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ABSTRACT

Background and Objectives : The stent material and thickness may influence the rate of restenosis following co-
ronary artery stenting. A thin strut cobalt-alloy stent has been developed in an attempt to reduce the restenosis
rate, while maintaining the radiopacity and radial strength. The purpose of this study was to compare a stainless
steel Core® stent (thickness: 90 £m/HUMED Co. Ltd, Korea) with that of a cobalt alloy Core® stent (thickness:
60 12m/HUMED Co. Ltd, Korea) in a porcine coronary stent restenosis model. Materials and Methods : The cobalt
alloy (Co-alloy) and stainless steel (SS) stents were implanted in 24 porcine coronary arteries. Four weeks after
stenting, the pigs were sacrificed after quantitative coronary angiography (QCA). The coronary arteries were per-
fusion-fixed and stained, and a pathological examination performed by computer-aided histomorphometry. Results :
The minimal luminal diameter at 4 weeks was larger in the Co-alloy than the SS group according to the QCA
(1.8£0.8 mm vs. 2.7£0.8 mm, p=0.019). The neointimal area was significantly smaller in the Co-alloy than
the SS group (1.9610.68 mm® vs. 0.89 £0.27 mm?, p<0.001). The intima/media area ratio was significant lower
in the Co-alloy than the SS group (1.33+0.46 vs. 0.69 =0.21, p=0.003). Conclusion : The thin strut cobalt alloy
Core® stent significantly reduces the neointimal formation compared to the stainless steel Core® stent in a porcine
coronary stent injury model. (Korean Circulation J 2005;35:507—512)
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Table 1. Chemical composition between cobalt-alloy and 316L stain-
less steel Core® stent

Chemical composition (%) SS Co alloy
C 0.016 0.010
Cr 17.300 20.6
Co 0.140 Balance
Fe Balance 0.800
Mn 1.720 0.030
Mo 2.670 9.500
Ni 13.600 34.800
P 0.021 0.002
S 0.001 0.001
Si 0.570 0.0600

SS: 316L stainless steel stent, Co alloy: cobalt alloy stent

Table 2. Mechanical properties between cobalt-alloy and 316L stain-
less steel Core® stent

Mechanical property SS Co alloy
U.T.S.(MPa) 619 930
Elongation (%) 49-51 45
Y.S.(MPa) 306 414
Average grain size 8.5 7

SS: 316L stainless steel stent, Co alloy: cobalt alloy stent, U.T.S: ul-
timate tensile strength, Y.S! yield strength
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Table 3. Baseline and coronary angiographic characteristics after stent
implantation

Characteristics SS Co alloy p
Total stent No. 12 12

No. of death 0 0

Initial weight (kg) 29.4£0.5 29.0£1.3 0.351
FU weight (kg) 40.0+2.5 41.3+2.3 0.546
Quantitative coronary angiography

Stent to artery ratio 1.19£0.02 1.10£0.03 0.112
RD (mm) 29%0.1 29%0.2 0.480
% stenosis* 381£26 10£5 0.015
MLD (mm)* 1.8+0.8 2.7+0.8 0.019

x: p<0.05. SS: stainless steel stent, Co alloy: cobalt alloy stent, FU:
4 weeks follow up (prior to sacrifice), RD: reference diameter, MLD:
minimal luminal diameter

Fig. 1. Representative cases of a no in-stent restenosis (A) and in-stent restenosis (B) at follow up coronary angiography before sacrifice.
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Fig. 2. Pathologic findings of a Co-alloy stent (A H & E staining, B: EVG staining, X 40) and 316L stainless steel stent (C: H & E staining, D:

EVG staining, X40).

Table 4. Histomorphometry analysis in porcine coronary artery stent
injury model

Characteristics SS
1.19£0.31

Co alloy p
1.14+0.14  0.688

Injury score

Intima area (mm?)* 1.960.68 0.89+0.27 0.0005
Media area (mm?) 1.47+0.19 1.29+0.13  0.067
Intima to media ratio*  1.33£0.46 0.80+0.29  0.003

