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Drug Eluting Stent

BMSBMS DESDESPTCAPTCA

RSRS 30~40% 30~40% 15~30% 15~30% 0~9%0~9%

DES: Very promising, DES: Very promising, NOTNOT perfect !perfect !



Autopsy Findings Died of Stroke After Autopsy Findings Died of Stroke After 
BMS and DESBMS and DES

RCA - Bare metal stent
(24 months)

LAD - Sirolimus eluting stent
(16 months)

LAD - Thrombosis



Delayed Delayed EndothelizationEndothelization and Platelet and Platelet 
Deposition in DESDeposition in DES

High power SEMHigh power SEM

RCA -Bare metal stent
: Confluent endothelial 
cells and few platelets

LAD-Sirolimus eluting stent
: Non-confluent endothelial cells
and multiple platelet thrombi



Late Late StentStent Thrombosis in DES After Thrombosis in DES After 
Discontinuation of AntiDiscontinuation of Anti--platelet Therapy platelet Therapy 

ThoraxcenterThoraxcenter. Lancet 2004;364:1519. Lancet 2004;364:1519--2121

After Discontinuation
of  Anti-platelet Therapy
At 343 Days after TAXUS

After Discontinuation
of  Anti-platelet Therapy
At 335 Days after CYPHER



DES: DES: Things We Should OvercomeThings We Should Overcome……

• Stent thrombosis - early or late
• Polymer-mediated inflammation
• Local hypersensitivity of Drug
• Availability of coating methods
• In specific lesion 

such as ISR, bifurcated lesion, CTO, DM, 
SVG, diffuse long lesion ….



1. Bare Metal . Bare Metal StentStent
MAC MAC stentstent, Freedom , Freedom stentstent, , ArthosArthos (Carbon coated) (Carbon coated) stentstent
PICO (CoPICO (Co--Cr) Cr) stentstent, Core , Core stentstent

2. Radioactive (Ho2. Radioactive (Ho--166) 166) stentstent
3. Drug3. Drug--eluting eluting stentstent

Heparin Heparin stentstent, , PaclitaxelPaclitaxel eluting on Carbon eluting on Carbon stentstent
ReoProReoPro®® stentstent, Anti, Anti--oxidant (oxidant (carvedilolcarvedilol) eluting ) eluting BiodyVisioBiodyVisio stentstent
EchinomycinEchinomycin--heparin double coating on Coheparin double coating on Co--Cr Cr stentstent
PhospholipidPhospholipid coating biocompatible coating biocompatible stentstent

4. Gene4. Gene--coated coated stentstent
Natural polymer (LMWSC)Natural polymer (LMWSC)--mediated gene coating mediated gene coating stentstent

Animal and Clinical Experiences of New Animal and Clinical Experiences of New 
Coronary Coronary StentsStents



Platelet activation and aggregationPlatelet activation and aggregation
-- induces arterial thrombosisinduces arterial thrombosis
-- play a pivotal role in the play a pivotal role in the pathophysiologypathophysiology of ACS of ACS 
IInhibitors of platelet glycoprotein nhibitors of platelet glycoprotein IIb/IIIaIIb/IIIa receptorreceptor
-- has expanded the therapeutic options for treating has expanded the therapeutic options for treating 
thromboticthrombotic disordersdisorders

AbciximabAbciximab
-- a potent inhibitor that block final pathway of  a potent inhibitor that block final pathway of  
platelet aggregationplatelet aggregation

-- decreases shortdecreases short-- and longand long--term event rates after term event rates after 
percutaneouspercutaneous coronary intervention coronary intervention 

Platelet GP Platelet GP IIb/IIIaIIb/IIIa InhibitorInhibitor
AbciximabAbciximab ((ReoProReoPro®®))



♦♦ AbciximabAbciximab
-- similar receptor binding affinity for the similar receptor binding affinity for the vitronectinvitronectin receptor receptor 
present on smooth muscle cells, endothelial cells, platelepresent on smooth muscle cells, endothelial cells, platelets  ts  

♦♦ VitronectinVitronectin receptor blockadereceptor blockade
-- may inhibit smooth muscle cell migration and proliferationmay inhibit smooth muscle cell migration and proliferation
after acute arterial vessel injury.after acute arterial vessel injury.

