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Late Late StentStent Thrombosis Thrombosis -- CypherCypher

•• 57 57 yoyo WM with ACSWM with ACS
•• 3 mm X 23 mm 3 mm X 23 mm 

CypherCypher without without 
complicationscomplications

•• 6 6 mosmos of ASA + of ASA + 
PlavixPlavix

•• 6 days after stopping 6 days after stopping 
PlavixPlavix, sudden onset , sudden onset 
CP and evolving CP and evolving 
acute anterior MIacute anterior MI

•• StentStent thrombosis at thrombosis at 
proximal proximal stentstent sitesite



The Four Qestions…The Four The Four QestionsQestions……

SES Real World: Safety Concerns?SES Real World: Safety Concerns?

Is there an increase in Is there an increase in stentstent thrombosis with thrombosis with 
SES vs. BMS (ARC definitions, SES vs. BMS (ARC definitions, continouscontinous hazard,hazard,
and causes)?and causes)?

Is there an increase in death (and MI) with SESIs there an increase in death (and MI) with SES
vs. BMS (onvs. BMS (on--label vs. offlabel vs. off--label, diabetics)?label, diabetics)?

Should the antiShould the anti--platelet therapy be adjusted due platelet therapy be adjusted due 
to SES to SES stentstent thrombosis considerations?thrombosis considerations?

Should SES use be modified in response toShould SES use be modified in response to
safety concerns? safety concerns? 
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1. Schatz et al. Circulation.1991;83:148; 2. Fischman et al. N Engl J Med. 1994;331496; 3. Colombo et 
al. Circulation.1995;91:1676; 4. Schömig et al.Circulation.1994,90:2716; 5. Leon et al. N Engl J Med. 
1998;339:1665; 6. Joner et al. J Am Coll Cardiol. 2006;48:193.

90% of ST < 30 days90% of ST < 30 days



Late DES thrombosis afterLate DES thrombosis after
discontinuation of antiplatelet therapydiscontinuation of antiplatelet therapy

DayDay 40040020020010010000 500500300300

CYPHERCYPHER

TAXUSTAXUS

335335 343343 375375 442442

McFadden EP et al. Lancet 2004; 364:1519McFadden EP et al. Lancet 2004; 364:1519––2121

Usually associated 
with minor 

surgical procedures!



2229 patients after successful DES implantation 2229 patients after successful DES implantation 

PESPES
1167 pts1167 pts

2223 2223 stentsstents

SATSAT
4 (0.4%)4 (0.4%)

SATSAT
10 (0.9%)10 (0.9%)

LSTLST
5 (0.5%)5 (0.5%)

LSTLST
10 (0.9%)10 (0.9%)

Total SESTotal SES
9 (0.9%) 9 (0.9%) 

Total PESTotal PES
20 (1.7%)20 (1.7%)

9.3 9.3 ±± 5.6 months 5.6 months 
Total DES 29/2229 Total DES 29/2229 (1.3%)(1.3%)

P=0.5P=0.5

P=0.3P=0.3

P=0.09P=0.09

10.2 10.2 ±± 4.44.4 mm 7.9 7.9 ±± 3.63.6 mm

StentStent Thrombosis after DESThrombosis after DES

SESSES
1062 pts 1062 pts 

2272 2272 stentsstents

Iakovou I et al. JAMA 2005;293:2126Iakovou I et al. JAMA 2005;293:2126--21302130
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Milan/Siegburg ExperienceMilan/Siegburg Experience
Stent thrombosis after DES (SES or PES) occurred Stent thrombosis after DES (SES or PES) occurred 

in 29/2229 pts (1.3%) at 9in 29/2229 pts (1.3%) at 9 mosmos (45% mortality)(45% mortality)

CentroCentro
CuoreCuore
ColumbusColumbus

1.3% 2.0% 2.6% 3.2% 3.5%
5.5%

29%

8.7%

UnstableUnstable
anginaangina

PriorPrior
brachyRxbrachyRx

ThrombusThrombus DiabetesDiabetes UnprotUnprot..
left mainleft main

BifurcationBifurcation RenalRenal
failurefailure

PrematurePremature
Plavix Plavix d/cd/c

Several patient and lesion Several patient and lesion 
subgroups have an subgroups have an 

unacceptably high stent unacceptably high stent 
thrombosis rate! thrombosis rate! 

Iakovou I et al. JAMA 2005;293:2126Iakovou I et al. JAMA 2005;293:2126--21302130



Cypher RCT MetaCypher RCT Meta--analyses analyses 

0.4%0.4%

0.0%0.0% 0.2%0.2% 0.4%0.4% 0.6%0.6% 0.8%0.8% 1.0%1.0% 1.2%1.2% 1.4%1.4%

BMSBMS

SESSES

N=1748 patientsN=1748 patients

Combined Stent Thrombosis*Combined Stent Thrombosis*

*    *    RAVEL, SIRIUS, ERAVEL, SIRIUS, E--SIRIUS, CSIRIUS, C--SIRIUSSIRIUS

<= 30 days<= 30 days

0.5%0.5%

1 1 -- 12 12 mosmos 11--4 yrs4 yrs
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Cypher RCT MetaCypher RCT Meta--analyses analyses 
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P value on ST after 12 months = 0.025P value on ST after 12 months = 0.025
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ExpandedExpanded StentStent Thrombosis DefinitionThrombosis Definition

TimingTiming

>24 hrs >24 hrs –– 30 days post30 days postSubSub--acute Thrombosis*:acute Thrombosis*:
30 days 30 days –– 1 year post1 year postLate Thrombosis:Late Thrombosis:

Very Late Thrombosis:Very Late Thrombosis:

Acute Thrombosis*:Acute Thrombosis*:

> 1 year post> 1 year post

0 0 –– 24 hrs. post24 hrs. post

1. Definite/Confirmed
2. Probable
3. Possible

1.1. Definite/ConfirmedDefinite/Confirmed
2.2. ProbableProbable
3.3. PossiblePossible

* * Acute/SubAcute/Sub--acute can also acute can also 
be replaced by early be replaced by early stentstent
thrombosis. Early thrombosis. Early stentstent
thrombosis = 0thrombosis = 0--30 days.  30 days.  



