ek 3] 2] Al 89 d Al 3 & 2015

@ CrossMark
+click for updates

http://dx.doi.org/10.3904/kjm.2015.89.3.282

= M(Review)

Current Status of Coronary Stent

Eun-Seok Shin

Department of Cardiology, Ulsan University Hospital, University of Ulsan College of

Medicine, Ulsan, Korea

Coronary artery disease is one of the principal causes of mortality worldwide. Andreas Griintzig initially developed balloon

angioplasty to treat the condition. Coronary stenting was first used in the mid-1980s to prevent abrupt vessel closure and restenosis.

Stent material and design have received a great deal of attention over the past 30 years. Modern polymer stents feature anti-

proliferative coatings. Recently, a bioresorbable stent scaffold was introduced. This article focuses on the current status of coronary

stents, especially with respect to certain aspects of clinical practice. (Korean J Med 2015;89:282-290)
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Table 1. A comparison between drug-eluting and bare-metal stents
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First author Number of patients

Follow up (yr)

Drug-eluting stent compared to bare metal stent

Death Myocardial infartion Revascularization

Sirolimus eluting stent and bare metal stent

Stettler et al. [22] 8,646 Hazard ratio: 1.0 Hazard ratio: 0.81°  Hazard ratio: 0.3
Stone et al. [26] 1,748 6.7% vs. 5.3% 6.4% vs. 6.2% 7.8% vs. 23.6%"
Kastrati et al. [10] 4,958 6.0% vs. 5.9% 9.7%vs. 10.2%°  Hazard ratio: 0.43
Paclitaxel eluting stent and bare metal stent
Stettler et al. [22] 8,330 Hazard ratio: 1.03 Hazard ratio: 1.0 Hazard ratio: 0.42°
Stone et al. [26] 3,513 6.1% vs. 6.6% 7.0% vs. 6.3% 10.1% vs. 20.0%”
p <0.05.
°» <0.001.

‘Incidence of death and myocardial infarction.
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Figure 1. Coronary angiography evidencing late thrombosis in a

drug-eluting stent. Late stent thrombosis was evident upon coro-
nary angiography (arrows indicate a filling defect in the prox-
imal portion of the left anterior descending coronary artery).
Thrombosis developed after cessation of aspirin therapy.
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Figure 2. Absorbable magnesium stents (AMSs). (A) AMS- 1,
The first-generation magnesium stent featured sinusoidal hoops;
adjacent hoops were linked by three straight bridges. (B)
AMS-3; The next-generation magnesium stent was modified by
the addition of zirconium and yttrium, and was drug-eluting (the
drug was paclitaxel).
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ABSORB everolimus—eluting bioresorbable vascular
scaffold

Absorb BRS (Abbott Vascular, Santa Clara, CA, USA)+

FAR sof o|galm, 7 FAokE<
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£ e g 53zt 239k Cohort A 4910014 F8
SlxAbA 9] dhAlL o} [Ho]qic) dt ] Z-2ul(intravascular
ultrasound, IVUS)o| A 67§ & 27HE= 9] 712 5(shrinkage)
Lo skl 5] W &
2 golEglom, 67)dollA 21 Afo] AFEE 77]0] HE}
7 9158 olE el AR Aow Agh) Z2THIVUS) @
I 74 T 2%Y(optical coherence tomography)S E3f