#: p<0.05. SS: stainless steel stent, Co alloy: cobalt alloy stent

B A Lo) ARE cobalt alloy®] AEQ] ASTM F562-2 &
Felute] Qlgvhd, X|ihg JETHE, AHuE7]9 g A
|51 = YA ARE, 7141% EX(mechanical property)
L2 71&2] ~”HIES] A#2 stainless steellZT} oF 1 58] &
9] 733t radial forceE 2+l Q13! radiopacity 7} <=5},
AHES] TS £o]% radial strengthS -GA|5PHA] AHIE
o profile 9 4+ 9l o242 4e] gekTable 1,
ATtof] AREH AFE= A Driver AEIE(Medtronic AVE,
Minneapolis) 5l AMS-El= A=} FARE E4J5H 54
7¥A)aL Q] oL}, Driver AEIE Hr} 10 p4m ¢F3l, 7|29 316

stainless steel AEIE HUl= AEZ] T749] 33%E 714A|
7160 pm) 2~HIEZ AL o= Vision AHIE(Gui-
dant Co, IN)Q] cobalt chromium alloyZH= 3}&H24] AJEo
A 2po]7) QJ=H|, cobalt chromium alloy®] H|3}o] Ni&] s+
o] o} 2EFo gL AHE FHo|| chromium oxide
ol el s1sjo] Niolu} Fe ol olee] Wi Ajekel,
71e} 715 ol A= E cobalt—based AHIEZL GAps)c) Y
2o ARg-El 316L stainless steel Core” AHIEL
multicellular design®] slotted tubel] AHIER % E'99]
iz TS AEE AF2F mdofd 7]Z9] Palma—Shatz”
2RIE] Ha) AL U BAS £ S 9SS BT B9t
(Core® ABIE: 1.81+0.67 vs. Palma—Shatz® AEIE:
2.93+0.94 mm’), ol tAQlo] Al Wal P4 = late
losso] S vl = SLeS eluletel, 2 wnEe] oja)
W 10~129% 8% QWAL Fagieta Busta g7
2 qle] Anks 2 ajle] selEekaL sols A
of w2 AHE AESIO £AZE A 1) FAlof FaFe v




Jang—Young Kim, et al : Cobalt—Alloy Stent in Coronary Restenosis Model 511

Ah= AL Hoj39ir}, 316L stainless steel Core” AHIE
of| H]3}o] cobalt alloy® A& HHLO] AHIE AEF O =
AE Fol= o] W™ 2HE APz oA 4 W
ok PG 29 4 gtk Ak BoFe} Kereiakes 5
9] Hitof 9J&1H cobalt chromium alloy®] Multilink vi-
sion 2HIE(Guidant Co., IN)E ©|-83F 26742 tjAtoz
3 mmolie] HTEW FAS RO T YA ATl
late loss”} 0.87+0.56 mmo|™, 671 A&E2to] 15 7%=
Al 2HIE ZRAof oJ3k FARE- glo] lAtellA] cobalt ch-
romium alloy 2RIEZ} QHYsIAL P2k Fol=t] At
4919 AN ES B Aol el e Amot fAkt
2454 548 71 Driver stente] 2 S8 4
2ol ojalel 974 AR THZL 3. 5%0l0, At

2}
L 15. 7%= 7]Z2] bare metal stentHTH= =31 2]A]
o

o

AT Holu], 7|E0| G AHE AEE] thEA Al
9] ISAR-STEREO 1, 2(B2& 15, 17.9%)9] AT} &
Aysideh, o

H ndo s kS (60 1 m)2] cobalt alloy AEHIE
ZF gt S2](We H4; Co—alloywt 0,8940.25 mm2, SS
T 1.96+0.68 mm’, p<0.00)L Fo5HA £L 5 S
He] 2] AE ol FRaIc), ol cobal al-
loy®] AV} h: 28] 7]ol] A T AHES] 7
4 B(gold, nitinol B)o] Ha) B8l FA A} o]
Wk 248 B 4 U2 AP S cobalt al-
loyS ©0]83} thin strut 2HEES A2 3t oFE S8 A
dEo] thgt dAt2] duprt 7|tk

2 Ao Yuh FAlo] gt HFolA] 7|20 toflA] B
o} 2] 4 He Aol e, ole Y 24 AHY
injury score®] H4t7to] 1,14, 1,192 ThE ¢d+tof Hls] 2=l
Eo ofgt TAHsme] S4fo] Al Hhro® o AxIet*