ExpandedExpanded StentStent Thrombosis DefinitionThrombosis Definition

1.1. TIMI flow is: TIMI flow is: 
a.a. Grade 0 with occlusion originating in the Grade 0 with occlusion originating in the stentstent or segment 5mm or segment 5mm 

proximal or distal to the proximal or distal to the stentstent region in the presence of thrombusregion in the presence of thrombus
b.b. Grade 1, 2, 3 originating in the Grade 1, 2, 3 originating in the stentstent or in the segment 5mm or in the segment 5mm 

proximal or distal to the proximal or distal to the stentstent region in the presence of thrombusregion in the presence of thrombus

1.Definite/Confirmed1.Definite/Confirmed
Angiographic confirmedAngiographic confirmed stentstent thrombosis (definite)thrombosis (definite) is is 
considered to have occurred if:considered to have occurred if:

ANDAND at least one of the following criteria within 48 hrs:at least one of the following criteria within 48 hrs:
2.2. New onset of ischemic symptoms at rest (typical chest pain with New onset of ischemic symptoms at rest (typical chest pain with 

duration >20 minutes)duration >20 minutes)
3.3. New ischemic ECG changes suggestive of acute ischemiaNew ischemic ECG changes suggestive of acute ischemia
4.4. Typical rise and fall in cardiac biomarkers (>2x ULN of CK)Typical rise and fall in cardiac biomarkers (>2x ULN of CK)

The incidental angiographic documentation of The incidental angiographic documentation of stentstent occlusion in the absence of clinical syndromes occlusion in the absence of clinical syndromes 
is not considered a confirmed is not considered a confirmed stentstent thrombosis (silent thrombosis).thrombosis (silent thrombosis).



ExpandedExpanded StentStent Thrombosis DefinitionThrombosis Definition

1.1. Any unexplained death within the first 30 days.Any unexplained death within the first 30 days.
2.2. Irrespective of the time after the index procedure, any MI Irrespective of the time after the index procedure, any MI 

in the absence of any obvious cause which is related to in the absence of any obvious cause which is related to 
documented acute ischemia in the territory of the documented acute ischemia in the territory of the 
implanted implanted stentstent without angiographic confirmation of without angiographic confirmation of 
stentstent thrombosis. thrombosis. 

2. Probable2. Probable
Probable Probable stentstent thrombosisthrombosis is considered to have occurred is considered to have occurred 
in the following cases:in the following cases:

3. Possible3. Possible
Possible Possible stentstent thrombosisthrombosis is considered to have occurred is considered to have occurred 
with any unexplained death beyond 30 days.with any unexplained death beyond 30 days.



1.7% (15)1.7% (15)

1.4% (12)1.4% (12)

0.5% (4)0.5% (4)

0.9% (8)0.9% (8)

0.3% (3)0.3% (3)

BMSBMS
N=870 N=870 

PatientsPatients

All ThrombosisAll Thrombosis

Late + Very LateLate + Very Late

Summary:Summary:

Very Late (361Very Late (361--1440)1440)

Late (31Late (31--360 days)360 days)

Early (0Early (0--30 days)30 days)

ThrombosisThrombosis

0.50430.50431.1% (9)1.1% (9)

0.00980.00980.2% (2)0.2% (2)

0.36320.36320.9% (7)0.9% (7)

0.69850.69851.5% (13)1.5% (13)

0.47020.47020.5% (4)0.5% (4)
P Value*P Value*

CYPHERCYPHER
N=878 N=878 

PatientsPatients

* * Log Rank (exact) Test PLog Rank (exact) Test P--valuevalue

Data from 4 pooled RCT: SIRIUS, E and C SIRIUS and RAVELData from 4 pooled RCT: SIRIUS, E and C SIRIUS and RAVEL

CYPHER RCT CYPHER RCT StentStent ThrombosisThrombosis
4 yr Follow4 yr Follow--up: up: Expanded DefinitionExpanded Definition

definite + probabledefinite + probable
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Why the difference?Why the difference?

The protocol definitions of The protocol definitions of stentstent thrombosis thrombosis 
censored all censored all stentstent thrombosis events thrombosis events 

after an intervening TLR!  after an intervening TLR!  
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No. at Risk
Sirolimus stent 878 863 848 823 788
Bare-metal stent 870 853 842 825 789

Days after Initial Procedure

P=0.70

180

Sirolimus Stent (Protocol) Sirolimus Stent (ARC)*

Sirolimus stent
Bare-metal stent

StentStent Thrombosis in Randomized Clinical Thrombosis in Randomized Clinical 
Trials of DrugTrials of Drug--Eluting Eluting StentsStents

Protocol and ARC definitions of Protocol and ARC definitions of stentstent thrombosis;thrombosis;
SES randomized trials; FollowSES randomized trials; Follow--up to 4 yrsup to 4 yrs

**def + def + probprob



RAVEL, SIRIUS, ERAVEL, SIRIUS, E--SIRIUS, CSIRIUS, C--SIRIUSSIRIUS

CYPHERCYPHER 44--Study RCT MetaStudy RCT Meta--Analysis (N=1,748)Analysis (N=1,748)
Stent Thrombosis: 0 Stent Thrombosis: 0 –– 4 Years4 Years
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Protocol definition
(primary ST only)

ARC def/prob
(primary ST only)

ARC def/prob
(primary and

secondary ST)

Bare metal Cypher

Primary = Thrombotic episodes before TLRPrimary = Thrombotic episodes before TLR
Secondary = Thrombotic episodes after TLRSecondary = Thrombotic episodes after TLR
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Days after stenting 

