
Novelties of Interventional Devices

Samin Sharma, MD, FACC
Professor of Medicine (Cardiology)

Director Cardiac Cath Lab & Intervention
Co-Director Cardiovascular Institute

Mount Sinai Hospital, NY

40th NY Cardio Vascular Symposium



Intervention 2007

Andreas Greuntzig
1939 - 1985

His dream was the catheter-
based  percutaneous 
treatment of vascular 
disease in alert, awake 

patients



Evolution of Coronary Intervention

1980-91 1991-94/5 1994-2001

Device: PTCA (POBA)
Antithrombotic: ASA,

IV heparin 

Major 
Complication
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Antithrombotic: ASA,
Persantin, IV heparin 
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Device: Stent, AngioJet,
Distal protection device
Antithrom: Clopidogrel,
LMWH,GPIIb/IIIa Inh 
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Worldwide Coronary Interventions and 
Stent Procedures
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Novelties in Interventional Devices 
Topics

1. Devices for Hemodynamic support

2. Devices for Refractory angina

3. Devices for Thrombotic lesions

4. Devices to Increase lesion crossability

5. Devices for Bifurcation lesions

6. Other emerging modalities: Myogenesis

7. Devices to reduce late Stent Thrombosis



High-Risk PCI 
(LMCA, Single vessel, AMI)

LVEF >30% LVEF <30%

IABP
During large 

MI/CS

Tandem Heart 
(FDA Approved)
Impella Device

(Investigational)

Devices for Hemodynamic Support



Percutaneous Transseptal LV Assistance

• Removes oxygenated blood from LA 

via transseptal cannula inserted through 

the femoral vein

• Returns blood via femoral artery

BENEFITS:

• Reduce preload

• Reduce ventricular workload

• Reduce myocardial oxygen demand

• Increase MAP

• Improve microvascular and systemic 

perfusion



Case RL: PTVA Heart Assist

- 72 yr old F with non-STEMI & CHF;
-LVEDP markedly elevated; severe LV 
dysfunction LVEF 9%;
- Cardiac MR revealed viability in 
anterobasal, inferior and lateral areas
- Recent cath revealed 3 V+LM CAD

-PTVA system placed in LA prior 
to PCI 
-Pt underwent Rota LM/LAD/LCx
- DES placed in distal LM 
bifurcation (SKS technique) 
(Taxus stents placed in prox 
LCx/prox LAD and distal LM)



IMPELLA LP 2.5 Catheter 

Blood

Blood

MOTOR



Case RA: PROTECT I Trial (Impella Device) 

- 55 yr old M with non-STEMI 
and prior MI x2, congestive 
heart failure; 
-severe LV dysfunction (LVEF 
18%) by echo; 
-Viable myocardium in anterior 
and lateral walls
- Recent cath revealed 3V + LM 
disease and LVEF 20%



- Impella recover LP 2.5 
system placed in LV prior 
to PCI (pt enrolled into the 
PROTECT-I IMPELLA 
Trial)

- DES placed in ostial LM 
(3.5/8.0 mm Cypher), 
proximal LAD (3.5/18 mm 
Cypher), LCx-OM1 (2.5/18 
mm Cypher)

- Discharged home after 
24hrs on OMT

Case RA: PROTECT I Trial (Impella Device) 

‘We can now safely perform PCI
in high risk patients irrespective

of baseline LV dysfunction
(even in single digit)
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Refractory Refractory Angina
• 52 yr male with h/o DM, CRI, MI x 2 (LVEF 38%), Stent of RCA x 2,
Stent/PRCA of LAD x 2, underwent CABG x 4 one yr ago and presents

with re-MI (3 rd) 

• Cath revealed occluded LIMA, occluded SVG to OM, occluded SVG
to RCA and 80% stenosis of SVG to diagonal with LVEF 28%



Percutaneous Laser Revascularization



92 vs 9332 vs 10 (p<0.001)Holmium YAG123302001Whitlow et al †

98 vs 9734 vs 42 (p<0.01)Holmium YAG62982000Leon et al †
12

12

12

12

12

12

12

F/U
(mths)

93 vs 9734 vs 14 (p<0.01)Holmium YAG2212000Oesterle et al†
88 vs 9239 vs 0 (p<0.01)CO21002000Aaberg et al

85 vs 7972 vs 13 (p<0.01)CO21981999March et al

89 vs 9624 vs 4 (p<0.01)CO21881999Schofield et al

95 vs 9048 vs 14 (p<0.01)Holmium YAG1821999Burkhoff et al

84 vs 8976 vs 32 (p<0.01)Holmium YAG2751999Allen et al

85 vs 7972 vs 13 (p<0.01)CO21921999Frazier et al

1-year
survival

(%)*

Pts with 2 class
angina improv.

