
Mark A. Turco, MD, FACC, FSCAIMark A. Turco, MD, FACC, FSCAI

Director, Center for Cardiac and Vascular ResearchDirector, Center for Cardiac and Vascular Research
Washington Adventist HospitalWashington Adventist Hospital

Takoma Park, MarylandTakoma Park, Maryland

Assistant Professor of MedicineAssistant Professor of Medicine
Uniformed Services University of the Health SciencesUniformed Services University of the Health Sciences

Bethesda, MarylandBethesda, Maryland



19771977 First PTCA by Andreas GruentzigFirst PTCA by Andreas Gruentzig

19861986 First Stent Implanted by Ulrich SigwartFirst Stent Implanted by Ulrich Sigwart

19941994 STRESS & BENESTENT Results ReleasedSTRESS & BENESTENT Results Released

20002000 ““First in Man ResultsFirst in Man Results”” –– Patrick SurreysPatrick Surreys

20012001 RAVEL Results RAVEL Results –– MarieMarie--Claude MoriceClaude Morice

20022002 The DES Era with the First Generations DES The DES Era with the First Generations DES 
StentsStents

20032003 Cypher: USCypher: US

20042004 TAXUS: USTAXUS: US

20052005 and Beyond:   New Generation DES stentsand Beyond:   New Generation DES stents

Innovation/Changing Times



History of Stent Thrombosis

Stent Thrombosis - clot formation inside a stent - has been an important 
complication since the earliest stent implants, but fortunately has progressively 
decreased in incidence due to the use of high-pressure stent deployment and 
current dual anti-platelet (aspirin and either ticlopidine or clopidogrel) therapy

0
2
4
6
8

10
12
14
16
18

0
2
4
6
8

10
12
14
16
18

PS1

1991
PS1

1991
STRESS2

1993
STRESS2

1993
Colombo3

1995
Colombo3

1995
STARS5

1997
STARS5

1997

St
en

t t
hr

om
bo

si
s 

(%
)

St
en

t t
hr

om
bo

si
s 

(%
)

16%16%

3.5%3.5%
1.4%1.4%

0.6%0.6%0.8%0.8%

ISAR4

1996
ISAR4

1996

CoumadinCoumadin
High-pressure 

balloons and Ticlid®
High-pressure 

balloons and Ticlid®
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DES Use ConsiderationsDES Use Considerations
•• Safety (death, MI, and stent thrombosis)Safety (death, MI, and stent thrombosis)

•• Efficacy Efficacy 

biologic activity (suppression of biologic activity (suppression of 
inin--stent intimal hyperplasia)stent intimal hyperplasia)

clinical benefit (prevention of repeatclinical benefit (prevention of repeat
revascularization events)revascularization events)

•• Deliverability (userDeliverability (user--friendly features)friendly features)

•• DurabilityDurability ((sustainedsustained efficacyefficacy over time)over time)

•• Indications/Patient Indications/Patient selectionselection

•• DeploymentDeployment techniquestechniques
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Ravenous DES Penetration
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Independent CRF patient-level meta-analysis from TCT 2006
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DES in high risk patient and lesions subsets
Diabetics
Ostial lesions
Long lesions
Small vessels
Treatment of in-stent restenosis
Drug-eluting stent failures
SVGs
LM
Bifurcation lesions
Acute MI



Procedure 

Stent Thrombosis
Complex interactionsComplex interactions

StentStent
ThrombosisThrombosis

• Post Dilation
• Flush apposition

Patient
• Higher Risk
• AP Compliance 

and Resistance

Device
•• Polymer integrity Polymer integrity 

and reactionsand reactions
• Drug effects



Late Stent Thrombosis—
Factors to Consider

Discontinuation of 
Anti-Platelet Therapy
Discontinuation of 

Anti-Platelet Therapy

Delayed
Endothelialization

Delayed
Endothelialization

Late Incomplete
Apposition

Late Incomplete
Apposition

Polymer Hypersensitivity/
Inflammation

Polymer Hypersensitivity/Polymer Hypersensitivity/
InflammationInflammation

Late StentLate Stent
ThrombosisThrombosis



Safety of Long-Term Clopidogrel
3 Placebo Controlled Trials3 Placebo Controlled Trials

3.7%

8.8%

3.8%
2.7%

6.7%

2.6%

0%

2%

4%

6%

8%

10%

CURE CREDO CHARISMA

Si
gn

ifi
ca

nt
 b

le
ed

in
g 

(%
) ASA + Clopidogrel

ASA + Placebo

3.7%

8.8%

3.8%
2.7%

6.7%

2.6%

0%

2%

4%

6%

8%

10%

CURE CREDO CHARISMA

Si
gn

ifi
ca

nt
 b

le
ed

in
g 

(%
) ASA + Clopidogrel

ASA + Placebo

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



Innovative Technology Lifecycle

Unbridled Unbridled 
enthusiasmenthusiasm

(perception > data)(perception > data)

Rapid Rapid 
adoptionadoption

(data > perception)(data > perception)

Untoward Untoward 
complicationscomplications

(perception > data)(perception > data)
•• crevicecrevice
•• abyssabyss

Second wave effectSecond wave effect
(technology + new data)(technology + new data)

Realistic Realistic 
applicationsapplications

(data >> perception)(data >> perception)

W
e are here!

W
e are here!



Unmet Clinical Needs in DES Era

Diabetic vascular disease 

Diffuse/Multi vessel disease 

Bifurcation

Chronic Total Occlusions

Left Main/Ostial disease



Future Post Market Data

STENT Thrombosis Registry: 10,000 patients

E-Select : 30,0000 patients

PROTECT Trial: 8,000 patients



Conclusion
Weigh risks and benefits

The DES device-related contributions to LST 
are poorly understood but need to be 
determined.

We must focus on safety first and solve any 
dilemma of LST associated with DES, while 
preserving clinical efficacy.

New drug carrier systems need to be 
appropriately and aggressively evaluated.

If we do not continue to push forward and add 
to the advances of DES we will be left with 
need that have not been met.