DaysDays after PCIafter PCI 99 3030 365365 730730 10951095
Incidence Incidence SESSES (%)(%) 1.01.0 1.11.1 1.31.3 1.91.9 2.52.5
Incidence Incidence PESPES (%)(%) 1.21.2 1.31.3 2.02.0 2.72.7 3.23.2
Pts at riskPts at risk 81468146 71627162 70027002 28412841 971971

P.P. WenaweserWenaweser and and P.W.P.W. Serruys, ESCSerruys, ESC 20062006

P=0.06P=0.06PESPES
SESSES 3.2%3.2%

2.5%2.5%0.6% per year
0.6% per year



ARTS II ARTS II –– Study DesignStudy Design
•• MulticenterMulticenter, non, non--randomized randomized trialtrial
•• 607 patients in 45 centers607 patients in 45 centers from 19 countriesfrom 19 countries
•• The main goal of the ARTS II trial is to assess a nonThe main goal of the ARTS II trial is to assess a non--

inferiority in treatment effectiveness and in costinferiority in treatment effectiveness and in cost--
effectiveness with respect to the previous results of effectiveness with respect to the previous results of 
the ARTS I trialthe ARTS I trial

ARTS IIARTS IIARTS II ARTS IARTS IARTS I

CABG
N= 605
CABGCABG
N= 605N= 605

CROWN™ Stent
N= 600

CROWNCROWN™™ StentStent
N= 600N= 600

CYPHER® Stent
N=607

CYPHERCYPHER®® StentStent
N=N=606077

RRR



ARTS II: Stent thrombosis to 3 yrsARTS II: Stent thrombosis to 3 yrs**

0 180 360 540 720 900 108030

5.3%
6.4%

3.3%

* Re-adjudication according to ARC definitions

- Definite (angiography pathological confirmation)
- Definite & Probable (MI in stent area)
- Definite, probable and possible (any unexplained death)
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Overall Overall Stent ThrombosisStent Thrombosis
(ARC definite/probable)(ARC definite/probable)
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MATRIX:MATRIX: 1,522 1,522 ““real worldreal world”” pts (86% off label) pts (86% off label) 
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MATRIX:MATRIX: ST* onST* on--label vs. offlabel vs. off--label uselabel use

0.5 0.50.5 0.5
0.6

0.4

1.1

0.6

0.0

0.5

1.0

1.5

30 days 6 months 1 year 2 year

On-label Off-label
%

* Stent thrombosis includes ARC definite and probable

P=0.829
P=0.826 P=0.826

P=0.649

5+3 7+40+10+10+10+1 5+32+3



Drug-Eluting Stents….
the good, the bad, and the ugly!

Drug-Eluting Stents….
the good, the bad, and the ugly!

48 months48 months

40 40 mosmos

BMS DES

IncompleteIncomplete
appositionapposition

Late stent
thrombosis

-20

-15

-10
-5
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10
15
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Prox. Ref. Prox. Stent Distal Distal Ref.

AbnAbn VasomotionVasomotion

*P<0.001*P<0.001 vs. controlvs. control

SirolimusSirolimus
Control Control 

** **

Delayed Healing!Delayed Healing!

AngioscopyAngioscopy

BMS

DESLate loss = 0

Eos

Giant cells

IVUSIVUS

InflammationInflammation



Procedure 

Stent ThrombosisStent Thrombosis
Procedure, Product, PatientProcedure, Product, Patient

StentStent
ThrombosisThrombosis

• Post Dilation
• Flush apposition

Patient
• Higher Risk
• AP Compliance 

and Resistance

Product
• Polymer integrity 

and reactions
• Drug effects



The Four Qestions…The Four The Four QestionsQestions……

SES Real World: Safety Concerns?SES Real World: Safety Concerns?

Is there an increase in Is there an increase in stentstent thrombosis with thrombosis with 
SES vs. BMS (ARC definitions, SES vs. BMS (ARC definitions, continouscontinous hazard,hazard,
and causes)?and causes)?

Is there an increase in death (and MI) with SESIs there an increase in death (and MI) with SES
vs. BMS (onvs. BMS (on--label vs. offlabel vs. off--label, diabetics)?label, diabetics)?

Should the antiShould the anti--platelet therapy be adjusted due platelet therapy be adjusted due 
to SES to SES stentstent thrombosis considerations?thrombosis considerations?

Should SES use be modified in response toShould SES use be modified in response to
safety concerns? safety concerns? 



BASKET LATE Trial: BASKET LATE Trial: Study DesignStudy Design

Primary Endpoint: Composite cardiac death or nonfatal MI.
Other Endpoints: “Thrombosis-related events”
Primary Endpoint: Composite cardiac death or nonfatal MI.Primary Endpoint: Composite cardiac death or nonfatal MI.
Other Endpoints: Other Endpoints: ““ThrombosisThrombosis--related eventsrelated events””

743 patients randomized in the BASKET trial and 
WITHOUT AN EVENT DURING THE 6-MONTH 

CLOPIDOGREL PHASE

743 patients randomized in the BASKET trial and 
WITHOUT AN EVENT DURING THE 6-MONTH 

CLOPIDOGREL PHASE

Bare metal
VISION stents (BMS)

n=244

Bare metalBare metal
VISION stents (BMS)VISION stents (BMS)

n=244n=244

Drug-eluting stents (DES)
(pooled paclitaxel and 
sirolimus DES groups) 

n=499

DrugDrug--eluting stents (DES)eluting stents (DES)
(pooled paclitaxel and (pooled paclitaxel and 
sirolimus DES groups) sirolimus DES groups) 

n=499n=499

Followed for 1 year off clopidogrelFollowed for 1 year off clopidogrel

PfistererPfisterer M et al. ACC 2006M et al. ACC 2006
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BASKET LATE Trial: BASKET LATE Trial: 66--18 Mo MACE18 Mo MACE
N=743N=743 ((pts with early events excluded)pts with early events excluded)

P=0.01P=0.01

PfistererPfisterer M. ACC 2006M. ACC 2006

P=0.04P=0.04P=0.50P=0.50 P=0.23P=0.23 P=0.09P=0.09



Incidence of Serious or Adverse EventsIncidence of Serious or Adverse Events
Death or QDeath or Q--Wave MIWave MI

3.9
2.3

6.3

2.6

0
1
2
3
4
5
6
7
8
9

10

SES PES

Control (BMS) DES

CamenzindCamenzind E, ESC 2006.E, ESC 2006.