♦♦ CD11b/18 or macrophageCD11b/18 or macrophage--1 receptor1 receptor present on present on neutrophilsneutrophils
and and monocytemonocyte
-- modulates whitemodulates white--cell adhesion, whitecell adhesion, white--cellcell--platelet interactions, platelet interactions, 
and the inflammatory response to vessel injuryand the inflammatory response to vessel injury

-- MACMAC--1 receptor is 1 receptor is upregulatedupregulated after PCI and is inhibited by after PCI and is inhibited by 
abciximababciximab

Platelet GP Platelet GP IIb/IIIaIIb/IIIa InhibitorInhibitor
AbciximabAbciximab ((ReoProReoPro®®))



Arterial injuryArterial injury

Thrombus (Platelets)Thrombus (Platelets) Inflammation (Macrophage)Inflammation (Macrophage)

Growth factors & cytokinesGrowth factors & cytokines

SMC receptorSMC receptor

Smooth Smooth 
muscle muscle 

cell (SMC)cell (SMC)

Cell proliferationCell proliferation NeointimalNeointimal formationformation

Signal Signal 
transductiontransduction

GG00 GG11

SS

GG22

MM

Cell cycleCell cycle

Sirolimus

PaclitaxelPaclitaxel

Therapeutic Mechanisms  Therapeutic Mechanisms  

ReoProReoPro®®



Expected Clinical ImplicationsExpected Clinical Implications
of of AbciximabAbciximab ((ReoProReoPro®®))--coated coated StentStent

Effective in Thrombus Burden Lesion

Possible short course of anti-platelets

Cost effective and safer than Cypher or TAXUS

Reduce restenosis rate in diabetes



StentStent surface surface coated
Plasma polymerization  
Amine coatingAmine coating

((DiaminocyclohexaneDiaminocyclohexane))
StentStent ReoProReoPro®® Grafting Grafting 

Amine and COOHAmine and COOH
The weight of ReoPro®

about 90 µg 
The thickness of coating  

about 0.5 - 2 µm

Scanning Electron Microscopy of ReoPro®® Stent

1 X 30                                   1 X 5001 X 30                                   1 X 500

1 X 5,000                              1 X20,0001 X 5,000                              1 X20,000



SEM of ReoPro® Grafting after Washing Test 

Stent surface of ReoPro® grafting; immediately(A), 5 hours(B), 
2 weeks(C), 4 weeks(D) after washing test. Magnification 250×

BA

C D



In vitro Screening of ReoPro® Release from Stent

Upper panel revealed absorbance in concentration of control drug

A B



ReoProReoPro®®--coated coated StentStent in A Porcine in A Porcine StentStent
RestenosisRestenosis ModelModel

Bare 
Stent
Bare 
Stent

ReoPro®
Stent

ReoPro®
Stent

No thrombus and small area of No thrombus and small area of neointimaneointima in the in the ReoProReoPro®®--
coated coated stentstent

CNUH Data. Circulation 2000;102:IICNUH Data. Circulation 2000;102:II--666666



HistopathologicHistopathologic Assessment of Porcine Assessment of Porcine StentStent
RestenosisRestenosis ModelModel

ControlControl ReoproReopro
Injury scoreInjury score 2.07 ±± 0.6 2.14 ±± 0.8

EEL area (mmEEL area (mm22)) 9.66 ±± 1.5 9.44 ±± 1.0

IEL area (mmIEL area (mm22)) 6.88 ±± 0.9 6.83 ±± 0.7

Lumen area (mmLumen area (mm22)) 3.59 ±± 1.4 4.77 ±± 1.4

Media area (mmMedia area (mm22)) 2.77 ±± 1.2 2.62 ±± 0.9

NeointimaNeointima area (mmarea (mm22)) 3.29 ±± 1.2 2.02 ±± 1.0 

NeointimaNeointima/Media ratio (%)/Media ratio (%) 1.35 ±± 0.7 0.82 ±± 0.4

48.1 ±± 17 30.5 ±± 16Percent Percent stenosisstenosis area(mmarea(mm22))

NS

NS

NS

0.04

NS

0.01

0.02

0.01

P valueP value

PCNA index (%)PCNA index (%) 4.22 ±± 2.1 2.48 ±± 1.8 0.040.04



PatientsPatients
de novo, nativede novo, native
coronary arterycoronary artery

Randomized

AbciximabAbciximab--coatedcoated
StentStent (n = 43) (n = 43) 