(%)

Laser
typenYearStudy

One-year Follow-up

Randomized Trials of 
Transmyocardial Laser Revascularization

* p=NS, †PTMR

Percutaneous laser has no
Effect/benefit and is not 

done currently



SPECT – Sestamibi Perfusion Imaging Post 
Gene Transfer (VEGF)

Losordo et al. Circulation 1998;98:2800

• Five pts with class IV
refractory angina had
VEGF injection via
mini-thoractomy.

• Results:
- significant ¯̄̄̄ in angina
- improved perfusion
- improved collaterals



Vascular Gene Therapy Trials

79

13

59

24

21

5

9

# pts ResultsTargetAgent usedAuthor et al

Intracoronary

Intramyocardial

IV and 
intracoronary

Intramyocardial

Intramyocardial

Intramyocardial

Limb ischemia

Treatment group had significant ­­­­
in exercise duration and exercise 
toleration time

Electromechanical mapping and 
SPECT imaging showed a ¯̄̄̄ in 
myocardium ischemia

Improvement in stress & rest 
SPECT perfusion imaging afetr 
180 days

High-dose group had significantly 
improved on stress nuclear 
imaging after 3 months

Angiography & stress sestamibi 
scan assessment of wall motion 
improved in most pts

Dobutamine SPECT tomography 
& collaterals improved in all 5 pts

VEGF levels ­­­­ , ABI & MRA 
improved, 4/7 ulcers improved

Recombinant 
FGFUdelson

Plasmid 
VEGFBaumgartner

Plasmid 
VEGFVale

Recombinant 
adenovirus 
FGF

Grines

Basic FGF via 
microcapsulesLaham

Adenoviral 
VEGFRosengart

Plasmid 
VEGFLosordo

ABI=ankle/brachial index, FGF=fibroblast growth factor, VEGF=vascular endothelial growth factor.

‘Coronary angiogenesis is still in
very primitive stages’



Coronary Sinus Reducer Stent for Chronic 
Refractory Angina: First-in-Man Study 

Banai et al. J Am Coll Cardiol 2007;49:1783

Implantation of the Coronary Sinus Reducer Stent in Human Coronary Sinus

Contrast-filled inflated balloon of 
the Reducer stent

RESULTS: All procedures were completed successfully without complications. Angina score 
improved in 12 of 14 patients (3.07 at baseline and 1.64 at follow-up). Stress-induced ST-
segment depression was reduced in 6 of 9 patients and was eliminated in 2 of these 6. The 

extent and severity of myocardial ischemia by dobutamine echo and by SPECT was reduced.

The Reducer stent on the 
inflated designated balloon

The Reducer stent Retrograde angiography of the coronary 
sinus after implantation of the Reducer. 
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Thrombotic Lesions: Proposed Mechanism and Treatment 
for No-Reflow

Serotonin Release

Vasoconstriction

Vasoconstrictive

Distal Embolization

Mechanical Plugging

MechanicalThrombotic

Platelet aggregates

Microvascular
occlusion

Ca++  blockers

SNP, Adenosine IIb/IIIa blockers
Distal Protection Devoices



Distal Protection Devices

• AngioGuard (Cordis)

• AccuNet (Guidant)

• FilterWire (EPI-BSC)

• NeuroShield/CardioShield
(MedNova)

• The Trap VFS (MicroVena)

• Interceptor (Medtronic)

• Rubicon



The FIRE Trial
Results: MACE (death, MI, uTVR)

9.2 9.59.4

11

5

10

15

p=ns

%
Incidence

FilterWire Ex (n=304)
GuardWire+ (n=283)

In-hospital          30-day
Stone et al. Circulation 2003

p=ns

•Thrombus grade 
3-4 was present
in 9% of both 
groups.



Conclusion: Thrombotic Lesions & PCI
Outcomes in the Current Device / Drug Era

Distal 
protection D

Stent

TEC
AngioJet

Stent

TEC
?stentBalloonDevice

Abciximab
Tiro/Eptifi

Abciximab
Tiro/Eptifi

UK
tPA

UK
tPADrugs

<1010 – 1515 – 25>25MACE* (%)

>9088 – 9080 – 8580Success (%)

>20001996 - 19991990 - 19951980 - 1990Year

* Death, MI, emergent revascularization or CVA
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Impact of Completeness of PCI Revascularization on 
Long-Term Outcomes in the Stent Era 

Adjusted Survival Curves for Stenting: 3 Incomplete Revascularization ( 68.9%) Subgroups 
vs. Complete Revascularization Group (31.1%) 1997-2000

(n=6817)
(n=1321)

(n=3232)
(n=2057)

Hannah, Holmes, King, Sharma et al. Circulation 2006;113:2406 

2.77 [2.29-3.35]1321
³³³³ 2 IR vessels and at least 1 total 
occlusion

1.88 [1.57-2.27]2057³³³³ 2 IR vessel with no total occlusions

6817Complete Revascularization

3232

8518

N

1.20 [1.04-1.38]1 IR vessel with no total occlusion

1.98 [1.53-2.13]

