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Facts:

DES give a lower restenosis rate compared to BMS in 
all type of lesions. The risk varies according to the type
of lesion and patient: sometimes the advantage is small

DES demand for longer duration of aspirin and clopidogrel

Late thrombosis is ill defined but “it is with us”

Preventing restenosis decreases reinterventions , AMI and
occasionally death

It is difficult to make the right choice in patients with low
risk of restenosis and when  ischemia at follow-up is not 
searched  aggressively

It all matters about restenosis
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When BMS:

When there are uncertainties about the possibility the 
patient can continue  dual antiplatelet therapy 

When the patient is taking oral anticoagulants unless
she/he has  a lesion at a very high risk for restenosis

In most patients with AMI
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Stent Thrombosis (Bare Metal Stents)
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Karillon       De Servi     Schuller      Cutlip     Moussa     Werner       Cheneau     ARTS I   Wenaweser
2900           939             2833        6186        1001   215              7484         1205          6058

’92-95         ’95-96         ‘92-97       ’95-99     ’93-95      ’95-96          ’93-02        ’93-02     ’95-03  

Study:
Patients:

Era:

n=28,821n=28,821

1.7%1.7%

FORWARD : BMS are not immune
from thrombosis
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Serruys  et al   Euro Interv  2008Serruys  et al   Euro Interv  2008
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ARTS II - Baseline Demographics

282826261919Current smokersCurrent smokers

616160606060Ejection fractionEjection fraction

393942423636Family historyFamily history
585858587474HypercholesterolemiaHypercholesterolemia
454545456767HypertensionHypertension

272727272828Body mass index (kg/mBody mass index (kg/m22))

19 (4)19 (4)16 (3)16 (3)26 (5)26 (5)Diabetes (IDDM)Diabetes (IDDM)
44 (26)44 (26)42 (24)42 (24)34 (18)34 (18)Previous MI (QPrevious MI (Q--wave) wave) 

661161616633Age (years)Age (years)
777776767777Male                         Male                         

ARTS I (PCI)ARTS I (PCI)
N=600N=600

ARTS I (CABG)ARTS I (CABG)
N=605N=605

ARTS IIARTS II
N=607N=607

Unstable anginaUnstable angina 373735353737

Figures in Figures in OrangeOrange indicate statistical difference (95% CI) between ARTS II and ARTindicate statistical difference (95% CI) between ARTS II and ARTS I groupsS I groups

7474
6767

26 (5)26 (5)

6633

1919

34 (18)34 (18)

% % %
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ARTS II - Lesion Characteristics

666668686161Discrete (<10mm)Discrete (<10mm)
272725252727Tubular (10Tubular (10--20mm)20mm)

313130302929RCA locationRCA location
292929292929LCx locationLCx location

27273030545433--VDVD

393941414242LAD locationLAD location

69696666464622--VDVD

ARTS I (PCI)ARTS I (PCI)
N=600 pts N=600 pts 

N=1606 les.N=1606 les.

ARTS I (CABG)ARTS I (CABG)
N=605 pts N=605 pts 

N=1638 les.N=1638 les.

ARTS IIARTS II
N=607 pts N=607 pts 

N=2160 les.N=2160 les.% of patients % of patients 

Diffuse (>20mm)Diffuse (>20mm) 77771212
Type C lesionType C lesion
Side branch involvementSide branch involvement

88881414
353532323434

% of lesions% of lesions
5454

1212
1414
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Serruys  et al   Euro Interv  2008Serruys  et al   Euro Interv  2008

ARTS I-II Kaplan -Meyer curves

3 Years survival  outcome3 Years survival  outcome

Days Days

% %

All Cause 
Survival

Freedom from All Cause  
Death, CVA or MI
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Serruys  et al   Euro Interv  2008Serruys  et al   Euro Interv  2008

ARTS I-II Kaplan -Meyer curves

3 Years survival  outcome3 Years survival  outcome

Days

%

Freedom from Repeat Revascularization
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1,5% 1,6%

22,7%

6,6% 7,1%

2,7%
1,5%

12,4%

6,5% 7,3%

4,6%

0,9%
0%

5%

10%

15%

20%

25%

TLR MI Death Cardiac Death Protocol ST ARC Def+Prob

p=0.83
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TAXUS IV and V Diabetic Subset
3-year Clinical Results

Bare-metal Stent (n=336)

p=0.91 p=0.48 p=1.00p=0.23

TAXUS® Express® Stent (n=338)

p=0.0002

Presented by Gregg W. Stone MD, ACC 2008..
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1) Marzocchi et al. REAL Registry of 3064 pts with  
DES vs. 7565 pts with BMS in Emilia Romagna with 
2yrs FU, Circulation 2007.
2) Jensen et al. Western Denmark Heart Registry 
of 3548 pts with  DES vs. 8247 pts with BMS with 
15 months FU, JACC 2007
3) Serruys et al. ARTS II study with 607 pts with 
SES vs. 600 pts with BMS with 3 yrs FU, 
EuroInterv 2005 
No differences in Death or Myocardial Infarction 
in 23631 pts and reduction in the need for 
revascularization HR 0.5-0.7.