poly-L-lactic acid=

Al(late lumen loss) 0.44 mm

Figure 3. The ABSORB everolimus-eluting bioresorbable vascular scaffold. (A) The first-generation bioresorbable vascular scaffold
features paired out-of-phase sinusoidal hoops directly linked at each peak and valley. Each pair is in turn linked using three straight
connectors. This design was used in Cohort A of the ABSORB trial. (B) The second-generation Absorb scaffold, tested in Cohort B of
the ABSORB trial, features in-phase sinusoidal hoops linked at the peaks and valleys by three straight connectors. All three Absorb scaf-
folds carry radiopaque platinum markers at either end (arrow). (C) The third-generation stent (the commercialized version) features
small changes to the shape of the bends in the hoops and to the strut thickness and width. Also, certain changes in the manufacturing
process facilitate later post-dilation to a larger diameter without tissue damage. Strut thickness is increased from 150 to 155 pm and strut
width from 163 to 188 um in the 2.5- and 3.0-mm-diameter third-generation Absorb devices, respectively; the 3.5-mm-diameter
third-generation device has a strut thickness of 155 pm and a strut width of 213 pm. The 3.0-mm-diameter third-generation scaffold can
be safely post-dilated to 3.5 mm, and the 3.5-mm-diameter device to 4.0 mm.
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Figure 4. The REV A bioabsorbable stent. (A) The REVA bioresorbable scaffold features a unique slide-and-lock mechanism (black and
white arrows) that permits the lumen of the scaffold to be enlarged without concentrating strain on the hinge points (unlike standard pol-
ymeric scaffolds). After expansion of the ReZolve scaffold, the locking mechanism maintains the expansion and affords radial strength.
(B) An optical coherence tomography image. The strut (thickness, 120 um) is indicated by the black arrow; the white arrow indicates the
ratchet (strut thickness, 250 um).
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b

Figure 5. The DESolve stent (Elixir Medical Corporation, Sunnyvale, CA, USA). (A) The balloon-mounted scaffold (black arrow); ra-

diopaque markers (white double arrow). A gap is evident gap between the balloon marker (M) and the scaffold. (B) The scaffold features
in-phase sinusoidal hoops linked by three straight connectors. (C) A scaffold post-dilated to a diameter of 4.75 mm without strut

fracture.

©.2 novolimusE &SI AJEES o83t 119w

YA A7t A Folel.

1980 At el 3001 WAZE ¥ A H

HEY 7]Ee] AHET} Zh= BAIME Fropjal 74 ste]
o U2 N 27E A P =89S QE ¢ ok §
22 He el e S5 18 A4 sl o
2} 93] Al&E AL Q= o §iEl, 1Mt oFE W ARIER]
Cypher®} Taxus= 7325t AWl 4] AA| g0tz 7g-S
ool AE FATH 22 b EA= o o
AlEEA] ehethe dolok @A) S-Euetel A= 24 oF
& WUE AHEVE 22 ARSERAT A EEHE A=
OFEE AHIEVE E2 A AutE B 9lon, S
of & =Yd BAFNI AANEEL] vHFE sold Aol
o} WA ANEEL] A oF7HA] Al AEol §
o, AU R #A 9l #H31R] 5o B9t el
4 Aaprh BEsie) AN A'IE Al o] $2] A7)4
A4S arefstal YAgeld AHEE Al & Fa alG

o= fAIste] oS5 st Autet ofojxrhH
Feu AHIES] BiHALe] & ZARdo] & Ao|tt.

2 R
o o ok

o
=

1o ¢
NIE
ro
(3

o,

REFERENCES

1. Griintzig A. Transluminal dilatation of coronary-artery stenosis.
Lancet 1978;1:263.

2. Roubin GS, Cannon AD, Agrawal SK, et al. Intracoronary
stenting for acute and threatened closure complicating per-
cutaneous transluminal coronary angioplasty. Circulation
1992;85:916-927.

3. Serruys PW, de Jaegere P, Kiemeneij F, et al. A comparison
of balloon-expandable-stent implantation with balloon an-
gioplasty in patients with coronary artery disease. Benestent
study group. N Engl J Med 1994;331:489-495.

4. Schatz RA, Baim DS, Leon M, et al. Clinical experience
with the palmaz-schatz coronary stent. Initial results of a
multicenter study. Circulation 1991;83:148-161.

5. van Domburg RT, Foley DP, de Jaegere PP, et al. Long term
outcome after coronary stent implantation: A 10 year single
centre experience of 1000 patients. Heart 1999;82 Suppl
2:1127-34.

6. Fischman DL, Leon MB, Baim DS, et al. A randomized
comparison of coronary-stent placement and balloon angio-
plasty in the treatment of coronary artery disease. Stent
restenosis study investigators. N Engl J Med 1994;331:
496-501.