E3H Co-alloyol Al Wat W2]o] 0,89mm” 0= 7k 2
HEO] tjzjQle] F=A7F 90 m] stainless steel Core” 2
HIEHT} 50%9] WutHA o] o] ants Holrh ofs, 7]&
9] Drivert} Vision ARIEE 0|83t YAAFollA] H4E
W ZJ<A) late lossS stainless steel AEHIEO]| H|5}o]
10~209%714:A17) @7 e Lt 4 ool Ek
WE Hol Tt} o= X3 oFF WEF ARIEE o] 8%t
B A% AT Aol Kolz ek {1114 mm” "
Hop A vttt AHIEY a) FA oA aukE Hoj
Ak, o= A2 &4 29| injury score”} THE A
Aol vls-Hargt £ 9] injury scoret= Hat 15859
A Wt oYz}, Driver = vision AHIEHLE AEF]
O] FA7} 10 pmA = B oFA AR Zo] A-EY Al
o e Y AAskE Aes 4

AEACR WA WeH AHE PR wde o83t

AlolA] 60 #mFEA2] cobalt alloy Core® ABIEZ} 7|20

d

316L stainless steel Core® AEIEHT} S-0J3t Ujale] 222]
A IS Bt

o OF
o =

P

7ol ol ofsil 2HIEe] Aol ERg 2k % o
= AHIES] 24 & (material composition), 7 (thick-
ness)©|t}, Cobalt alloy &A= AHIES] F/AE Eo|HA|
radial forceS 413 4 9lo] 281E0] Yot Z4jo] ol
ARAE 29U 5 9 Ao kAT, Ao Bae 3
WellAl 7k 60 #m5F72] cobalt alloy Core” AEIES} 90
pm5F79] 316 L stainless steel Core” AEIE7} B2] 3H4;
o] ARlE PR weol Wk ol AukE b

b

= | T AkE sk A
S FAFEuo] 2HIES ARISTE TAEY SA 45 5
3 %

i
o 1 BYEY 2Y&g AYehn, WA A
) o) 2% gelahel S4E B

3
oA APRE SRS QST 4% F S0 A TS 2
oA a4 d3 W42 Co—alloywto] 1.8+0.8 mme}
SStto] 2.7+0.8 mm= -§-2J5t 207} 9JSItHp=0.019). In-
jury score~= Co—alloyw2 1,14+0,140]3L SST2 1,19+
0.31%2 4=to] o 49 Atol= glSith(p=0.688).

Wul WAL Co—alloyit 0.89+0.25 mm®, SS stentit
1.96+0.68 mm & Co—alloy0] -8-2J5174] ZItHp<0.001).
Intima to media ratios= Co—alloyw- 0.69+0,29, SSw*
1.334+0.46= Co—alloywo| G254 &%tk (p=0.003).
a3 B

A s AHE PR wds o83k AFoA 60
um5E72] cobalt alloy Core® ABIEZ}F 7]22] 316L stain-
less steel Core” 2EIERTE G037} juko] Z2)0] o) &}
£ =itk

N OO AEIE @R ZEEE  Hjx] A md)

REFERENCES

1) Topol EJ. Coronary-artery stents: gauging, gorging, and gouging.
N Engl J Med 1998:339:1702-4.

2) Hausleiter J, Kastrati A, Mehilli J, et al. Randomized, double-
blind, placebo-controlled trial of oral sirolimus for restenosis pre-
vention in patients with instent restenosis. Circulation 2004, 110:
790-5.

3) Lemos PA, Hoye A, Goedhart D, et al. Clinical, angiographic and
procedural predictors of angiographic restenosis after sirolimus-
eluting stent implantation in complex patients an evaluation from



512 Korean Circulation J 2005;35:507-512

the rapamycin-eluting stent evaluated at Rotterdam Cardiology
Hospital (RESEARCH) study. Circulation 2004, 109:1366-70.

4) Tanabe K, Hoye A, Lemos PA, et al. Restenosis rates following
bifurcation stenting with sirolimus-eluting stents for de novo nar-
rowings. Am J Cardiol 2004;94:115-8.

5) Kastrati A, Schomig A, Dirschinger J, et al. Increased risk of

restenosis afier placement of gold-coated stents: results of a ran-
domized trial comparing gold-coated with uncoated steel stents
in patients with coronary artery disease. Circulation 2000;101:
2478-83.

6) Park SJ, Lee CW, Hong MK, et al. Comparison of gold-coated
NIR stents with uncoated NIR stents in patients with coronary ar-
tery disease. Am J Cardiol 2002,;89:872-5.