OFF-LABEL REGISTRIES
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Tu J.V. et al   N Engl J Med 2007;357:1393Tu J.V. et al   N Engl J Med 2007;357:1393--402402
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Abbott et al. JACC Vol. 50, No. 21, 2007 November 20, 2007:2029–36

Drug-Eluting Stent Outcomes in North America
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4 studies reporting MI rates 3.5-19.4% 
with treatment of  restenosis

1)Chen MS, John JM, Chew DP, Lee DS, Ellis SG, Bhatt DL. Bare metal stent
restenosis is not a benign clinical entity. Am Heart J. 2006;151:1260–1264.

2)Nayak AK, Kawamura A, Nesto RW, Davis G, Jarbeau J, Pyne CT, Gossman
DE, Piemonte TC, Riskalla N, Chauhan MS. Myocardial infarction as a
presentation of clinical in-stent restenosis. Circ J. 2006;70:1026–1029.

3)Walters DL, Harding SA, Walsh CR, Wong P, Pomerantsev E, Jang IK.
Acute coronary syndrome is a common clinical presentation of in-stent
restenosis. Am J Cardiol. 2002;89:491–494.

4)Bossi I, Klersy C, Black AJ, Cortina R, Choussat R, Cassagneau B, Jordan C,
Laborde JC, Laurent JP, Bernies M, Fajadet J, Marco J. In-stent restenosis:
long-term outcome and predictors of subsequent target lesion revascularization
after repeat balloon angioplasty. J Am Coll Cardiol. 2000;35:
1569–1576.
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Thrombosis in bifurcations



CENTRO CENTRO 
CUORE CUORE 
COLUMBUSCOLUMBUS

Steigen  et al   Circulation 2006Steigen  et al   Circulation 2006

Individual End Points after 6 months

NORDIC Bifurcation StudyNORDIC Bifurcation Study

1 Stent 1 Stent 2 Stents2 Stents PP

PatientsPatients 207 207 206206

Cardiac death Cardiac death 2 (1.0) 2 (1.0) 2 (1.0) 2 (1.0) 1.001.00
Myocardial infarctionMyocardial infarction 0 (0.0) 0 (0.0) 1 (0.5) 1 (0.5) 0.310.31
Stent thrombosis Stent thrombosis 1 (0.5) 1 (0.5) 0 (0.0) 0 (0.0) 0.310.31
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DES in AMI
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TAXUSTM

Stent*

Cardiac Death

PASSION Trial
Acute Myocardial Infarction (AMI)*

7.2%

TAXUS Stent* (N=310)
BMS Control (N=309)

MACE

15.4%

11.1%

TAXUSTM

Stent
Stent Thrombosis

ARC Def + Probable

2.8%2.7%

TAXUSTM

Stent

5.6%

BMS
Control

BMS
Control

BMS
Control

2-Year Results

P=0.12

TAXUSTM

Stent*

TLR

9.9%

6.0%

BMS
Control

P=0.32 P=0.09 P=NS

Presented by M.T. Dirksen MD, ESC 2007. * TAXUS™ Express²™ Stent System is contraindicated for use in patients with Myocardial Infarction < 72 hours prior to TAXUS 
index procedure
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Primary Endpoint: MACE at 30 days, 12, 24, 36 months 
Secondary endpoint:  Angiographic restenosis at 12, 24 and 36 months.

Follow up: 3-year results

Number of Patients: BMS N= 388
CypherTM Stent N= 676
TAXUSTM Stent N= 478

Number of Sites: 8 Centers

Study Design: Prospective, Multi-center Registry

Presented: ESC 2007 by Dr. Nakamura

SES/PES/BMS in AMI* Registry 3-Year Data 

* TAXUS™ Express²™ Stent System is contraindicated for use in patients with Myocardial Infarction < 72 hours prior to TAXUS index procedure
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SES/PES/BMS in AMI* Registry 3-Year Data 
MACE (All cause death, MI, CABG, TVR, TVF)

--- BMS
--- CypherTM Stent
--- TAXUSTM Stent

P<0.0001
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Presented by Dr. Nakamura, ESC 2007. * TAXUS™ Express²™ Stent System is contraindicated for use in patients with Myocardial Infarction < 72 hours prior to TAXUS 
index procedure