Unadjusted HR Compared 
with CR [95%CI]

1 IR vessel is totally occluded



New Devices for CTO Recanalization

FrontrunnerFrontrunner SafeSafe--Steer Steer CrosserCrosser

•Newer stiff guidewires - Crossit, MiracleBro, Confianza
•Hydrophilic guidewires - Confianza-Pro, Shinobi

•Facilitate TO crossing - Tornus, Gopper, Venture



A stainless steel specialty 
catheter that is designed to 
support and/or exchange a 

guide wire in the 
treatment of CTOs

Tornus

Micro-catheter

1.5 mm Balloons



Venture Wire Control Catheter

Tip can be deflected from
straight to 90 degrees

Tip deflection is mechanically activated
by turning knob on proximal handle



VentureTM

Wire Control Catheter
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Prebranch Postbranch
Parent
vessel
only

Ostial
Prebranch

and
ostial

Bifurcation

Bifurcation Lesion Classification

A

FED

B C

<5% <5%
5-10%

10-15%

<5%15-20%

Side-branch Compromise After PCI

Most common =45%

Cause:
Plaque shift

Spasm
Dissection



Various Techniques for Stenting Bifurcation Lesions

Bifurcation Lesion

Main
vessel

Side-
branch

Stent the MV+
Balloon or Debulk SB ..and stent the SB only 

if suboptimal results: 
CP, EKG DDDD, <TIMI III 

flow, >90% stenosis

Provisional/
Conventional 

Stent Technique
Stent+stent

(“T stenting”)
Stent+stent

(“reverse-T”)



6-Months Follow-Up

0

1

2

3

4

5

%

MV  (n = 207)
MV + SB (n = 206)

Death MI               TLR             TVR            Stent 
thrombosis

1.0

P = NS P = NS P = NS P = NS P = NS

1.5 1.4
1.0

1.4

2.0

1.4

2.5

1.0

0.0

MV and SB Stenting vs. Optional SB Stenting Using Sirolimus-
Eluting Stents in Bifurcation Lesions: NORDIC Bifurcation Study

Steigen et al, Circulation 2006;114:1955



Various Techniques for Stenting Bifurcation Lesions

Bifurcation Lesion

Main
vessel

Side-
branch

Stent+PTCA Stent+stent
(“T stenting”)

Stent+stent
(“Y” or “V”)

“V”2

1

1

Stent+stent
(“Culotte”)

1 2

Stent+stent
(“reverse-T”)

Stent+stent
(“Crush”)

2 1

Stent+stent
(“Kissing”)



Bifurcation Lesion Intervention Using DES
“Simultaneous Kissing Stent” (SKS) Technique

Pre Post

If carina is <2mm= V-stenting



Bifurcation lesion involving LAD and Diagonal

LAD Diagonal

IVUS images revealing double lumen and carina

SKS Technique



SKS-DES Technique for Bifurcation Lesion

0

2

4

6

8

10

30-day        SAT        Late Stent     Death     MI             TVR   CABG      Cumulative
MACE      30-day     Thrombosis                                   (Re-PCI 4%)                      MACE

% 5

0

Mid-Term (9 +4 mo) F/U Results in 200 pts (202 lesions)

9

Both
2

SB
3

Sharma S. CCI;65:10, 2005

1 1

4

2

5





TAXUS® Petal™ Bifurcation Stent
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Main Branch Stent 

Petal (2mm out pouch)

First-Human-Use trial of 45 pts using Petal 
DES has started in New Zealand/Australia



A Dedicated Bifurcation DES (DEVAX)

The flared shape of the AXXESS PLUS
stent matches the flared geometry of a 
bifurcation.

The AXXESS PLUS stent can expand into both the MB and SB
providing complete vessel coverage at the level of the carina.

2 distal stent markers in D1

1 distal stent marker in LAD



>2.75 mm

Interventional Algorithm for Bifurcation Lesions
DES for Bifurcation lesion

Side-branch size

2.00 – 2.75 mm <2.00 mm

Bifurcation
stenting

• “SKS” technique

• “T” stent technique

• “Cullote” technique

• “Crush T” technique

Plaque modification
of the side-branch

• Atherotomy, Rota

+
Stent only the main vessel

Save the 2nd stent for restenosis

Stent only 
the main vessel

+

For side-branch…

Even if goes down:Ignore
& increase Beta blockers

Lesion preparation: Rota, CB

Leave the wire in the SBr
GP IIb/IIIa inhibitors

‘We yet to have a + trial showing 2 stents 
better than one even in a large side-branch’
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Bone Marrow Cells Regenerate Myocardium

Orlic et al. Nature 2001;410:701

MI injected with Lin¯ c- kitPOS cells
from bone marrow (arrows);
VM = viable myocardium
Arrowheads indicate regenerating myocardium

b – MI 
c, d – MI injected with Lin¯ c-kitPOS cells
e – MI injected with Lin¯ c-kitNEG cells
*Necrotic myocytes
New myocytes were not found in mice
injected with Lin¯ c-kitNEG cells.