R
at

e 
of

 d
ea

th
 o

r Q
R

at
e 

of
 d

ea
th

 o
r Q

-- M
I (

%
)

M
I (

%
)

All randomized studies up to latest available followAll randomized studies up to latest available follow--upup
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∆∆ + 0.3%+ 0.3%
P=0.68P=0.68
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CYPHERCYPHER 44--Study RCT MetaStudy RCT Meta--Analysis (N=1,748)Analysis (N=1,748)
Freedom From Death (all cause): 0 Freedom From Death (all cause): 0 –– 4 Years4 Years

P=0.1994.8% (44)
93.3% (57)

Independent CRF patientIndependent CRF patient--level metalevel meta--analysisanalysis

# at Risk# at Risk
BMSBMS 870870 855855 835835 809809 745745
CYPHERCYPHER 878878 859859 832832 801801 738738



CYPHER stent (n=870) 
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Freedom From Cardiac Death: 0 Freedom From Cardiac Death: 0 –– 4 Years4 Years

P=0.3297.4% (22)
96.5% (29)
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CYPHER stent (n=870) 
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CYPHERCYPHER 44--Study RCT MetaStudy RCT Meta--Analysis (N=1,748)Analysis (N=1,748)
Freedom From Myocardial Infarction: 0 Freedom From Myocardial Infarction: 0 –– 4 Years4 Years

P=0.8693.8% (53)
93.6% (55)

Independent CRF patientIndependent CRF patient--level metalevel meta--analysisanalysis

# at Risk# at Risk
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CYPHERCYPHER 44--Study RCT MetaStudy RCT Meta--Analysis (N=1,748)Analysis (N=1,748)
Freedom From Death or MI: 0 Freedom From Death or MI: 0 –– 4 Years4 Years

P=0.3989.7%   (88)
88.4% (100)
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CYPHER stent (n=870) 
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CYPHERCYPHER 44--Study RCT MetaStudy RCT Meta--Analysis (N=1,748)Analysis (N=1,748)
Freedom From Death or QFreedom From Death or Q--wave MI: 0 wave MI: 0 –– 4 Years4 Years

P=0.1293.7% (53)
91.8% (70)

Independent CRF patientIndependent CRF patient--level metalevel meta--analysisanalysis

# at Risk# at Risk
BMSBMS 869869 851851 829829 802802 738738
CYPHERCYPHER 877877 849849 822822 789789 727727
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CYPHER stent (n=870) 
Bare metal stent (n=878)
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CYPHERCYPHER 44--Study RCT MetaStudy RCT Meta--Analysis (N=1,748)Analysis (N=1,748)
Freedom From Ischemic TLR: 0 Freedom From Ischemic TLR: 0 –– 4 Years4 Years

P<0.000176.4% (202)
92.2%   (66)

Independent CRF patientIndependent CRF patient--level metalevel meta--analysisanalysis

# at Risk# at Risk
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AllAll--cause Mortality in Pooled Analysiscause Mortality in Pooled Analysis

Total populationTotal population
N=1748N=1748

LogrankLogrank PP--value: 0.27value: 0.27

Bare metalBare metal
SirolimusSirolimus--eluting eluting stentstent

100%100%

95%95%

90%90%

720720 10801080360360 1440144000

80%80%

Diabetic Diabetic 
patientspatients

N=428N=428

NonNon--diabetic diabetic 
patientspatients
N=1318N=1318

94.6%94.6%

93.3%93.3%

85%85%

Patients at riskPatients at risk

BMS  869BMS  869 855855 838838 816816 763763
SES   877SES   877 860860 835835 809809 740740

LogrankLogrank PP--value: value: 0.0040.004

100%100%

95%95%

90%90%

720720 10801080360360 1440144000

80%80%

85%85%

Patients at riskPatients at risk

232232 230230 227227 221221 197197
194194 188188 185185 175175 158158

95.6%95.6%

87.8%87.8%

LogrankLogrank PP--value: 0.59value: 0.59

100%100%

95%95%

90%90%

720720 10801080360360 1440144000

80%80%

85%85%

Patients at riskPatients at risk

634634 623623 608608 593593 545545
672672 672672 650650 634634 579579

94.9%94.9%

94.2%94.2%

RAVEL, SIRIUS, ERAVEL, SIRIUS, E--SIRIUS, CSIRIUS, C--SIRIUSSIRIUS

Spaulding C et al. NEJM 2007;356:989Spaulding C et al. NEJM 2007;356:989--9797



Mortality in Pooled AnalysesMortality in Pooled Analyses
Diabetic subsetDiabetic subset

Bare metalBare metal
SirolimusSirolimus--eluting eluting stentstent

Pooled patient level based analysis of 4Pooled patient level based analysis of 4--year year f/uf/u of of 
RAVEL, SIRIUS, ERAVEL, SIRIUS, E--SIRIUS, CSIRIUS, C--SIRIUSSIRIUS

CypherCypher trialstrials
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TAXUS trialsTAXUS trials
(n=814)(n=814)

Pooled patient level based analysis of TAXUS II Pooled patient level based analysis of TAXUS II 
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DES: OffDES: Off--label uselabel use
• More complex and unapproved indications