DES

BMS
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PES

Angiographic 
Restenosis
12 Months

SES vs. PES 
Acute Myocardial Infarction (AMI)* Registry

5.3

TAXUSTM Stent (N=478)
CypherTM Stent (N=676)

Late Stent 
Thrombosis
1-3 years

6.3

SES

3-Year Results

*P<0.05 vs. SES and PES P=NS

Angiographic 
Restenosis
24 Months

Angiographic 
Restenosis
36 Months

19.2*

BMS

Bare Metal Stent (N=388)

PES

5.9 6.3

SES

21.1*

BMS PES

7.5 8.8

SES

23.1*

BMS PES

0.3 0.4

SES

0
BMS
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Presented by Dr. Nakamura, ESC 2007. * TAXUS™ Express²™ Stent System is contraindicated for use in patients with Myocardial Infarction < 72 hours prior to TAXUS index 
procedure * Late Stent Thrombosis (LST) defined as stent thrombosis occurring more than 30 days post-implant.
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n=2629 pairs

n=1221 pairs

n=1302 pairs

MI

NSTEMI

STEMI

Risk Difference (95% CI), DES vs. BMS

MASS Stent AMI   DES vs. BMS
2-year Results

Presented by Laura Mauri MD, ACC 2008. 
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BMS DES p-value

Number of Patients 4,321 2,126
Percent Female 25.9 28.7 0.018
BMI (kg/m2) 27.6 28.3 0.001
Med hx MI 19.9 26.8 0.001
Med hx CHF 3.6 6.3 0.001
Med hx PCI 14.8 25.7 0.001
Med hx CABG 7.7 11.8 0.001
Med hx Diabetes 19.1 27.2 0.001
Med hx Hypertension 56.2 62.5 0.001
Med hx Hyperlipidemia 45.1 57.0 0.001

GRACE Registry
Baseline Characteristics – All ACS

GRACE data,  Dr. P.G. Steg, ESC 2007.
*The safety and effectiveness of the TAXUS® Stent have not been proven in patients presenting with STEMI.
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Restenosis rates following BMS Restenosis rates following BMS 
implantation in AMI are not low!!implantation in AMI are not low!!

Pasc
eri 

et al

STRATEGY PASSION TYPHOON SESAMI HAAMU-
STENT

MISSIO
N

SELECTION Diaz  et al

NN°° ptspts 65 175 605 712 320 164 316 80 120

DES DES 
typetype

Cyph
er

Cypher Taxus Cypher Cypher Taxus Cypher Taxus Cypher

AngiogrAngiogr
FollowFollow--
upup

100% 90% N.A. 82% of 
200 pts

52% 88% 82% 90% -

FollowFollow--
up up 
durationduration

365 
days

240 days 365 days 365 
days

365 days 365 
days

365 
days

210 days 360 day

Resten. 
(%) NA 11      36  

0.008 NA 7.1  20  
0.02

9.3    21.3   
0.03 NA NA 5.1   37.8  

>0.01 NA

* Def      ** Prob/poss
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For how long dual antiplatelet therapy ?
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18 month follow-up in 3021 pts. treated with 
DES (Cypher /Taxus) 

in unselected indications: 
58 (1.9%) thrombotic events (early and late)

Airoldi F, Colombo A, et al Circulation 2007
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Double 
Antiplatelet 
therapy

Only Aspirin

No 
Antiplatelet

0-30 31-180 181-360 361-540 days

Proportion of patients with double antiplatelets, only aspirin 
and no antiplatelets in different time periods

Thienopyridine Therapy



CENTRO CENTRO 
CUORE CUORE 
COLUMBUSCOLUMBUS

AalenAalen--Nelson estimate of the Nelson estimate of the 
cumulative hazard functioncumulative hazard function

DaysDays00 6060 120120 180180 300300 360360 420420 480480 540540
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0.000.00

0.020.02

0.040.04

0.060.06

0.080.08

0.100.10

0.120.12

0.140.14

0.160.16 Patients 
without 

thienopyridine

Patients        
with 

thienopyridine

No. of Patients

Discontinued thienopyridine

On thienopyridine
262

2759

439

2582

583

2438

1160

1861

1215

1806

1728

1293

2100

921

2207

814

2321

700

Cumulative incidence of ST = 58/3021 pts (1.9%)

ST within 6 month

42 pts (1.4%) 

ST after 6 month

16 pts (0.5%)

34 patients

8 patients
7 patients  

9 patients 

240240
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SORT-OUT II Study, Galloe, A. M. et al. JAMA 2008;299:409-416.