Assmus et al. Circulation 2002;106:3009

TOPCARE – AMI Clinical Trial

FDG-PET bulls-eye (initial & f/p)

LV – Angiography (RAO initial & f/u)

56.1 ±±±± 20.0

117.2 ±±±± 35.1

51.6 ±±±± 9.6

Baseline

(n = 19)

42.2 ±±±± 15.1

105.2 ±±±± 29.9

60.1 ±±±± 8.6

Follow-up

(n = 19)

0.011End-systolic vol (ml)

0.199End-diastolic vol (ml)

0.003Ejection fraction (%)

p

LV Function on LV gram in the Cell Therapy Group

LV Function on LV  gram in the Control Group

50.4 ±±±± 17.5

102 ±±±± 23.6

51 ±±±± 10

Baseline

(n = 11)

58.2 ±±±± 32.2

123 ±±±± 50.3

53.5 ±±±± 7.9

Follow-up

(n = 11)

NSEnd-systolic vol (ml)

NSEnd-diastolic vol (ml)

NSEjection fraction (%)

p



Uncertainty regarding risk 
and timing

Widespread practicalityCytokine mobilization

Autologous cells impractical; 
No. of cells may be inadequate

No intramyocardial 
injection; may be equally 
efficacious

Intravenous stem 
cells

Preparation of cell complex

Imaging technology and 
catheterization expertise 
required

Engraft but do not transform; 
ventricular arrhythmias

Disadvantages

Possible wide use in 
catheterization lab

Intracoronary
stem cells

Short-term safety very 
likely; clinical trials 
ongoing

Abundant cell source; 
clinical trials ongoing

Advantages

Transendocardial 
stem cells

Strategy
Intramyocardial 
skeletal myoblasts

Advantages and Disadvantages of Potential Clinical Strategies for 
Restoration of Myocardial Function



REPAIR-AMI Trial: Improved Clinical Outcome after Intracoronary 
Administration of Bone-Marrow-Derived Progenitor Cells in AMI

Schächinger et al, European Heart Journal 2006;27:2775

Study Design
204 pts

N = 6

PLACEBO
n = 103

BMC
n = 101

103 pts 101 pts

100 pts 101 pts

N = 2

N = 3

N = 101 N = 101

N = 98

N = 92

N = 101

N = 95

Pts with revascularized AMI

Bone Marrow aspiration and 
Randomization

Intracoronary infusion attempted

Intracoronary infusion performed

Complete LV angio analysis at 4 mo

4 months FU
Lost to 12 mo FU

12 months FU

Dead



REPAIR-AMI Trial: Improved Clinical Outcome after IC 
Administration of Bone-Marrow-Derived Progenitor Cells in AMI

Schächinger et al, European Heart Journal 2006;27:2775

Kaplan-Meyers Event-Free Survival Analysis
Death, Recurrence of MI or 

Revascularization Procedures
Death, Recurrence of MI or Rehospitalization 

for Heart Failure

%

Days after stenting
0   100              200 300 360

100

90

80

70

60

0

Placebo
BMC

P = 0.01
Number 
exposed 
to risk

103 91              68 63 55
101            97    80   77  66   

%

100

90

80

70

60

0

103 93              89              85          79
101            99              99              98          85  

Days after stenting

0   100              200 300 360

P = 0.006

BMC

Placebo

BMC

Placebo

2%

12%



REPAIR-AMI Trial: Improved Clinical Outcome after Intracoronary 
Administration of Bone-Marrow-Derived Progenitor Cells in AMI

Schächinger et al, N Engl J Med 2006;355:1210

Interaction between Baseline LVEF and
the Absolute Change in LVEF

0

10

20

30

40

50

60

70

%

46.9 
± 10.4

Placebo (n = 92)
BMC (n = 95)

P = 0.31

Baseline                       4 Mo    

P = 0.02

48.3 
± 9.2

49.9 
± 13.0

53.8 
± 10.2

DDDD 5.5 ± 7.3

DDDD 3.0 ± 6.5

Baseline LVEF  <49%              Baseline LVEF >49%       
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Intracoronary Injection of Mononuclear Bone 
Marrow Cells in AMI: ASTAMI study 

Lunde et al, N Engl J Med 2006; 355:1199

Study Design
Day 0: pt with acute anterior wall MI undergoes PCI with 
stent implantation in culprit lesion in LAD coronary artery

