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• Sirolimus eluting stent implantation has been 
demonstrated to dramatically diminish in-stent
restenosis in elective patients with relatively 
simple coronary lesions.

• However, the impact of sirolimus eluting stent
for very long coronary lesions is not well 
documented.

Background
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• The present study was performed to evaluate the 
safety and efficacy of the sirolimus eluting stent
(CypherTM stent; Cordis) for very long coronary 
lesion.

• And it was compared with a control group 
composed of patients with long coronary lesions 
treated with long bare metal stents in the same 
period.

Objective
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• The treated vessels were of 2.5-4.0 mm in 
diameter with � 50% diameter stenosis, and 
had a lesion length � 24 mm that could be 
covered by a single stent or multiple stents
(total contiguous stent length � 28 mm).

Inclusion Criteria
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• Contraindication to antiplatelet agents
• Left main coronary artery stenosis
• Grafted lesions 
• In-stent restenotic lesions
• Primary angioplasty in AMI
• Left ventricular dysfunction (EF< 40%)
• An inability to follow the protocol

Exclusion Criteria



Cardiovascular Research Foundation ANGIOPLASTY SUMMIT

Enrollment
De-novo Lesions

(� 24mm)

March 2003 - February 2004

Cypher stent 
(� 28mm)

BMS stent 
(� 28mm)

338 patients, 424 lesions
Mean stent length : 41mm 

(28- 92 mm)

149 patients, 173 lesions
Mean stent length : 37mm 

(28 – 73 mm)

487 patients, 597 lesions
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Primary end point
The incidence of major adverse cardiac 
events including death, nonfatal MI, target 
lesion revascularization.

Secondary end point
The restenosis rate and late loss at 
angiographic follow-up

Study End Point
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• Data were collected with a standardized case-
report forms completed by the research 
coordinator at each site.

• All clinical events were monitored.
• Angiographic follow-up is being routinely 

performed at six months or earlier if a patient 
shows symptoms of recurrence. 

Follow Up
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Antiplatelet Regimens

• Aspirin indefinitely
• Clopidogrel

300 mg loading, before intervention 
75 mg maintenance, for 1 month 

Bare Metal Stent
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Cypher stent

Clopidogrel
75mg QD for 6 months
(300mg loading)

Clopidogrel
75mg QD for 6 months
(450mg loading)

Cilostazol
100mg BID for 1 month
(200mg loading)

Aspirin lifelongAspirin lifelong
Following 238 patientsInitial 100 patients

Antiplatelet Regimens
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Very long and LAD lesion from Very long and LAD lesion from ostiumostium

What a Big Changes ! What a Big Changes ! 
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Consecutive 4 Consecutive 4 CyphersCyphers
(Total(Total stentstent length 92 mm)length 92 mm)

2.5�33

3.0�23

2.5�18

3.5�18
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Can You Discriminate ? Can You Discriminate ? 

Post-intervention At 6-month
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Diabetic patients : 36%

0.00173 (49%)108 (32%)Smoking
0.10643 (29%)122 (36%)Diabetes mellitus
0.19431 (21%)91 (27%)Hypercholesterolemia
0.48879 (53%)193 (57%)Hypertension
0.614112

(75%)
243 (72%)Man

0.95060 1060 10Age (years)

P
value

Control
(n=149)

Cypher
(n=338)
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24
(16%)

34 (10%)Acute MI
55

(37%)
149 (44%)Unstable angina

70
(47%)

155 (46%)Stable angina
0.220Clinical diagnosis
0.2680 (0%)3 (2%)Prior CABG
0.32321

(14%)
37 (11%)Prior PCI

<0.00156 960 10LV ejection fraction (%)

P valueControl
(n=149)

Cypher
(n=338)

Unstable Angina : 44%
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53
(36%)

96 (28%)3 vessel
55

(37%)
124 (37%)2 vessel

41
(28%)

118 (35%)1 vessel

0.176No of diseased 
vessels

P
value

Control
(n=149)

Cypher
(n=338)

Multivessel disease : 70%
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<0.001Lesion location
72 (42%)259 (61%)LAD
25 (20%)59 (14%)LCX
53 (39%)110 (26%)RCA

0.10614 (8%)20 (5%)Infarct related artery
0.16622 (13%)38 (9%)Chronic total occlusion

P valueControl
(n=173)

Cypher
(n=424)