7) Kastrati A, Mebhilli J, Dirschinger J, et al. Intracoronary stenting
and angiographic results: strut thickness effect on restenosis out-
come (ISAR-STEREO) trial. Circulation 2001,103:2816-21.

8) Rogers C, Edelman ER. Endovascular stent design dictates experi-

mental restenosis and thrombosis. Circulation 1995,91:2995-3001.

9) Donachie M. Biomedical alloys. Adv Mater Proc 1998;7:63-5.
10) Kereiakes DJ, Cox DA, Hermiller JB, et al. Usefulness of a cobalt
chromium coronary stent alloy. Am J Cardiol 2003;92:463-6.

11) Schwartz RS, Huber KC, Murphy JG, et al. Restenosis and the
proportional neointimal response to coronary artery injury: re-
sults in a porcine model. J Am Coll Cardiol 1992,19:267-74.

12) Caudillo M, Herrara-Trejo M, Castro MR, Ramirez E, Gonalez
CR, Juarez JI. On carbide dissolution in an as-cast ASTM F-75
alloy. J Biomed Mater Res 2002,59:378-85.

13) Gomez M, Moncha H, Salinas A, et al. Relationship between
microstructure and ductility of investment case ASTM F-75 imp-
lant alloy. J Biomed Mater Res 1997,34:157-63.

14) Messer RL, Wataha JC, Lewis JB, Lockwood PE, Caughman GB,
Tseng WY. Effect of vascular stent alloys on expression of cellular
adhesion molecules by endothelial cells. J Long Term Eff Med
Implants 2005;15:39-47.

15) Sunderman FW Jr, Hopfer SM, Swift T, et al. Cobalt, chromium
and nickel concentrations in body fluids of patients with porous-
coated knee or hip prostheses. J Orthop Res 1989;7:307-15.

16) Choi D, Choi SH, Cho DK, et al. Comparison of the Core® stent
and Palma-Schatz stent in a porcine stet restenosis model. Korean
Circ J 2001;31:655-61.

17) Rogers C, Edelman ER. Endovascular stent design dictates experi-
mental restenosis and thrombosis. Circulation 1995;91:2995-3001.

18) Rogers CD. Optimal stent design for drug delivery. Rev Cardio-
vasc Med 20045 (Suppl 2):59-15.

19) Sketch MH Jr, Ball M, Rutherford B, Popma JJ, Russell C,
Kereiakes DJ. Evaluation of the Medtronic (Driver) cobalt-ch-
romium alloy coronary stent system. Am J Cardiol 2005,95:8-12.

20) Pache J, Kastrati A, Mehilli J, et al. Intracoronary stenting and
angiographic results: strut thickness effect on restenosis outcome

(ISARSTEREO-2) trial. J Am Coll Cardiol 2003;41:1283-8.

21) Taylor AJ, Gorman PD, Kenwood B, Hudak C, Tashko G, Vir-
mani R. 4 comparison of four stent designs on arterial injury,
cellular proliferation, neointimal formation and arterial dimen-
sions in an experimental porcine model. Catheter Cardiovasc In-
terv 2001,53:420-5.

22) Holmes DR Jr, Lansky A, Kuntz R, et al. The PARAGON stent
study: a randomized trial of a new matenstic nitinol stent versus
Palmaz-Schatz stent for treatment of complex native coronary
arterial lesions. Am J Cardiol 2000;86:1073-9.

23) Suzuki T, Kopia Z, Hayahi S, et al. Stent-based delivery of siroli-
mus reduces neointimal formation in a porcine coronary model.
Circulation 2001;104-1188-93.

24) Heldman AW, Cheng L, Jenkins GM, et al. Paclitaxel stent coating
inhibits neointimal hyperplasia at 4 weeks in a porcine model of
coronary restenosis. Circulation 2001;103:2289-95.

25) Kim W, Jeong MH, Cha KS, et al. The effect of the probucol-
loaded BiodivYsio Stent on inhibition of neointimal proliferation
in porcine coronary stent restenosis model. Korean Circ J 2003;
33:1028-35.

26) Park OY, Jeong MH, Kim JH, et al. The inhibitory effects of pla-
telet glycoprotein 1Ib/Illa receptor blocker-coated stent on neo-
intima formation and inflammatory response in porcine coronary
stent restenosis. Korean Circ J 2003,33:439-45.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