Day 3-5: randomization

50 assigned to mononuclear 
BMC group

50 assigned to 
control group

Day 4-7: baseline recordings on SPECT and echocardiography

Day 4-8: bone marrow aspiration 
and intracoronary mononuclear 

BMC injection

2-3 week after MI: MRI

6 mo after MI: SPECT, echocardiography, MRI, coronary angiography



Transcoronary Transplantation of Progenitor Cells after 
Myocardial Infarction

Assmus et al, N Engl J Med 2006; 355:1222

Study Design
Eligible pts (N = 17)

CPC (N = 10) BMC (N = 7) Phase 1: Pilot trial

Eligible pts (N = 75)
1st LVA

CPC (N = 24)
2nd LVA

Control (N = 23)
2nd LVA

BMC (N = 28)
2nd LVA

BMC (N = 21)
3rd LVA

CPC (N = 10)
3rd LVA

BMC (N = 21)
3rd LVA

CPC (N = 10)
3rd LVA

Phase 2: Randomized, 
Controlled trial

Phase 3: Crossover Phase

LVA = LV angiogram



Cardiac Cell Therapy – Mixed Results from Mixed Cells
Randomized, Controlled Trials of BMC for Cardiac Disease

Approx. 2.4X108

Ficoll-separated 
BMC 

Approx. 7 x 107

Ficoll-separated 
BMC 

Approx. 2 x 108

Ficoll-separated 
BMC or approx 2 
x 107 cultured 
CPC 

Approx. 3 x 108

Ficoll-separated 
BMC

Approx. 2.5 x 109
unfractionated 
BMC

# Cells Admin

Randomized, double-blind trial
101 pts received BMC; 98 
received placebo infusion
LVEF assessed by LV 
angiography

Randomized trial
47 pts received BMC, 50 
received no infusion
LVEF by SPECT, Echo & MRI

Randomized, cross-over trial
In the second phase, 24 pts 
received CPC, 28 received BMC, 
23 received no infusion

Randomized, double-blind trial
33 pts received BMC; 34 
received placebo infusion
LVEF was assessed by MRI

Randomized trial
30 pts received BMC, 30 
received no infusion
LVEF assessed by MRI

DESIGN

At 4 mo: greater absolute 
increase in LVEF in BMC vs 
placebo group (5.5% vs. 
3.0%)
At 1 yr: reduction in MACE

PCI after 
AMI

REPAIR-
AMI

PCI after 
AMI

Chronic 
LV 
dysfunctn

PCI after 
AMI

PCI after 
AMI

SETTING

At 6 mo: no significant 
difference in LVEF between 
the 2 groups

At 3 mo: greater increase in 
LVEF (2.9 percentage 
points) in BMC group than 
in CPC group or control 
group

At 4 mo: no significant 
difference in overall LVEF; 
decreased infarct size and 
better regional fn in BMC

At 6 mo: LVEF 6% greater 
in BMC than in control 
group
At 18 mo: no significant 
difference in LVEF in 2 gp

RESULTS

ASTAMI

TOPCARE
-CHD

Janssens et 
al.

BOOST

TRIAL



ASTAMI, REVIVAL-2 & REPAIR-MI 
Trials of Myogenesis

Conclusions
Intra Coronary BM cell injection in patients 

with AMI and successful mechanical 
reperfusion has variable influence on infarct 

size, LV function or MACE at 1-year.
This field is still evolving with more data to be 

accrued before becoming the mainstream 
treatment of AMI
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Worldwide Coronary Interventions and 
Stent Procedures
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2nd 3rd 4th       5th DES             2nd generation
generation BMS                   approval              DES

1.2M (60%) are done in USA

>90%
DES in

USA 2006

1.95 M
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DES Safety and Efficacy
Ravenous Penetration of DES: 2006

>8 million DES 
implanted worldwide

>5 million patients 

treated worldwide



DES Safety and Efficacy
9 Prospective, Double-Blind, Randomized Trials: 

Freedom From All Cause Death

Stone et al, NEJM 2007;356:998
Time after Initial Procedure (years)Time after Initial Procedure (years) Time after Initial Procedure (years)Time after Initial Procedure (years)

P=0.19

94.8% (44)

93.3% (57)

0         1          2          3          40         1          2          3          4

RAVEL, SIRIUS, E-SIRIUS & C-SIRIUS
(n=1,748)

0         1          2          3          40         1          2          3          4

TAXUS I, II, IV, V, VI
(n=3,506)

P=0.70

93.4% (92)

93.9% (86)



DES Safety and Efficacy
9 Prospective, Double-Blind, Randomized Trials: 

Freedom From Myocardial Infarction

Time after Initial Procedure (years)Time after Initial Procedure (years) Time after Initial Procedure (years)Time after Initial Procedure (years)

P=0.86

93.8% (53)

93.6% (55)

0         1          2          3          40         1          2          3          4

RAVEL, SIRIUS, E-SIRIUS & C-SIRIUS
(n=1,748)

0         1          2          3          40         1          2          3          4