7. Schomig A, Neumann FJ, Kastrati A, et al. A randomized

- 288 -



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

— A

Rl

comparison of antiplatelet and anticoagulant therapy after
the placement of coronary-artery stents. N Engl J Med 1996;
334:1084-1089.

Hoffmann R, Mintz GS, Dussaillant GR, et al. A serial intra-
vascular ultrasound study. Circulation 1996;94:1247-1254.
Gordon PC, Gibson CM, Cohen DJ, Carrozza JP, Kuntz RE,
Baim DS. Mechanisms of restenosis and redilation within
coronary stents--quantitative angiographic assessment. J] Am
Coll Cardiol 1993;21:1166-1174.

Kastrati A, Mehilli J, Pache J, et al. Analysis of 14 trials
comparing sirolimus-eluting stents with bare-metal stents.
N Engl J Med 2007;356:1030-1039.

Spaulding C, Daemen J, Boersma E, Cutlip DE, Serruys
PW. A pooled analysis of data comparing sirolimus-eluting
stents with bare-metal stents. N Engl J Med 2007;356:989-
997.

Serruys PW, Morice MC, Kappetein AP, et al. Percutaneous
coronary intervention versus coronary-artery bypass graft-
ing for severe coronary artery disease. N Engl J] Med 2009;
360:961-972.

Sousa JE, Costa MA, Abizaid AC, et al. Sustained sup-
pression of neointimal proliferation by sirolimus-eluting
stents: One-year angiographic and intravascular ultrasound
follow-up. Circulation 2001;104:2007-2011.

Morice MC, Serruys PW, Sousa JE, et al. A randomized
comparison of a sirolimus-eluting stent with a standard stent
for coronary revascularization. N Engl J Med 2002;346:
1773-1780.

Moses JW, Leon MB, Popma JJ, et al. Sirolimus-eluting
stents versus standard stents in patients with stenosis in a na-
tive coronary artery. N Engl ] Med 2003;349:1315-1323.
Grube E, Silber S, Hauptmann KE, et al. TAXUS I: six- and
twelve-month results from a randomized, double-blind trial
on a slow-release paclitaxel-eluting stent for de novo coro-
nary lesions. Circulation 2003;107:38-42.

Stone GW, Lansky AJ, Pocock SJ, et al. Paclitaxel-eluting
stents versus bare-metal stents in acute myocardial infarction.
N Engl J Med 2009;360:1946-1959.

Erglis A, Narbute I, Kumsars I, et al. A randomized compar-
ison of paclitaxel-eluting stents versus bare-metal stents for
treatment of unprotected left main coronary artery stenosis.
J Am Coll Cardiol 2007;50:491-497.

Morice MC, Colombo A, Meier B, et al. Sirolimus- vs pacli-
taxel-eluting stents in de novo coronary artery lesions: the
REALITY trial: a randomized controlled trial. JAMA 2006;
295:895-904.

Lee SW, Park SW, Kim YH, et al. A randomized comparison
of sirolimus- versus paclitaxel-eluting stent implantation in
patients with diabetes mellitus. ] Am Coll Cardiol 2008;52:
727-733.

W AEHE —
21. Schomig A, Dibra A, Windecker S, et al. A meta-analysis of

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

- 289 -

16 randomized trials of sirolimus-eluting stents versus pa-
clitaxel-eluting stents in patients with coronary artery
disease. J A Coll Cardiol 2007;50:1373-1380.

Stettler C, Wandel S, Allemann S, et al. Outcomes associated
with drug-eluting and bare-metal stents: a collaborative net-
work meta-analysis. Lancet 2007;370:937-948.

Kirtane AJ, Gupta A, Tyengar S, et al. Safety and efficacy of
drug-eluting and bare metal stents: Comprehensive meta-
analysis of randomized trials and observational studies. Cir-
culation 2009;119:3198-3206.

Wenaweser P, Daemen J, Zwahlen M, et al. Incidence and
correlates of drug-eluting stent thrombosis in routine clin-
ical practice. 4-year results from a large 2-institutional co-
hort study. ] Am Coll Cardiol 2008;52:1134-1140.