Very small vessels and very long lesions
Chronic total occlusions
Bifurcations
Left main disease
In-stent restenosis
Multivessel disease
Saphenous vein grafts
Acute myocardial infarction

• More complex and unapproved indications
Very small vessels and very long lesions
Chronic total occlusions
Bifurcations
Left main disease
In-stent restenosis
Multivessel disease
Saphenous vein grafts
Acute myocardial infarction



LongLong--term Outcomes with term Outcomes with 
DES vs. BMS in SwedenDES vs. BMS in Sweden

• 6033 pts with DES and t3, 738 pts with BMS in 2003 and 2004 from the 
Swedish Coronary Angiography and Angioplasty Registry (SCAAR)

• FU up to 3 yrs based on 1424 deaths and 2463 MIs and adjusted for 
differences in baseline characteristics

•• 6033 pts with DES and t3, 738 pts with BMS in 2003 and 2004 from6033 pts with DES and t3, 738 pts with BMS in 2003 and 2004 from the the 
SSwedish wedish CCoronary oronary AAngiography and ngiography and AAngioplasty ngioplasty RRegistry egistry (SCAAR)(SCAAR)

•• FU up to 3 yrs based on 1424 deaths and 2463 FU up to 3 yrs based on 1424 deaths and 2463 MIsMIs and adjusted for and adjusted for 
differences in baseline characteristicsdifferences in baseline characteristics
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Drug-eluting stent

Bare-metal stent

Drug-eluting stent

Bare-metal stent

No. at Risk
BMS 13,735 12,467 12,172 9,295 5,965 3,205 7
DES 6,033 5,547 5,388 3,379 1,676 606 0

No. at Risk
BMS 12,880 11,706 11,432 8,665 5,520 2,963 7
DES 5,770 5,307 5,158 3,216 1,608 580 0

LagerqvistLagerqvist B. et al., NEJM 2007; 356:1009B. et al., NEJM 2007; 356:1009--1919
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DrugDrug--eluting eluting stentstent

BareBare--metal metal stentstent
RR: 1.32 (1.11RR: 1.32 (1.11––1.57)1.57)

RR: 1.03 (0.84RR: 1.03 (0.84––1.26)1.26)

DeathDeath

No. at RiskNo. at Risk
BMSBMS 12,88012,880 12,47312,473 12,35412,354 12,22812,228 9,2989,298 5,9665,966 3,1993,199
DESDES 5,7705,770 5,6055,605 5,5415,541 5,4715,471 3,4343,434 1,7771,777 626626

SCAAR: Landmark Analysis of ALL PtsSCAAR: Landmark Analysis of ALL Pts
(Propensity Score Adjusted Cumulative Event Rates)(Propensity Score Adjusted Cumulative Event Rates)

LagerqvistLagerqvist B. et al., NEJM 2007; 356:1009B. et al., NEJM 2007; 356:1009--1919



SCAAR:SCAAR: Patient Characteristics and Patient Characteristics and 
Procedural Factors (ONE STENT)Procedural Factors (ONE STENT)

2.32.31.01.0LM Coronary (%)LM Coronary (%)
62.162.138.538.5LAD Location (%)LAD Location (%)

RestenoticRestenotic Lesion (%)Lesion (%)
StentStent Length Length >> 20 mm (%)20 mm (%)
StentStent DiamDiam < 3mm (%)< 3mm (%)
>> 2 2 StentsStents (%)(%)
Previous PCI (%)Previous PCI (%)
Diabetes (%)Diabetes (%)
STEMI (%)STEMI (%)

41.841.822.122.1

16.916.910.610.6
39.739.724.924.9

6.76.71.21.2

42.442.425.825.8

23.523.515.715.7
17.717.725.825.8
DESDESBMSBMS

LagerqvistLagerqvist B. et al., NEJM 2007; 356:1009B. et al., NEJM 2007; 356:1009--1919

Differences all highly significant!Differences all highly significant!
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CordisCordis CypherCypher
BS BS TaxusTaxus
BMSBMS

0.200.20

0.150.15

0.100.10

0.050.05

0.000.00

0.00.0 0.50.5 1.01.0 1.51.5 2.02.0 2.52.5
Time (years)Time (years)

SCAAR:SCAAR: Unadjusted Cumulative IncidenceUnadjusted Cumulative Incidence
of Death and MI (Single of Death and MI (Single StentStent))

CypherCypher 1030 1030 958 958 937 937 595 595 312 312 156156
TaxusTaxus 2608       2406       2331        1431       682           22608       2406       2331        1431       682           21313
BMS      10317      9434      9213         7034      4544       BMS      10317      9434      9213         7034      4544       24172417

LagerqvistLagerqvist B., Wallentin L., FDA Panel Hearing, Dec 7 2006B., Wallentin L., FDA Panel Hearing, Dec 7 2006



6442 patients
13,150 stents
64426442 patientspatients
13,150 13,150 stentsstents

ThoraxcenterThoraxcenter Real World ExperienceReal World Experience

55000022cceeDD33000022bbeeFF00000022nnaaJJ Apr 2002Apr 2002

Bare metalBare metal
stentsstents

SirolimusSirolimus--elutingeluting
stentsstents

PaclitaxelPaclitaxel--elutingeluting
stentsstents

N=2444N=2444 N=979N=979 N=3019N=3019

SerruysSerruys PW et al. FDA 12/06PW et al. FDA 12/06



AllAll--cause Mortality at 3 Yearscause Mortality at 3 Years

GroupGroup 00 3300 9900 181800 363600 727200 10910955

BMSBMS 22822877 22122111 219219 55 21721700 21221266 19919900 18618622

SSEESS 979766 959555 959511 949466 939366 888888 838333

PPEESS 27727766 26226200 253253 77 24924999 24124144 14314322 494911

00 118800 363600 554400 727200 990000 10910955

8800

8855

9900

9955

101000

92.1%92.1%

89.1%89.1%
89.1%89.1%

SESSES vs.vs. BBMMSS HRHR 0.71;0.71; 95%95% CICI 0.540.54 –– 00.92;.92; p=0.008p=0.00822