Uncoated Uncoated 
StentStent (n = 42) (n = 42) 

Primary Endpoint
- Late loss and area stenosis measured by QCA
- Lumen and NIH CSA by IVUS at 6 months
- MACE at 1 year

AbciximabAbciximab--Coated Coated StentStent
IVUS Study IVUS Study 



Baseline Clinical CharacteristicsBaseline Clinical Characteristics

0.9940.9946363±±12126363±±1010LV EF (%)LV EF (%)
1.0001.0000 (0%)0 (0%)0 (0%)0 (0%)Prior bypass surgeryPrior bypass surgery
0.6130.61323 (55%)23 (55%)25 (58%)25 (58%)SmokingSmoking
0.6280.62814 (33%)14 (33%)16 (37%)16 (37%)DyslipidemiaDyslipidemia
0.8950.89522 (52%)22 (52%)22 (51%)22 (51%)HypertensionHypertension
0.2560.2567 (17%)7 (17%)10 (23%)10 (23%)Diabetes mellitusDiabetes mellitus
0.5440.54433 (79%)33 (79%)36 (84%)36 (84%)MenMen
0.5840.5845757±±11115656±±1010Age (years)Age (years)

p valuep valueControl Control stentstent
(n=42)(n=42)

AbciximabAbciximab
stentstent

(n=43)(n=43)
VariableVariable



Coronary Angiographic FindingsCoronary Angiographic Findings

1 (2%)1 (2%)1 (2%)1 (2%)CC
9 (21%)9 (21%)4 (9%)4 (9%)BB22

32 (76%)32 (76%)38 (88%)38 (88%)BB11

0.1170.117ACC/AHA typeACC/AHA type
9 (21%)9 (21%)11 (26%)11 (26%)Right coronary arteryRight coronary artery
6 (14%)6 (14%)7 (16%)7 (16%)Left circumflex arteryLeft circumflex artery

27 (64%)27 (64%)25 (58%)25 (58%)Left anterior descending arteryLeft anterior descending artery
0.7040.704Target coronary arteriesTarget coronary arteries

0 (0%)0 (0%)0 (0%)0 (0%)33
6 (14%)6 (14%)3 (7%)3 (7%)22

36 (86%)36 (86%)40 (93%)40 (93%)11
0.2740.274Narrowed coronary arteriesNarrowed coronary arteries

p p 
valuevalue

Control Control stentstent
(n=42)(n=42)

AbciximabAbciximab
stentstent

(n=43)(n=43)
VariableVariable



Coronary Coronary StentingStenting

0 (0%)0 (0%)1 (2%)1 (2%)22

42 (100%)42 (100%)42 (98%)42 (98%)11

0.3200.320Number of Number of stentsstents

0.4320.43217.517.5±±4.44.417.117.1±±1.11.1StentStent length (mm)length (mm)

0.5640.5643.283.28±±0.430.433.323.32±±0.350.35StentStent size (mm)size (mm)

p valuep valueControl Control stentstent
(n=42)(n=42)

AbciximabAbciximab stentstent
(n=43)(n=43)VariableVariable



PreinterventionPreintervention Lesion SiteLesion Site
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PreinterventionPreintervention Plaque BurdenPlaque Burden
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ISR At 6ISR At 6--Month F/UMonth F/U
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66--Month F/U Diameter Month F/U Diameter StenosisStenosis
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66--Month F/U Late LossMonth F/U Late Loss

0.35

0.89

0
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Late Loss

Abciximab
Control
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P=0.004P=0.004



66--Month F/U Lumen and NIH CSAMonth F/U Lumen and NIH CSA
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Change of Lumen Area
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Am J Am J CardiolCardiol 2004;94:10502004;94:1050--44



Patients (n=100)Patients (n=100)
de novode novo

AMI PatientsAMI Patients

Randomized

AbciximabAbciximab--coatedcoated
StentStent (n = 37) (n = 37) 

Uncoated Uncoated 
StentStent (n = 34) (n = 34) 

Primary Endpoint
- Late loss and area stenosis measured by QCA
- Lumen and NIH CSA by IVUS at 6 months
- MACE at 1 year