Roukoz H, Bavry AA, Sarkees ML, et al. Comprehensive
meta-analysis on drug-eluting stents versus bare-metal stents
during extended follow-up. Am J Med 2009;122:581.e1-¢10.
Stone GW, Moses JW, Ellis SG, et al. Safety and efficacy of
sirolimus- and paclitaxel-eluting coronary stents. N Engl J
Med 2007;356:998-1008.

Joner M, Nakazawa G, Finn AV, et al. Endothelial cell re-
covery between comparator polymer-based drug-eluting
stents. J Am Coll Cardiol 2008;52:333-342.

Kim JS, Jang IK, Kim JS, et al. Optical coherence tomog-
raphy evaluation of zotarolimus-eluting stents at 9-month
follow-up: Comparison with sirolimus-eluting stents. Heart
2009;95:1907-1912.

Virmani R, Guagliumi G, Farb A, et al. Localized hyper-
sensitivity and late coronary thrombosis secondary to a siro-
limus-eluting stent: should we be cautious? Circulation 2004;
109:701-705.

Fajadet J, Wijns W, Laarman GJ, et al. Randomized, double-
blind, multicenter study of the Endeavor zotarolimus-elut-
ing phosphorylcholine-encapsulated stent for treatment of
native coronary artery lesions: clinical and angiographic re-
sults of the ENDEAVOR 11 trial. Circulation 2006;114:798-
806.

Fajadet J, Wijns W, Laarman GJ, et al. Long-term follow-up
of the randomised controlled trial to evaluate the safety and
efficacy of the zotarolimus-eluting driver coronary stent in
de novo native coronary artery lesions: five year outcomes
in the ENDEAVOR 1I study. Eurolntervention 2010;6:562-
567.

Kandzari DE, Leon MB, Popma JJ, et al. Comparison of zo-
tarolimus-eluting and sirolimus-eluting stents in patients
with native coronary artery disease: a randomized controlled
trial. J Am Coll Cardiol 2006;48:2440-2447.

Leon MB, Mauri L, Popma JJ, et al. A randomized compar-
ison of the Endeavor zotarolimus-eluting stent versus the



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

— The Korean Journal of Medicine: Vol. 89, No. 3, 2015 —

TAXUS paclitaxel-eluting stent in de novo native coronary
lesions 12-month outcomes from the ENDEAVOR 1V trial.
J Am Coll Cardiol 2010;55:543-554.

Park DW, Kim YH, Yun SC, et al. Comparison of zotar-
olimus-eluting stents with sirolimus- and paclitaxel-eluting
stents for coronary revascularization: the ZEST (comparison
of the efficacy and safety of zotarolimus-eluting stent with
sirolimus-eluting and paclitaxel-eluting stent for coronary
lesions) randomized trial. ] Am Coll Cardiol 2010;56:1187-
1195.

Camenzind E, Wijns W, Mauri L, et al. Rationale and design
of the patient related outcomes with endeavor versus cypher
stenting trial (protect): Randomized controlled trial compar-
ing the incidence of stent thrombosis and clinical events af-
ter sirolimus or zotarolimus drug-eluting stent implantation.
Am Heart J 2009;158:902-909.¢5.

Serruys PW, Ruygrok P, Neuzner J, et al. A randomised
comparison of an everolimus-eluting coronary stent with a
paclitaxel-eluting coronary stent:the SPIRIT II trial. Euro-
Intervention 2006;2:286-294.

Stone GW, Midei M, Newman W, et al. Comparison of an
everolimus-eluting stent and a paclitaxel-eluting stent in
patients with coronary artery disease: a randomized trial.
JAMA 2008;299:1903-1913.

Stone GW, Rizvi A, Newman W, et al. Everolimus-eluting
versus paclitaxel-eluting stents in coronary artery disease. N
Engl J Med 2010;362:1663-1674.

Kedhi E, Joesoef KS, McFadden E, et al. Second-generation
everolimus-eluting and paclitaxel-eluting stents in real-life
practice (COMPARE): a randomised trial. Lancet 2010;375:
201-209.