PESPES vs.vs. BBMMSS HRHR 1.02;1.02; 95%95% CCII 00..9393 –– 11..1212;; pp==00..6699

PESPES vvs. SESs. SES HRHR 11..4747;; 95%95% CICI 1.131.13 –– 11.92;.92; p=0.003p=0.00377

Bare metalBare metal
CypherCypher

TaxusTaxus

* * LogrankLogrank TestTest

SerruysSerruys PW et al. FDA 12/06PW et al. FDA 12/06



AllAll--cause Mortality at 3 Yearscause Mortality at 3 Years

00 181800 363600 545400 727200 909000 10810800
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7755
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101000

00 181800 363600 545400 727200 909000 10810800
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9900
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SESSES vvss .. BBMMSS HRHR 00..9393;; 9595%% CCII 00..5858 –– 11..4499

PESPES vvss .. BBMMSS HRHR 00..9797;; 9595%% CCII 00..8080 –– 11..1199

PPEESS vvss .. SESSES HRHR 00..9494;; 9595%% CCII 00..5858 –– 11..5522

SESSES vvss .. BBMMSS HRHR 00..6161;; 9595%% CCII 00..4444 –– 00.83.83;; P=0.00P=0.001166

PESPES vvss.. BBMMSS HRHR 11..0202;; 9595%% CCII 00..9292 –– 11.13.13;; P=0.6P=0.699

PPEESS vvss .. SESSES HRHR 11..7676;; 9595%% CCII 11..2828 –– 22..4433;; pp==00..00000044

GroupGroup 00 181800 363600 727200 10810800

BMSBMS 303066 282888 272766 262677 232377

SSEESS 171799 161688 161655 151522 141422

PPEESS 484844 434333 404088 252588 8855

GroupGroup 00 181800 363600 727200 10810800

BMSBMS 19819800 18818822 18518500 17217233 16216255

SSEESS 797966 777788 777711 737300 696911

PPEESS 22922911 20620666 20020066 11711744 404022

85.3%85.3%
85.6%85.6%

83.9%83.9%

89.8%89.8%
90.0%90.0%
93.7%93.7%

DiabeticsDiabetics NonNon--DiabeticsDiabetics
Bare metalBare metal
CypherCypher

TaxusTaxus

SerruysSerruys PW et al. FDA 12/06PW et al. FDA 12/06



Analysis of 14 Randomized TrialsAnalysis of 14 Randomized Trials
Comparing SES with BMSComparing SES with BMS

BASKET
C-SIRIUS
DECODE
DIABETES
E-SIRIUS
Pache et al.
PRISON II
RAVEL
SCANDSTENT
SCORPIUS
SESAMI
SIRIUS
STRATEGY
TYPHOON
OVERALL

10/264 13/281
2/50 3/50
0/54 2/29
7/80 5/80

10/175 11/177
29/250 24/250
2/100 3/100

14/120 8/118
1/163 1/159
5/95 4/98
3/160 7/160

45/533 46/525
10/87 12/88

146/2486 147/2472
8/355 8/357

0.1 1.0 10.0

Sirolimus Stent
Better

Bare Metal
Stent Better

1.03 (0.80 to 1.30)

Trial no. of patients

Sirolimus Stent
Stent

Bare Metal
Stent

Hazard Ratio

P (heterogeneity) = 0.75
I2 = 0%
P (overall effect) = 0.80

Death

KastratiKastrati et al. et al. NEJMNEJM 2007; 356: 10302007; 356: 1030--99

No. of events/total
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Years after Randomization
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0
0 1 2 3 4 5

No. at Risk
Sirolimus stent 2,486 2,056 1,218 1,028 765 548
BMS 2,472 2,063 1,207 1,044 842 530

SirolimusSirolimus stentstent

BareBare--metal metal stentstent

Freedom from DeathFreedom from Death

KastratiKastrati et al. et al. NEJMNEJM 2007; 356: 10302007; 356: 1030--99

Analysis of 14 Randomized TrialsAnalysis of 14 Randomized Trials
Comparing SES with BMSComparing SES with BMS



BASKET
C-SIRIUS
DECODE
DIABETES
E-SIRIUS
Pache et al.
PRISON II
RAVEL
SCANDSTENT
SCORPIUS
SESAMI
SIRIUS
STRATEGY
TYPHOON
OVERALL

23/264 27/281
4/50 7/50
1/54 2/29
10/80 12/80

19/175 22/177
38/250 35/250
5/100 6/100
22/120 12/118
4/163 7/159
10/95 9/98
6/160 10/160
74/533 72/525
14/87 18/88

241/2486 252/2472
11/355 13/357

0.1 1.0 10.0

0.97 (0.81 to 1.16)

P (heterogeneity) = 0.80
I2 = 0%
P (overall effect) = 0.76

Death or MI

No. of patients

Sirolimus Stent
Stent

Bare Metal
Stent

Hazard RatioNo. of events/total

Sirolimus Stent
Better

Bare Metal
Stent Better

Trial

Analysis of 14 Randomized TrialsAnalysis of 14 Randomized Trials
Comparing SES with BMSComparing SES with BMS

KastratiKastrati et al. et al. NEJMNEJM 2007; 356: 10302007; 356: 1030--99
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0
0 1 2 3 4 5

No. at Risk
Sirolimus stent 2,486 1,985 1,168 983 728 516
BMS 2,472 1,983 1,148 992 798 505