LAD : 61%
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<0.0011.06 0.141.11 0.16Balloon-to-artery ratio

<0.00144 (25%)196 (46%)Overlapping
0.00136.6 12.440.8 15.0Contiguous stent length (mm)

<0.0011.29 0.541.55 0.68Used No of stents

0.4927 (4%)11 (3%)Use of Abciximab
<0.00171 (41%)303 (72%)IVUS guidance

0.0083.41 0.513.31 0.38Maximal balloon size
<0.00111.7 3.315.4 3.6Maximal inflation pressure (atm)

P valueControl
(n=173)

Cypher
(n=424)

Overlapping : 46%



Cardiovascular Research Foundation ANGIOPLASTY SUMMIT

P valueP valueControlControl
(n=173)(n=173)

CypherCypher
(n=424)(n=424)

0.0120.01229.929.9 12.712.733.033.0 13.113.1Lesion length (mm)Lesion length (mm)

0.8980.89874.074.0 16.716.774.274.2 16.316.3DiameterDiameter stenosisstenosis (%), Pre(%), Pre
PostPost

0.1460.1460.780.78 0.520.520.720.72 0.460.46MLD (mm), MLD (mm), PrePre
PostPost

<0.001<0.0012.812.81 0.590.592.632.63 0.470.47Distal reference (mm)Distal reference (mm)
<0.001<0.0013.273.27 0.550.553.023.02 0.460.46Proximal reference (mm)Proximal reference (mm)

<0.001<0.0012.922.92 0.540.542.722.72 0.430.43

0.0220.0222.132.13 0.680.682.002.00 0.610.61Acute gainAcute gain
0.0620.0625.35.3 14.414.42.72.7 14.914.9

Pre and Post QCA data
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1.00000Stent thrombosis

1.00000TVR

18 (12%)29 (9%)Non-Q wave ***
00Q wave

1.0001 (0.7%) **0Death
0.05194.8%97.8%Procedural success *

1.00000TLR

0.22818 (12%)29 (9%)MI

P
value

Control
(n=149)

Cypher
(n=338)

* Final TIMI flow � 2 and residual diameter stenosis � 30%
** No reflow after multivessel PCI ,    *** CK-MB � 3 times normal value 

In-Hospital Outcomes
SAT : 0 %
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1.00000Sent thrombosis

1.00000TVR

00Non-Q wave
00Q wave

0.5191 (0.7%)1 (0.3%) *Death

1.00000TLR

1.00000MI
1 (0.7%)0Cardiac

01 (0.3%)Non-cardiac

P
value

Control
(n=149)

Cypher
(n=338)

* Due to intracranial hemorrhage, 5 days after intervention

30 days Outcomes
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Clinical follow-up in all patients (100%)
SES : 338 pts
BMS : 149 patients

Angiogrpahic follow-up (ongoing ….)
SES : 117 / 182 eligible lesions (63%)
BMS : 97 / 147 eligible lesions (66%)

6 months Outcomes
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1.00000Stent thrombosis

160Repeat PCI
21CABG

<0.00119 (15.0%)2 (1.1%)MACE

00Non-Q wave
00Q wave

1.0001 (0.8%)1 (0.6%) Death

<0.00118 (14.2%)1 (0.6%)TLR

1.00000MI
1 (0.8%)0Cardiac

01 (0.6%)Non-cardiac

P valueControl
(n=127)

Cypher
(n=162)

TLR : 0.6 %
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<0.001<0.00142 (43.3%)42 (43.3%)3 (2.6%)3 (2.6%)RestenosisRestenosis

0.1720.1723.643.64 0.450.453.003.00 0.490.49Proximal reference (mm)Proximal reference (mm)

<0.001<0.0011.451.45 0.720.720.310.31 0.570.57Late loss (mm)Late loss (mm)
<0.001<0.00148.048.0 22.222.29.39.3 17.417.4DiameterDiameter stenosisstenosis (%)(%)
<0.001<0.0011.531.53 0.760.762.542.54 0.530.53MLD (mm)MLD (mm)
0.2410.2412.692.69 0.580.582.602.60 0.430.43Distal reference (mm)Distal reference (mm)

P valueP valueControlControl
(n=97)(n=97)

CypherCypher
(n=117)(n=117)

Restenosis Rate : 2.6 %
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0.44