AbciximabAbciximab--Coated Coated StentStent
AMI Study : OngoingAMI Study : Ongoing



Baseline Clinical Characteristics

0.4512 (5.9)4 (10.8)Family history (%)

0.9521 (2.9)1 (2.7)Previous PCI

0.70215(44.1)18(48.6)HT (%)
0.91920 (58.8)22 (59.5)Smoking (%)

0.48957.1±11.958.9±9.6LV EF after PCI (%)

25 (73.5)28 (75.7)ST elevation MI
9 (26.5)9 (24.3)Non-ST elevation MI

0.836Clinical Diagnosis(%)

0.2758 (23.5)5 (13.5)Diabetes mellitus (%)
0.62311 (32.4)10 (27.0)Hypercholesterolemia (%)

0.62229(85.3)33(89.2)Male (%)
0.55856.1±11.954.4±11.3Age (yr)

PControl (n=34)ReoPro (n=37)



Coronary Angiographic Characteristics (I)

4(11.8)3 (8.1)TIMI flow 0

20 (58.8)19(51.4)TIMI flow 3
10 (29.4)14(37.8) TIMI flow 2

0(0.0)1(2.7)TIMI flow 1

0.239TIMI flow (%)
8(23.5)5(13.5)Type B2
26(76.5)32(86.5)Type B1

0.275ACC/AHA classification (%)
5(14.7)5(13.5)LCX
24(70.6)19(51.4)LAD
5(14.7)13(35.1)RCA 

0.126Diseased vessels (%)
PControl (n=34)ReoPro (n=37)



Coronary Angiographic Characteristics (II)

PControl (n=34)ReoPro (n=37)

0.2993.30±0.383.40±0.38Stent size

0.21918.1±3.9717.2±1.57Stent length(mm)

3(8.8)3(8.1)Acute closure  

31(91.2)34(91.9)Elective and suboptimal

0.545Stent indication (%)



In-hospital Clinical Outcome 

PControl (n=34)ReoPro (n=37)

1.00(0.0)0(0.0)Emergent bypass surgery

1.00(0.0) 0(0.0)Emergent revascularization

0.4791(2.9) 0(0.0)Acute myocardial infarction

1.00(0.0)0(0.0)Cardiac death

Major adverse cardiac event (%) 

1.034 (100)37 (100)Success rate (%)



Quantitative Coronary Angiographic Results

0.7310.73114.4±1.815.5±1.7Lesion length(mm)Lesion length(mm)

0.4710.4713.05±0.273.01±0.39Reference diameter(mm)Reference diameter(mm)

PPControl (n=34)Control (n=34)ReoPro(nReoPro(n=37)=37)

0.0060.89±0.420.39±0.28Late loss (mm)Late loss (mm)

0.01135.4±6.018.7±5.4F/U Diameter F/U Diameter stenosisstenosis (%)(%)

0.0440.04410/25(40.0)10/25(40.0)5/31(16.1)5/31(16.1)RestenosisRestenosis rate (%)rate (%)

0.4470.44725(73.5)25(73.5)31(83.7)31(83.7)FollowFollow--up CAG number(%)up CAG number(%)



PPControl (n=34)Control (n=34)ReoProReoPro (n=37)(n=37)

0.0450.04511(32.3)11(32.3)5(13.5)5(13.5)Total followTotal follow--up MACEup MACE

0.3340.33433(97.1)33(97.1)34(91.9)34(91.9)Clinical followClinical follow--up number(%)up number(%)

1.001.000(0.0)0(0.0)0(0.0)0(0.0)CABGCABG

0.1690.1699(26.5)9(26.5)5(13.5)5(13.5)TLRTLR

0.2260.2262(5.9)2(5.9)0(0.0)0(0.0)AMIAMI
1.001.000(0.0)0(0.0)0(0.0)0(0.0)Cardiac deathCardiac death

Long-term Clinical Results



A B C

CAG and IVUS Finding of ReoPro®-Coated Stent
In A Patient with Acute Inferior STEMI 

Before PCI PCI with ReoPro® Stent 6 M F/U CAG and IVUS



A A ReoProReoPro®®--coated coronary coated coronary stentstent is safe and is safe and 
effective in the prevention of coronary effective in the prevention of coronary stentstent
restenosisrestenosis without thrombus formation in AMI

ConclusionConclusion