Cumulative Proportions of Patients Experiencing 
Definite and Probable Stent Thrombosis

Thrombosis rate at 18 months was 2.7%

17% of the SORT OUT II population presented 
with STEMI, 50% presented with ACS and33% 
had more than 1 lesion treateded.
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• There is an intrinsic risk for  overestimation 
when we  assign the label of “stent thrombosis”
to all events which occur in a stented and 
diseased coronary segment, in particular when 
we stent 2 or 3 vessels. 

• Treatment of multiple vessels will label any 
future myocardial infarction as “stent related”.



CENTRO CENTRO 
CUORE CUORE 
COLUMBUSCOLUMBUS Late Stent Thrombosis?Late Stent Thrombosis?

12837
Baseline Final Result

Cypher 2.25x33mmCypher 2.25x33mm

Cypher 3.0x18mmCypher 3.0x18mm
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12837
8 months later Follow-Up 
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12837
8 months later Follow-Up 
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What can we do at present time?

-New generation stents?

-Evaluate optimal platelet inhibition

- Improve stent implantation technique: 
IVUS, non compliant balloon post-dilatation
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Cook, S  et al. Circul 2007

Incomplete stent apposition was more 
frequent (77% versus 12%; P 0.001) and 
maximal incomplete stent apposition area 
was larger (8.37.5 versus 4.03.8 mm2;
P0.03) in patients with very late stent 
thrombosis compared with controls.

Out of 13 pts with LST 6 had stenting
during AMI and 3 during NSTEMI 

IVUS at the time of late stent thrombosis (LST) 

Unless we know how many pts with incomplete apposition do not sustain 
Stent Thrombosis this issue is not going to be clear
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Clopidogrel Responsiveness at the Time of PCI and ST 
after Cypher® Stent < 30 Days (n=280)

Price MJ et al, TCT 2006

<10% inhibition

25th

percentile

Reactivity Post-Clopidogrel Treatment (PRUs)
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75th 

percentile

Stent Thrombosis
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NEJM  2007NEJM  2007

PrasugrelPrasugrel ClopidogrelClopidogrel

BMSBMS 48%48% 47%47%

DESDES 47%47% 47%47%

Stent Thrombosis     Stent Thrombosis     
(ARC d+prob)(ARC d+prob) 1.1%1.1% 2.4%2.4%

BMS      HR 0.52 (95% CI  0.35 BMS      HR 0.52 (95% CI  0.35 -- 0.77)   P< 0.0010.77)   P< 0.001

DES       HR 0.43 (95% CI  0.28 DES       HR 0.43 (95% CI  0.28 -- 0.66)  P< 0.0010.66)  P< 0.001

13,608 patients13,608 patients
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Prasugrel  versus  ClopidogrelPrasugrel  versus  Clopidogrel

NEJM  2007NEJM  2007

PrasugrelPrasugrel ClopidogrelClopidogrel Risk reductionRisk reduction

BMS (6,461 pts)BMS (6,461 pts) 10%10% 12.2%12.2% 20%20%

DES(6,383 pts)DES(6,383 pts) 9.4%9.4% 11.6%11.6% 18%18%

Primary End point

Cardiovascular Death + MI + Stroke   14 months
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Pressure x Diameter
2 x Wall ThicknessF=

1mm

3mm

1.5mm

0.5mm
X 10 Dilatation Force
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implantation

We should post-dilate with 4 mm NC b



CENTRO CENTRO 
CUORE CUORE 
COLUMBUSCOLUMBUS

PostPost--dilation Balloon  4.0 mm dilation Balloon  4.0 mm -- 26 26 
AtmAtm

Final Result 9-mo Follow-Up

After stent 

implantation
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Matched comparison of Angio vs. IVUS 
guided DES implantation

• 49 pts. with 49 lesions treated with Angio guided 
DES implantation  (San Raffaele Hosp) and 49 pts. 
with 49 lesions treated  with IVUS guidance (AVIO 
criteria, Columbus Hospital) blinded matched 
according to: diabetes, vessel type, reference vessel 
size, baseline MLD and lesion length
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Preliminary Study of IVUS Guided DES Preliminary Study of IVUS Guided DES 
Implantation According to AVIOImplantation According to AVIO

49 (1:1) Matched Lesions Using Following Criteria: 
1. DM  2. Vessel  3. RVD± 0.5mm 4. MLD± 0.1mm  5. Lesion Length

PrePre

0 1 2 3 4
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Angio
IVUS

P<0.001
TULIP   Circ 2003

3.14 mm2.70
mm

Balloon 3.3±0.5
23±4 atm

Balloon 2.97±0.5
18±6atm
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Conclusions
Preventing restenosis and re-interventions are

appropriate objectives.
The use of DES vs. BMS in unselected patients 

shows that this goal can be obtained without
an increase  in the  risk of death or myocardial 

infarction.

We can still improve on these very positive results!