TAXUS I, II, IV, V, VI
(n=3,506)

P=0.64

93.7% (104)

93.0% (110)

Stone et al, NEJM 2007;356:998



DES Safety and Efficacy
9 Prospective, Double-Blind, Randomized Trials: 

Freedom From Ischemic TLR

Time after Initial Procedure (years)Time after Initial Procedure (years) Time after Initial Procedure (years)Time after Initial Procedure (years)

P<0.0001

76.4% (202)

92.2% (66)
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RAVEL, SIRIUS, E-SIRIUS & C-SIRIUS
(n=1,748)

0         1          2          3          40         1          2          3          4

TAXUS I, II, IV, V, VI
(n=3,506)

P<0.0001

80.0% (337)

89.9% (164)

Stone et al, NEJM 2007;356:998



DES Safety and Efficacy
9 Prospective, Double-Blind, Randomized Trials: Freedom From 

(Protocol) Stent Thrombosis

Time after Initial Procedure (years)Time after Initial Procedure (years) Time after Initial Procedure (years)Time after Initial Procedure (years)

P=0.20

99.4% (5)

98.8% (10)
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(n=3,506)

P=0.29

99.1% (14)

98.7% (20)

Stone et al, NEJM 2007;356:998



DES Safety and Efficacy
The ESC Firestorm Aug 28’ 06



NY Times Article – DES Issues



Millions of 
Americans could be 

walking around 
with tiny time 
bombs in their 

hearts….



Stent Thrombosis:  A rare serious adverse event Stent Thrombosis:  A rare serious adverse event 
That Can Occur Any Time PostThat Can Occur Any Time Post--Stent ImplantationStent Implantation

Very 
Late ST

>1 year to ?3 yrs

Late ST 1  to 12 months

SAT 24 H to 30 days

24 HoursAcute ST



DS – First Cath

• 52 yrs old male presented with chest pain 

• Positive stress MPS for multivessel ischemia

• H/o Hypercholesterolemia on Lipitor for 1 yr

• LH Cath:   Extensive III vessel Disease

Normal LV function 



DS – First Intervention: 3/2/04

• 80-90% obstruction of 

LCx and subtotal occlusion 

of LAD

• 3.0/33.0 mm Cypher in  

prox LAD and 3.5/13.0 mm 

Cypher in distal LCx

• 10% residual after PCI

• ReoPro bolus + infusion



DS – Second Intervention: 4/9/04

• Staged RCA (DES of 

proximal and distal RCA)

• 90-95% obstruction of 

RCA, with patent 

intervention sites (from the 

previous week); 3.0/33mm 

Cypher stent

• Integrilin double bolus



DS – 4/12/2005

• 54 yrs old male presented with positive stress test but 

asymptomatic

• Medication: Crestor, Atenolol, Plavix, Aspirin

• LH Cath :   non-obstructive CAD

normal LV function 

patent stent sites in RCA, LAD and LCx



DS – Cath (4/12/05)

• RCA prox and distal 

– patent PCI sites

• LAD – prox: patent   

PCI site; mid –

myocardial bridge

• LCx – distal and 

OM2: patent 

intervention site



DS – PCI (10/25/05)
• 6 months later, pt presented with chest pain while 

cutting a tree, and shortness of breath

• medication: Crestor, Atenolol, Aspirin; Plavix was 

stopped 6 weeks ago

• LH Cath:   I vessel CAD

LST of LAD

Patent stent sites in RCA and LCx

Minimal LV dysfunction



DS – PCI (10/25/05)

• Patent RCA and LCx 

stent sites

• LAD – Stent thrombosis/ 

Cypher; PTCA followed 

by a 3.0/20.0 mm TAXUS  

stent

• Integrilin bolus only



DS – 10/12/2006

• No symptoms and doing all activities (of course his wife   

is not letting him cut the trees)

• Medication: Crestor, Atenolol, Plavix (lifelong), Aspirin

• Stress MPS:  BRUCE IV 10:15min, 0.5mm ST seg dep

No chest pain or SOB

Normal LV function LVEF 65%

No ischemia



History of Stent Thrombosis
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1. Schatz et al; Circulation 1991;83:148; 2. Fischman et al; N Engl J Med1994;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 



Contributors to Stent Thrombosis
Compounding Factors Beyond the Stent

Patient & Lesion Factors
• ACS, unstable angina
• Underlying coagulopathy, malignancy
• Diabetes, low ejection fraction or chronic renal 

failure
• Vessel size, lesion length, arterial structure
• Vulnerable plaque regions

Stent Thrombogenicity
• Material
• Design
• Surface coating
• Incomplete endothelialization