1.46

0.18 0.14
0.31

1.45

0.04 0.09

0.0

0.5

1.0

1.5

2.0

In-segment Proximal edge In-stent Distal edge

SES (n=117) BMS (n=97)

P=0.334

P<0.001

P=0.417

mm

P<0.001

Late Loss
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2.6

43.3

0
7.2

2.6

42.3

0

10.3

0

10

20

30

40

50

In-segment Proximal edge In-stent Distal edge

SES (n=117) BMS (n=97)

P<0.001 P<0.001

P=0.002P=0.002

%

Restenosis Rate
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100

26.2

0

54.8

0 11.9
0 7.10

20

40

60

80

100

Focal Diffuse Proliferative Total

SES (n=3) BMS (n=42)%

LAD  23 x 18,  Focal, distal instent 54%
LCX  28 x 23,  Focal, distal instent 56%
RCA, 33 x 23,  Focal, overlapping area 82%

3 Restenosis : Focal, In-Stent 
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Subgroup AnalysisSubgroup Analysis
“Long Cypher”
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Restenosis Rate in DM : 3.3 %

3.3

54.8

0 6.5 3.3

54.8

0
9.7

0

10

20

30

40

50

60

In-segment Proximal edge In-stent Distal edge

SES (n=30) BMS (n=31)

P<0.001 P<0.001
P=0.238

P=0.492

%
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Restenosis Rate in LAD : 1.4 %

1.4

38.5

0

10.3

1.4

38.5

0

10.3

0

10

20

30

40

50

In-segment Proximal edge In-stent Distal edge

SES (n=73) BMS (n=39)

P<0.001 P<0.001
P=0.013P=0.013

%
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1.8

40

0
6.7 1.8

37.8

0
6.7

0

10

20

30

40

50

In-segment Proximal edge In-stent Distal edge

SES (n=55) BMS (n=45)

P<0.001 P<0.001

P=0.088P=0.088

%

Restenosis Rate in 
Acute Coronary Syndrome : 1.8 %
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3.9

59

0
10

3.9

54

0

14

0

10

20

30

40

50

60

In-segment Proximal edge In-stent Distal edge

SES (n=76) BMS (n=50)

P<0.001 P<0.001

P=0.001
P=0.009

%

Restenosis Rate in 
Small Vessel (<3.0mm) : 3.9 %
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3.9

54

0

37

0

25

0

10

20

30

40

50

60

<3.0 3.0-3.5 >3.5

SES BMS 

P<0.001

P<0.001

%

P=0.544

Restenosis Rate According to
Reference Diameter 
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1.8

35.0

3.6

50.0

0

10

20

30

40

50

Overlap site Non-overlap site

SES (n=56) BMS (n=20)

P<0.001
P<0.001

%

Restenosis Rate According to
Stent Overlap : 1.8 %
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5.3

54.2

0

39.7

0

10

20

30

40

50

60

Multiple stent Single stent

SES BMS 

P<0.001 P<0.001

%

Restenosis Rate According to
Multiple Stenting : 5.3 %
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Overall 2.7 46.8 <0.0001

Male 2.8 47.0
Female 4.3 46.2 0.0120

Diabetes 3.4 60.0 0.0001

No Diabetes 2.5 40.7
LAD 1.5 43.3
Non-LAD 4.8 49.0
Small Vessel (<2.75) 2.9 72.0
Large Vessel 2.7 35.2

2.0 42.5 0.0001

Non ACS 3.4 51.3
Overlap 5.4 55.0
No Overlap 0 44.1

Hazards Ratio 95% CI
1.00.90.80.70.60.50.40.30.20.10 0.70.80.9

SES BMS P-value

ACS

<0.0001

<0.0001

<0.0001

<0.0001
<0.0001

<0.0001

<0.0001
<0.0001

<0.0001

Angiographic Restenosis : “Cypher Better”
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IVUS AnalysisIVUS Analysis
“Long Cypher”

Pre, Post-PCI and 
6-month follow-up
in 67 lesions



Cardiovascular Research Foundation ANGIOPLASTY SUMMIT

13 (19%)Plaque rupture
24 (36%)Lipid-pool like image

0Thrombi
67 lesionsN

Vulnerable plaques were frequently seen Vulnerable plaques were frequently seen 
(55%) in long coronary lesions.(55%) in long coronary lesions.

