @A a7429S < 4 rHFig.
8) (Table 1).

9] peroxide H#

GoreTex:= Z2}=rlE 207 Agd 497} 7}
& HE ¥ peroxide”t FAESICE WA AlgelA
= A9 wH o AEch Ty, 4023
2|3t Ag-oll= oA 748191 o)= Dacron¥} v}
A7 Z FAE peroxide’} HalE Aow melr)
ole]] HHl], GoreTex?] UVO A2 ¥ 4% peroxide
= Zgzute) vt o2 AT (Fig. 9)
(Table 2).

Table 1. Amount of formed peroxide (Dacron)

GoreTex

Formed peroxide Peroxide conc.

HBA cholineS 30| 1&}3 Z3N7) EHO] A

ESCAE o] &3t 9] A4 22 HBA choline
o] FAUFH ot W AE % J3}3itt. Dacron, Gore-
Tex, Teflon tape ¥ stainless steel> 3EAo7 &
AU C(8H4) & 7FXa 912, HBA cholinedl] <&
Ashz P(RDS &robA etk TeRR, JetE
ZNZ Al Fof| U Pi= HBA cholineoA] L& 7l
o7 & g otk ojFloR FHAHEE Co| el o
st P g=Fe] Hl(P/C ratio) B A o] tist P
o] atomic %= XHTIY Table 3~5+ 7} AlZEHE
AAFE P/C ratio®t P2 atomic %5 LFERH Zlolt},
1714 Control> oM % Hz|ahA] g2 Aejelx
ESCAE &7st Zlo|th
Dacron

Table 3°lIA, %E}ZU}E At Aol A7 Al
Zhell Adgle] HlSst -0 2 HBA choline®] 3
Hor, UVOR Aegt Z-folle 38) o B Yol
ER1ERSS & & Atk ol F31], peroxide”t ol
A=W HBA choline® %o] &=, peroxide”t
W Ho] s F9A] AaIde] Holx] EAjeo]

(X106 M) (X 10 mol/cm?) L oma =
A AR E817) W] peroxide?] ko] 20u)
100 W-5S 00.4 0.30 Sl 2 e o] 208} ZDH : e °
73] 7} STV HA = =
100 W-10S 00.5 037 ° oHE o/re w
100 W-20$ 001 0.07 Table 2. Amount of formed peroxide (GoreTex)
100 W-40 S 00.3 0.22 - -

Formed peroxide Peroxide conc.
uvo 103 7.72 (X10¢M) (X 10 mol/cm?)
UVO : UV ozone, conc. : concentration 100 W-5S 1.1 0.18

100 W-10 S 1.1 0.18
0.88 100 W-20 S 1.4 0.23
1L 100 W-40'S 0.6 0.10
0.87 T
i uvo 1.3 0.22
8 086 L L T UVO : UV ozone, conc. : concentration
é i
5 085 | T
2 478 4 Table 3. Amount of grafted HBA choline on the dacron
b surface
077
0.76 P/ Cratio P-2p (%)
ors 1L 1 L 11 11 11 |1 Control 0.000 0.00
Control 58 108 208 408 uvo 100 W-5S 0.020 0.73
Fig. 9. UV absorbance of DPPH (2, 2-diphenyl-2-picryl- 100 W-10 0022 0.80
hydrazyl) radical at 520 nm in the GoreTex graft. The 100 W-20 S 0.022 0.77
difference of UV absorbance between control and 100 W-40' S 0.021 0.75
each modified polymer is correlated with the quantity ’ '
uvo 0.050 2.61

of produced peroxide. Plasma treatment for 20 se-
conds showed the largest amount of peroxide forma-
fion. Abbreviation as in Fig. 8.
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HBA : hydroxybutyl acrylate, UVO : UV ozone, P : pho-
phorus, C : carbon
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GoreTex

Zekznt Ay 20%004 7P w2 FRHES Kol
£, ©]= peroxide®] B4 ¥ YT Aot} &
sk 40% HE] Al A AlEsh A Arlel &
datA, TgEo] oK ik A =
+ BA ¥ peroxideZ} wallEo] HAE T FEEE
sk Zlolk UVO Ay Z-volx Zek=vt A st
= 2to)7F §lSitH(Table 4).
Teflon tape