Windecker S, Serruys PW, Wandel S, et al. Biolimus-eluting
stent with biodegradable polymer versus sirolimus-eluting
stent with durable polymer for coronary revascularisation
(LEADERS): a randomised non-inferiority trial. Lancet 2008;
372:1163-1173.

Stefanini GG, Kalesan B, Serruys PW, et al. Long-term clin-
ical outcomes of biodegradable polymer biolimus-eluting
stents versus durable polymer sirolimus-eluting stents in
patients with coronary artery disease (leaders): 4 year follow-
up of a randomised non-inferiority trial. Lancet 2011;378:
1940-1948.

Serruys PW, Luijten HE, Beatt KJ, et al. Incidence of reste-
nosis after successful coronary angioplasty: A time- related
phenomenon. A quantitative angiographic study in 342 con-
secutive patients at 1, 2, 3, and 4 months. Circulation 1988;
77:361-371.

Serruys PW, Ormiston JA, Onuma Y, et al. A bioabsorbable
everolimus-eluting coronary stent system (absorb): 2-year
outcomes and results from multiple imaging methods. Lancet

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

- 290 -

2009;373:897-910.

Nishio S, Kosuga K, Igaki K, et al. Long-term (>10 years)
clinical outcomes of first-in-human biodegradable poly-I-
lactic acid coronary stents: Igaki-tamai stents. Circulation
2012;125:2343-2353.

Erbel R, Di Mario C, Bartunek J, et al. Temporary scaffold-
ing of coronary arteries with bioabsorbable magnesium stents:
a prospective, non-randomised multicentre trial. Lancet 2007,
369:1869-1875.

Onuma Y, Serruys PW, Perkins LE, et al. Intracoronary opti-
cal coherence tomography and histology at 1 month and 2,
3, and 4 years after implantation of everolimus-eluting bio-
resorbable vascular scaffolds in a porcine coronary artery
model: An attempt to decipher the human optical coherence
tomography images in the absorb trial. Circulation 2010;
122:2288-2300.

Haude M, Erbel R, Erne P, et al. Safety and performance of
the drug-eluting absorbable metal scaffold (DREAMS) in
patients with de-novo coronary lesions: 12 month results of
the prospective, multicentre, first-in-man BIOSOLVE-I trial.
Lancet 2013;381:836-844.

Tanimoto S, Serruys PW, Thuesen L, et al. Comparison of
in vivo acute stent recoil between the bioabsorbable ever-
olimus-eluting coronary stent and the everolimus-eluting
cobalt chromium coronary stent: Insights from the absorb
and spirit trials. Catheter Cardiovasc Interv 2007;70:515-523.
Ormiston JA, Serruys PW, Regar E, et al. A bioabsorbable
everolimus-eluting coronary stent system for patients with
single de-novo coronary artery lesions (ABSORB): a pro-
spective open-label trial. Lancet 2008;371:899-907.
Ormiston JA, Serruys PW, Onuma Y, et al. First serial as-
sessment at 6 months and 2 years of the second generation
of absorb everolimus-cluting bioresorbable vascular scaf-
fold: a multi-imaging modality study. Circ Cardiovasc Interv
2012;5:620-632.

Simsek C, Karanasos A, Magro M, et al. Long-term invasive
follow-up of the everolimus-eluting bioresorbable vascular
scaffold: five-year results of multiple invasive imaging
modalities. Eurolntervention 2014 Oct 28. [Epub ahead of
print]

Serruys PW, Chevalier B, Dudek D, et al. A bioresorbable
everolimus-eluting scaffold versus a metallic everolimus-
eluting stent for ischaemic heart disease caused by de-novo
native coronary artery lesions (ABSORB II): an interim
1-year analysis of clinical and procedural secondary outcomes
from a randomised controlled trial. Lancet 2015;385:43-54.
Verheye S, Ormiston JA, Stewart J, et al. A next-generation
bioresorbable coronary scaffold system: from bench to first
clinical evaluation: 6- and 12-month clinical and multimodality
imaging results. JACC Cardiovasc Interv 2014;7:89-99.