SirolimusSirolimus stentstent

BareBare--metal metal stentstent

KastratiKastrati et al. et al. NEJMNEJM 2007; 356: 10302007; 356: 1030--99

Analysis of 14 Randomized TrialsAnalysis of 14 Randomized Trials
Comparing SES with BMSComparing SES with BMS
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P (log rank) =0.20 between 
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ARTS II: Death to 3 yrsARTS II: Death to 3 yrs
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- ARTS I PCI
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89.1%
87.2%

P (log rank) =0.07 between 
ARTS II and ARTS I-CABG

P (log rank) =0.004 between 
ARTS II and ARTS I-PCI

ARTS II: Death/CVA/MI to 3 yrsARTS II: Death/CVA/MI to 3 yrs



Real World Registries: DES vs. BMSReal World Registries: DES vs. BMS

5.7%

7.1%
5.9%

2.2%

4.9%

3.1%
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DESCover Applegate STENT Registry 

BMS BMS DES DES 

p = 0.005p = 0.005
p = 0.03p = 0.03

All Cause Mortality Rates (%)All Cause Mortality Rates (%)

N=397

N=6,509

N=1,164

N=1,285

p <0.001*p <0.001*

N=1,377

N=5,631

*  *  Adjusted HR = 0.56 (95% CI 0.4,0.8), p=0.0013Adjusted HR = 0.56 (95% CI 0.4,0.8), p=0.0013

(1-year) (9-month) (9-Month)*



MATRIX:MATRIX: 22--Year Clinical OutcomesYear Clinical Outcomes
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BASKET Trial: BASKET Trial: 18 Month18 Month MACEMACE
N=836 (N=836 (All ptsAll pts with 18 month FU)with 18 month FU)

P=0.83P=0.83

Kaiser C et al. ESC 2006.Kaiser C et al. ESC 2006.

P=0.66P=0.66 P=0.05P=0.05 P=0.26P=0.26



The Four Qestions…The Four The Four QestionsQestions……

SES Real World: Safety Concerns?SES Real World: Safety Concerns?

Is there an increase in Is there an increase in stentstent thrombosis with thrombosis with 
SES vs. BMS (ARC definitions, SES vs. BMS (ARC definitions, continouscontinous hazard,hazard,
and causes)?and causes)?

Is there an increase in death (and MI) with SESIs there an increase in death (and MI) with SES
vs. BMS (onvs. BMS (on--label vs. offlabel vs. off--label, diabetics)?label, diabetics)?

Should the antiShould the anti--platelet therapy be adjusted due platelet therapy be adjusted due 
to SES to SES stentstent thrombosis considerations?thrombosis considerations?

Should SES use be modified in response toShould SES use be modified in response to
safety concerns? safety concerns? 
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Eisenstein EL et al. JAMA 2007;297: on lineEisenstein EL et al. JAMA 2007;297: on line

Duke Database Death/MI AnalysisDuke Database Death/MI Analysis

N=637N=637 N=579N=579 N=417N=417 N=1976N=1976

Adjusted death/MI rates at 24 monthsAdjusted death/MI rates at 24 months
in patients without events at 6 monthsin patients without events at 6 months

Clopidogrel status at 6 monthsClopidogrel status at 6 months
Overall P value = 0.07; POverall P value = 0.07; Pintint = 0.12= 0.12

Clopidogrel status at 12 monthsClopidogrel status at 12 months
Overall P value <0.001; POverall P value <0.001; Pintint = 0.003= 0.003

N=252N=252 N=276N=276 N=346N=346 N=1644N=1644
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Milan Stent Thrombosis ExperienceMilan Stent Thrombosis Experience
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MATRIX:MATRIX: AntiplateletAntiplatelet Rx AdherenceRx Adherence
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MATRIX:MATRIX: Impact of Impact of ClopidogrelClopidogrel AdherenceAdherence
66--Month Use and Outcomes > 180 DaysMonth Use and Outcomes > 180 Days

0.2480.248000.7 %0.7 %StentStent thrombosisthrombosis
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MATRIX:MATRIX: Impact of Impact of ClopidogrelClopidogrel AdherenceAdherence
11--Year Use and Outcomes > 365 DaysYear Use and Outcomes > 365 Days

0.2090.209000.7 %0.7 %StentStent thrombosisthrombosis
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Safety of LongSafety of Long--Term ClopidogrelTerm Clopidogrel
3 Placebo Controlled Trials3 Placebo Controlled Trials
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P=0.001P=0.001

NEJM 2006;354:1706NEJM 2006;354:1706--1717

N=15,603N=15,603
2.5 year FU2.5 year FU

GUSTO major GUSTO major 
+ moderate bleed+ moderate bleed

N=12,563N=12,563
1 year FU1 year FU

CURE major bleedCURE major bleed
NEJM 2001;345;494NEJM 2001;345;494--502502

N=2,116N=2,116
1 year FU1 year FU

TIMI major bleedTIMI major bleed
JAMA 2002;288:2411JAMA 2002;288:2411--2020

P=0.07P=0.07

P<0.001P<0.001



U.S. Cost Implications of LongU.S. Cost Implications of Long--term term 
ClopidogrelClopidogrel TherapyTherapy

•• At $4 per day, Clopidogrel costs ~$1500 per At $4 per day, Clopidogrel costs ~$1500 per 
yearyear

•• As many as 1 million U.S. patients per year As many as 1 million U.S. patients per year 
receive DES receive DES ⇒⇒

•• One year of Clopidogrel would cost ~$1.5BOne year of Clopidogrel would cost ~$1.5B

•• For 4 million U.S. patients with DES For 4 million U.S. patients with DES 
implanted implanted ⇒⇒

•• One year of Clopidogrel would cost ~$6.0BOne year of Clopidogrel would cost ~$6.0B



Clopidogrel Responsiveness at the Time of PCI and Clopidogrel Responsiveness at the Time of PCI and 
Stent Thrombosis After Cypher Stent Thrombosis After Cypher w/iw/i 30 Days: 30 Days: N=280N=280