“Long Cypher” IVUS
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37.9 10.6Plaque burden (%)

27.9 6.7Plaque burden (%)

9.4 3.3EEM CSA (mm2)

15.4 3.6EEM CSA (mm2)
9.6 3.0Lumen CSA (mm2)

Proximal reference (mm2)

6.8 2.5Lumen CSA (mm2)

Distal reference

AngiographicallyAngiographically normal reference vessels normal reference vessels 
actually had 28 actually had 28 -- 38% plaque burden when seen 38% plaque burden when seen 
by IVUSby IVUS
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Post-Stent CSA

67 lesionsN

6.8 2.5Stent CSA
9.4 3.3EEM CSA

Stent (mm2)

“Long Cypher” IVUS
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Stent Edge Analysis 
by IVUS

Stent Edge Analysis 
by IVUS

“Long Cypher”



Cardiovascular Research Foundation ANGIOPLASTY SUMMIT

15.43 15.46

12.93
13.69

9.42 9.39

8

10

12

14

16

Proximal
Edge

In-Stent Distal Edge

Post-intervention Follow-Up

P=0.002

P<0.001
P=0.005

mm2

Positive vascular remodelingPositive vascular remodeling occurred in the occurred in the 
proximal edge and the proximal edge and the stentedstented segmentsegment……

Changes of EEM Area
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5.82 5.85

7.16

8.69

1.11 1.11

0

2

4

6

8

10

Proximal Edge In-Stent Distal Edge

Post-intervention Follow-Up

P=0.341

P<0.001

P=0.153

mm2

Plaque and media areaPlaque and media area increased in the increased in the stentedstented
segment,segment,

Changes of P & M Area
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9.61 9.62

5.77

5.01

6.78 6.76

4

6

8

10

12

Proximal Edge In-Stent Distal Edge

Post-intervention Follow-Up

P=0.876

P<0.001

P=0.219

Lumen area was decreased only in stented 
segment…

mm2

13% reduction

Changes of Lumen Area
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0.02 0.02

0.00

0.66

1.55

-0.82

-0.03

-0.01

-0.03

-2

-1

0

1

2

Proximal Edge  In-Stent Worst Distal Edge 

EEM P & M Lumen
mm2

Area changes at 6 months F/U

No edge effectNo edge effect occurred in both occurred in both stentstent edgesedges
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Area Change of Overlap Site

12.93 13.55

6.87
8.25

6.07
5.30

0

5

10

15

EEM P+M Lumen

Post-intervention Follow-Up

P<0.001

mm2

P<0.001

P<0.001

Total 29 available lesions
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0.66 0.73
1.55 1.65

-0.82 -0.99

-2.0
-1.5
-1.0
-0.5
0.0
0.5
1.0
1.5
2.0

EEM P+M Lumen

Worst site in non-overlap
Worst site in overlap

mm2

P=0.608

P=0.361
P=0.689

Area changes at 6 months F/U

StentStent--overlapoverlap did not show any differencedid not show any difference
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LateLate Stent MalappositionStent Malapposition
(22%, 15/67 lesions) was not infrequently (22%, 15/67 lesions) was not infrequently 
detected after long detected after long CypherCypher implantation at implantation at 
6 month F/U IVUS study.6 month F/U IVUS study.

“Long Cypher” IVUS
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•• Compared with BMS, SES were more Compared with BMS, SES were more 
preferred in lesions at a high risk of preferred in lesions at a high risk of 
restenosisrestenosis, such as LAD lesions and very , such as LAD lesions and very 
long lesions with small diameter.long lesions with small diameter.

Conclusions

“ Long Cypher ”
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•• SES implantation for very long coronary lesions SES implantation for very long coronary lesions 
waswas safe with excellent early outcomessafe with excellent early outcomes

•• Compared with BMS, SES remarkably Compared with BMS, SES remarkably reducedreduced
inin--stentstent neointimalneointimal formation and formation and restenosisrestenosis
and improved 6and improved 6--month clinical outcome in month clinical outcome in 
patients with very long de novo coronary lesions.patients with very long de novo coronary lesions.

Conclusions

“ Long Cypher ”
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• Edge restenosis found in lesions with BMS 
implantation was not observed in lesions with any 
SES implantation at 6-month angiographic F/U.

• Stent-overlap did not increase adverse clinical 
outcomes or restenosis rate in SES implantation.

• The superiority of SES over BMS was consistently 
observed in all subgroups. 

Conclusions

“ Long Cypher ”