Procedural Complexity
• Morphometric (under-expansion, 

malapposition)
• Morphologic (dissection, thrombus, 

protrusion)
• Mechanical vessel injury

• Anti-platelet therapy
Multifactorial nature of stent thrombosis

Honda et al, Circulation 2003;108:2



826 pts all undergoing PCI irrespective of indication 
[of 988 (84%) consecutive pts – only excluded were RVD >4.0 mm 
(n = 23), ISR lesions (n=49) and no consent (n=90)] 1281 lesions

BASKET Trial
Study Design

Kaiser C et al, Lancet 2005;366:921

Cypher stents
N = 264

Taxus stents
N = 281

Bare metal VISION stents
N = 244

Clopidogrel for 6 months in all patientsClopidogrel for 6 months in all patients

Primary endpoint: Cost-effectiveness at 6 months
Cost per MACE prevented

MACE = cardiac death, nonfatal MI and TVR



BASKET Trial
6 Mo MACE (N = 824 with 6 mo FU))

Kaiser et al, Lancet 2005;366:921
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743 pts randomized in the BASKET trial and
WITHOUT AN EVENT DURING THE 6-MONTHS

CLOPIDOGREL PHASE

BASKET LATE Trial
Study Design

Pfistereret al, ACC 2006; JACC 2006; 48:2584

Bare metal
VISION stents (BMS)

N = 244

Followed for 1 year off Clopidogrel (6Followed for 1 year off Clopidogrel (6--18 mo)18 mo)

• Primary endpoint: Composite cardiac death or nonfatal MI

• Other endpoints: “Thrombosis-related events”

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

N = 499



BASKET LATE Trial
6-18 Mo MACE (N = 743; pts with early events excluded)
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BASKET Trial
18 Mo MACE (N = 836; all ptswith 18 mo FU)
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Impact of Premature Thienopyridine 
Discontinuation: The PREMIER Registry

1-Year Mortality

SpertusJA et al, Circulation 2006;113:2803

• 500 pts with AMI undergoing 
primary PCI with DES at 19 US 
medical centers, alive and well at 
30 days
• 68 (13.6%) were no longer 
taking prescribed thienopyridines 
at 30 days
• Propensity adjusted for reasons 
to d/c thien: HR=9.02 (1.03-60.6), 
P=0.020
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P <0.0001



Incomplete Strut Endothelialization With DES?
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Angioscopy at 8 months post SES implantation

Kotani et al, JACC 2006;47:2108
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Joner et al, JACC 2006;48:193
Longer period of anti-platelet therapy is needed after DES



IVUS analysis

DES and Late Stent Thrombosis
Incomplete Stent Apposition



Optimal Duration of Clopidogrel Post DES Still Remain 
Unclear (Aspirin 81-325 mg daily for life)

Cypher Stent
Launch
5/2003

AHA/ACC PCI
Guidelines 2001

(TAXUS stent 6 months post PCI)
(Cypher stent 3 months post PCI)

AHA/ACC/SCAI
Updated  Guidelines 2005

ESC 2005/ACC 2006 
PCI Updated Guidelines

(12 months post PCI)

CURE, PCI-CURE – 2001
CREDO – 2002

TAXUS Stent 
Launch
3/2004(9-12 months post PCI)

9-12 months

BMS Era DES Era

(FDA panel
recommendations) 

Plavix should be
continued for 1 yr

or even longer if no
contraindications 

If not sure about Plavix compliance or Plavix has to be interrupted 
in 6-12 months, then BMS may be safer and should be preferred

AHA/ACC
Updated  Guidelines 2006
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DES Thrombosis and Relationship to Thienopyridines

Airoldi et al. Circulation 2007;116:696

Dual Antiplatelet Therapy and Incidence of Stent Thrombosis
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CHARISMA Trial : Pts With Prior MI, Stroke or 
Symptomatic Peripheral Arterial Disease

Bhatt et al. J Am Coll Cardiol 2007;49:1982

Instantaneous Hazard for Cardiovascular Death, MI, or Stroke or 
for Severe or Moderate Bleeding

Instantaneous hazard for 
cardiovascular death, MI, or stroke

Instantaneous hazard for severe or 
moderate bleeding
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SCAAR (Swedish Coronary Angiography and Angioplasty 
Registry): Long-Term Outcomes with DES vs. BMS

James Stefan, ESC Congress 9/2/2007; Vienna, Austria

‘Oops we made a terrible mistake last year 
Which costed the DES makers few billion$

Besides making public frenzy & lawyers richer’
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Bare Metal Stent Restenosis is Not a 
Benign Clinical Entity 

36% of BMS-ISR Cases Presented as MI or UA 
Requiring Hospitalization (N = 984)

Procedural 
mortality of 

0.8%



Very Late Stent 
Thrombosis (VLST)

Issues 1st gen DES vs. 2nd and 3rd generation DES

New Developments
New coating (absorbable coating, no coating)
Absorbable metallic or polymeric platform

New biological target (thrombosis, inflammation)

New drug (no cytostatic or cytotoxic)

New technique of elution  (dual elution)
Pro Healing approach (EPC capture)