Price MJ et al, TCT 2006Price MJ et al, TCT 2006

<10% inhibition
25th

percentile

Reactivity Post-Clopidogrel Treatment (PRUs)

In
hi

bi
tio

n 
by

 C
lo

pi
do

gr
el

 (%
)

75th percentile

Association with Stent Thrombosis
Clop NR: p=0.046
High post-Rx reactivity: p=0.06
Clop NR + high post-Rx reactivity: p=0.02



AnnouncingAnnouncing
The ADAPT DES StudyThe ADAPT DES Study

10,000 consecutive pts receiving DES 
at up to 12 sites

10,000 consecutive pts receiving DES 10,000 consecutive pts receiving DES 
at up to 12 sitesat up to 12 sites

Aspirin and Clopidogrel responsiveness evaluatedAspirin and Clopidogrel responsiveness evaluated
(Accumetrics VerifyNow system)(Accumetrics VerifyNow system)

Clinical FU for 2-5 yearsClinical FU for 2Clinical FU for 2--5 years5 years

Angiographic core lab assessment of all Angiographic core lab assessment of all 
stent thromboses and 1:3 matching controlsstent thromboses and 1:3 matching controls

PIs: Gregg W. Stone and Chuck SimontonPIs: Gregg W. Stone and Chuck Simonton
Sponsors: CRF and the Dickinson Inst.Sponsors: CRF and the Dickinson Inst.
Principal study group: STENT Registry investigatorsPrincipal study group: STENT Registry investigators

Funded by grants from Boston Scientific Funded by grants from Boston Scientific 
(lead supporter), Accumetrics, Abbott (lead supporter), Accumetrics, Abbott 

Vascular, Cordis, and MedtronicVascular, Cordis, and Medtronic



The Four Qestions…The Four The Four QestionsQestions……

SES Real World: Safety Concerns?SES Real World: Safety Concerns?

Is there an increase in Is there an increase in stentstent thrombosis with thrombosis with 
SES vs. BMS (ARC definitions, SES vs. BMS (ARC definitions, continouscontinous hazard,hazard,
and causes)?and causes)?

Is there an increase in death (and MI) with SESIs there an increase in death (and MI) with SES
vs. BMS (onvs. BMS (on--label vs. offlabel vs. off--label, diabetics)?label, diabetics)?

Should the antiShould the anti--platelet therapy be adjusted due platelet therapy be adjusted due 
to SES to SES stentstent thrombosis considerations?thrombosis considerations?

Should SES use be modified in response to
safety concerns? 



Intervention 2007Intervention 2007

Just Do the 
“Right” Thing!

Just Do the 
“Right” Thing!



SESSES Use Use -- 20072007

How can we minimize the risk of How can we minimize the risk of 
late DES thrombosis late DES thrombosis NOWNOW??

•• Upfront careful patient screening for extendedUpfront careful patient screening for extended
PlavixPlavix therapytherapy –– conservative approach re:conservative approach re:
compliance, bleeding risk, and cocompliance, bleeding risk, and co--morbiditiesmorbidities

•• Case selection based on riskCase selection based on risk--benefit analysisbenefit analysis
DES use is now restricted and not assumed!DES use is now restricted and not assumed!
(consider CABG in complex MVD)(consider CABG in complex MVD)

•• Optimize procedural operator techniqueOptimize procedural operator technique
•• Prolonged dual antiProlonged dual anti--platelet Rx platelet Rx (at least 1 yr)(at least 1 yr)
•• Meticulous patient FU and communication Meticulous patient FU and communication 



SESSES Use Use -- 20072007

If Death and MI arenIf Death and MI aren’’t increased, t increased, 
why reduce DES use?why reduce DES use?

•• Incomplete dataIncomplete data (esp. long(esp. long--term FU) in term FU) in 
several important areas, including theseveral important areas, including the
““continuous hazardcontinuous hazard”” of late DES over of late DES over 
time and unknown risks in several time and unknown risks in several 
““off labeloff label”” use categories.  Additional largeuse categories.  Additional large
RCTsRCTs needed to make recommendationsneeded to make recommendations
(e.g. FREEDOM, CARDIA, SYNTAX, and (e.g. FREEDOM, CARDIA, SYNTAX, and 
HORIZONS ongoing).HORIZONS ongoing).



SESSES Use Use -- 20072007

If Death and MI arenIf Death and MI aren’’t increased, t increased, 
why reduce DES use?why reduce DES use?

•• Problems associated with obligatory Problems associated with obligatory 
longlong--term term PlavixPlavix dependencedependence -- unknownunknown
duration of therapy, compliance concerns,duration of therapy, compliance concerns,
cost and reimbursement issues, bleeding cost and reimbursement issues, bleeding 
risks, and anxiety associated with the risks, and anxiety associated with the 
““unknownsunknowns”” of premature cessation.  Itof premature cessation.  It’’s s 
very difficult to maintain a covery difficult to maintain a co--morbid CAD morbid CAD 
population on longpopulation on long--term term PlavixPlavix Rx!Rx!
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Overall WE = 53%Overall WE = 53%
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Major Determinants of Major Determinants of 
BMS vs. DES UseBMS vs. DES Use

•• Interpretation of the safetyInterpretation of the safety--benefit equationbenefit equation
for and against DES use for and against DES use 

•• Patient and lesion complexity factorsPatient and lesion complexity factors
(referral patterns, practice mix)(referral patterns, practice mix)

•• PlavixPlavix compliance concernscompliance concerns
•• Socioeconomic considerations (intangibles)Socioeconomic considerations (intangibles)

peer pressurepeer pressure
patient pressurepatient pressure
liability issuesliability issues
reimbursement (economic factors)reimbursement (economic factors)



BenefitBenefitRiskRisk

Life is a Matter of Life is a Matter of ““BalanceBalance””

MI, Death, TLR

Stent thrombosis Reduced restenosis

The Scale Favors DES!The Scale Favors DES!