Table 5+ 24 ¢1Xl(expansion)A]7! Teflon tape

Table 4. Amount of grafted HBA choline on the goretex
surface

P / C ratio P-2p (%)
Control 0.000 0.00
100 W-5 S 0.022 1.33
100 W-10 S 0.035 2.08
100 W-20 S 0.072 3.98
100 W-40 S 0.026 1.57
uvo 0.028 1.84

HBA : hydroxybutyl acrylate, UVO : UV ozone, P : pho-
phorus, C : carbon
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Teflon tape®] ¢ Zek=nl HA7H] F3H& Apo]
ATk

1358w, ezt A
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Table 5. Amount of grafted HBA choline on the teflon
tape surface

P/ C ratio P-2p (%)
Control 0.000 0.00
50 W-10S 0.020 1.31
50W-30 S 0.020 1.09
100 W-10S 0.025 1.22
100 W-30 S 0.005 0.34

HBA : hydroxybutyl acrylate, P : phosphorus, C : carbon
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Fig. 10. Electron spectroscopy for chemical analysis of stainless steel. The largest amount of HBA choline was synth-

esized under 90 W-90 S condition.
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Fig. 11. UV absorbance of LDH complex of Dacron and at 340 nm wavelength. Dacron with UVO treatment had
lesser UV absorbance than other conditions. In GoreTex, specimens with 20 second plasma freatment was the best.

LDH : lactate dehydrogenase.
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Fig. 12. SEM images of platelet adhesion on unmodlfled Dacron (control) ond HBA chollne groﬁed Dacron under
different conditions (b-f). The least platelet adhesion was noted on UVO-treated HBA choline-grafted Dacron. SEM :

scanning electron microscopy, HBA : hydroxybutyl acrylate.
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Fig. 13. SEM images of platelet adhesion on unmodified GoreTex (control) and HBA choline-grafted GoreTex under
different conditions (b-f). The least platelet adhesion was noted on 100 W-20 S plasma-treated, HBA choline-
grafted GoreTex. SEM : scanning electron microscopy, HBA : hydroxybutyl acrylate.
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Teflon AHE—TJZ}ZEZS A2l3t gx| o}Al njg
I W PARD E X e R A R [ (= PARSS
2% 18417 5 FALSIATE AES Suke] | 9] 93

Azalol] AHE T EES ARISIITHFg, 16). 2
E JEhrE ARl 45 | 3 T

A PAkEw ojao =

Fig. 14. Acute stent-graft thrombosis in the pig coronary
artery (arrow).

Fig. 15. Renal angiography revealed thrombosis within
the stent-graft (arrow).

A Aleeh €)X ] IfE S v eH A

D(Fig. 17A), WA 4vke] =X @A
e 248 BgFig. 178, O). ooz ~H
T EZL Al el Alusale] o 1l
st AEE vloks] flate] Al vk =Hix]ellA da
U 2395 Atk dad 2295 538 A
w2 Al kel AT, Ty dd

[ rlo o

)
& A dgkom], ~RIE JEprE A7} A

Before Stent-graft implantation After

Fig. 16. Implantation of a stent-graft at the pig right cor-
onary artery.

Fig. 17. Follow-up coronary angiography (upper panel)
and intravascular ultrasound (IVUS) images of the most
stenofic lesion within the implanted stent-grafts (lower
panel) at 4 weeks. Coronary angiography revealed
near total occlusion due to neointima (between two
arrows) proliferation (A) and patent stent-graft (B, C).
IVUS showed that stent-grafts were fully expanded and
covered with neointima in the lumen.

" “ w /

X 40

Fig. 18. Histologic evaluation of Teflon stent-graft 28 days after stent graft implantation. Hematoxylin-Eosin staining
(A, B) and Lawsons elastic van Gieson staining (C). A neointimal layer covers the stent-graft from the lumen.
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