Pro Healing approach + Sirolimus or Paclitaxel

Balloon coating (Paclitaxel and other)

Future Directions of DES Clinical Trials
1st endpoint: Stent thrombosis

2nd endpoint: Death, MI

3 yrs 3 yrs

“Protect” Endeavor             CYPHER

= 9,000 pts

1st endpoint: Death, MI
2nd endpoint: Stent thrombosis

1 yr 3 yrsvs.
ADEPT

ASA/Prasugrel
ASA/Clopidogrel

Post DES = 11,000 pts



Everolimus DES - Xience V (Abbott)
Components

Fluoropolymer

ML VISION
Stent Delivery 

System

ML VISION
Stent Platform

Everolimus

SPIRIT 
Clinical Trials



PC TechnologyPC Technology Drug: ZotarolimusDrug: Zotarolimus

Stent Delivery SystemStent Delivery SystemDriver Cobalt Alloy StentDriver Cobalt Alloy Stent

Endeavor DES (Medtronic)
Components

ENDEAVOR 
Clinical Trials



CYPHER Stent 

TAXUS Stent

ENDEAVOR Stent

XIENCE V Stent 
-0.1          0            0.1          0.2            0.3       0.4

Event Rate/ 100 patient year OR��� � 95% CI

Stent Thrombosis RatesStent Thrombosis Rates
(Upto 2(Upto 2--3 yrs)3 yrs)

0.20

0.10*

0.23 (0.070, 0.39)

(0.076, 0.32)

(0.00, 0.24)

0.14*
(0.028, 0.28)



Endeavor Safety Analysis
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Drug Eluting Stents Comparison 
(Scale of 1 to 4+)

??5545Market Share (%)
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Suwaidi et al. 
29% reduction1

N = 5217

Babapulle et al. 
52% reduction2

N = 5130 N = 2449 N = 2641

49% reduction

N = 408 N = 892

1) Suwaidi et al.  American Heart Journal 2004; 147; 815-22.
2) Babapulle et al.  Lancet 2004; 364: 583-91.

Technological Evolution



HEALINGHEALING --1 Trial1 Trial



Genous Bio-engineered  R Stent

5000 pts treated with OrbusNeich’s Genous Bio-engineered R stent

now enrolled in real-life US Registry



XTENT Procedure
Ability To Treat Multiple Lesions with Single Device

Multi lesion case Cross 1 st target and 
expose desired stent

Separate 

Inflation of exposed stent 
only 

Retract balloon -
high pressure post-
dilatation capabilities

Access 2nd target 
with same device



THE FUTURE DES

DES BMS 
6-9 months

Evolution at 6-9 months:
Stent only (BMS)

Polymer is also gone!  

Metal stent

PolymerDrug

DES Deployment:
Stent+Drug+Polymer

Metal stent

Polymer

Evolution at 2-3 months:
Stent+Polymer 

Drug Gone!

Metal stent



ARTS: STENT74

95 ARTS-2: DES94 ARTS-2: CABG

ARTS: CABG88
CABRI: CABG91
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Event-free survival at
12 months in SIRIUS/TAXUS
trial with DES: 93-95%



SYNTAX Trial (Completed enrollment 5/07)

De Novo Disease Acceptable for Revascularization
N = 4300

Left Main disease3-vessel disease and/or

Randomize 1800
710 LMCA

CABG Registry 
(N = 2750)

PCI Registry 
(N = 50)

TAXUS PCI CABG

Primary NI endpoint: 1-Year MACCE, all cause death, MI, cerebrovascular 
events, repeat revascularization



FREEDOM Trial

All concomitant Meds shown to be beneficial are encouraged, 
including: Plavix, ACE inhibitors, ß-blockers, Statins etc

MV-DES
With abciximab

1º Endpoint: 3-year mortality/MI/Stroke
2º Endpoint: MACCE at 1,3, 5 years  

Multivessel Sirolimus Stenting vs. CABG in Diabetics
PI: Valentin Fuster

2400 patients Randomized 1:1

Eligibility: DM patients with MV-CAD eligible for s tent or surgery
Exclude: Patients with acute MI and/or cardiogenic shock

CABG
With or without CPB



Novelties in Interventional Devices 
Topics

1. Devices for Hemodynamic support

2. Devices for Refractory angina

3. Devices for Thrombotic lesions

4. Devices to Increase lesion crossability

5. Devices for Bifurcation lesions

6. Other emerging modalities: Myogenesis

7. Devices to reduce late Stent Thrombosis
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Interventional Cardiology 2007

Andreas Greuntzig
1939 - 1985

His dream was the catheter-
based  percutaneous treatment 

in most (>98%) coronary 
lesions with very high (>95%) 
success in alert awake patients 

with low (<1%) ischemic
complications

We can now say that 
Andreas Greuntzig’s 
dream has become a 

reality


