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Defining Stent Thrombosis

Acute occlusion of a previously patent
stent

Clinical syndrome (presents with acute
coronary syndrome or sudden death)

Not new plague rupture at distant site

Not severe restenosis with final

occlusion
|
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Defining Stent Thrombosis
ARC Classification

e Definite — ACS + angiographic or
autopsy confirmation

* Probable — Any unexplained death
within 30 days or acute Ml of TV
territory without angiography or
confirmation of other culprit

e Possible — Any unexplained death
beyond 30 days
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Time Frame of Stent Thrombosis

T

1 month 1 year
f_Hr == ~N" = N\
| Early < 1 mo | | Late > 1 mo < lyear | | Very Late > lyear |

7

Acute Subacute
Zd >1d - Zmo

0 day to 1 day Acute stent thrombosis

>1 day to 1 month Subacute stent thrombosis

>1 month to 1 year Late stent thrombosis
> 1 year Very late stent thrombosis
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Late ST not restricted to DES

Abates over time BMS

Days after PCI
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Milan-Seigburg Registry

Thrombosis After DES implantation ]

Incidence, Predictors, and Outcome
of Thrombosis After Successful Implantation
of Drug-Eluting Stents

['_:'ﬂ nnis lakovou, MO Context Traditionally, stant throemboses has bean regarded as a complication of par-
Thomas Schmidt, MDD cutansous coronary imerventions during the first 20 postprocedural days, Hosevevar,
ddayad endothdialization associated with the i mplantaticn of drug-eluti ng stents may
extand the risk of thrombosis beypond 220 days, Data are limited mgading the rsks

Erminio Bonizzoni, PhId

Lei e, MD) and the im pact of this phenomenon outsida clinical triaks.

I=iuseppe M. Sangiorgi, MD) Objective Toevaluate the incidence, predictors, and clirical cutooms of stent thesm-
Goran Stankovic, MD boss after implantation of sirolimus-=luting and pacitaxe-duting stents in reutna cini-
= - cal practics.

Flavie Airoldi, MD ) )

Maide Chiefio. MDD Dreslgn, Setting, and Patlents FProspective chssrvational cohort study conducted
ATEe LOeth, at 1 acadamic hospital and 2 community hospitals in Germany and ltaly. A total of
Mattes Montorfano, MD 2229 consacutive patients underwent successful implantation of sirolimus-=luting (1062
Mauro Carlino. MD patients, 1996 lesions, 227 2 stents) or paclitaxel-eluting (1167 patients, 1801 lasions,

2223 stents) stents betewean Apil 2002 and lanuary 2004,

[:_]ja't'" !r!“ hEﬂ_"‘ il Interventions Implantation of a drug-eluting stent (siralimus or paclitaxe). All pa-
Micola Corvaja, MD tients were pretreated with ficlopidine or -:I-:ipl-:h:igre-l and aspirin. Asplin was contin-

Caro ]!-rlgu-:-ri. MDD ued indefinitaly and -:I-:tpr:l-:h_grel ot gemonths al"te-r sirolirnus-
I ——T T eluting and for at least & manths ]

G @ e ST=1.35% @ 9 mo
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Talking numbers...incidence and outcomes

Table 3. Clinical Outcomes in Patients after Definite or Probable Stent Thrombosis.*

Variable Sirolimus-Stent Trials Paclitaxel-Stent Trials

Sirolimus Stent Bare-Metal Stent Paclitaxel Stent Bare-Metal Stent
(N=13) (N=15) (N=22) (N=18)

no. of events (%)

Death 4 (30.8) 7 (31.8) 5 (27.8)
Myocardial infarction

Any event : 17 (77.3)

(18.2)

(31.8)

(45.5)

77.8

Fatal event . 4
7

27.8
0(55.6

1
Q-wave
1

4(77.8)
3(16.7)
5 (27.8)

(35.6)

Non-Q-wave : : 10 (45.5

* The definition of definite or probable stent thrombosis is based on criteria set by the Academic Research Consortium (ARC).
One patient with a bare-metal stent had both Q-wave and non-Q-wave myocardial infarctions at different times.

L. Mauri NEJM March 8/2007 |/
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DUTCH ST Regqistry
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Median follow-up: 27 months [IQR 17-37]

59  Follow-up available in 416/431 (97%) pts

—
() B

O 30 1 yr 2 yr -Innov;:rri::-r'-ls I-H CG[C@V?FJE:[ |HTENEI"I;[GI‘IS .




STEMI due to Stent Thrombosis: Frequency
by Year
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35 - DES Introduced 34
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Brodie et al TCT 2009




In-Hospital Death or Re-infarction
Stent Thrombosis versus De Novo Occlusion
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Late Cardiac Mortality
Stent Thrombosis versus De Novo Occlusion
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Predisposing factors

Undersizing, dissection
post proc TIMI<III

Thienopyridine :
ASA lbllla / DM, Malignancy

Stent
thrombosis

N

Bifurcations, >50% prox
Total stent length

BMS / Ist gen DES

lla gen DES
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CLINICAL RESEARCH interventional Cardiology

Outcome of Drug-Eluting Versus Bare-Metal Stenting
Used According to On- and Off-Label Criteria

Jorg Carlsson, MD, PHD,* Stefan K. James, MD, PHD,t Johan Lindbick, PHD,}
Fredrik Scherstén, MD, PHD,¥ Tage Nilsson, MD, PHD,t Ulf Stenestrand, MD, PHD,§
Bo Lagergvist, MD, PHD,t for the SCAAR (Swedish Coronary Angiography and
Angioplasty Registry) Study Group

Kalmar, Uppsala, Helsingborg, and Linképing, Sweden

Objectives The aim of this study was to investigate the outcome of bare-metal stents (BMS) versus drug-eluting stents
(DES) after on-label as well as off-label use.

Background DES lower restenosis rates while not influencing the risk for death and myocardial infarction when used in Fed-
eral Food and Drug Administration (FDA)-approved indications. It is debated whether the clinical results of this
so-called on-label use might be extrapolated to off-label situations.

Methods The SCAAR (Swedish Coronary Angiography and Angioplasty Registry) was used to investigate the outcomes in
17,198 patients who underwent stenting with an on-label indication (10,431 BMS and 6,767 DES patients) and
16,355 patients in the context of an off-label indication (9,907 BMS and 6,448 DES patients). The patients were
included from 2003 to 2005 with a minimum follow-up of 1 year and a maximum of 4 years. The analysis was
adjusted for differences in baseline characteristics.

Results There were not significant differences between on-label DES and BMS (adjusted hazard ratio: 1.02; 95% confi
dence interval: 0.92 to 1.13) or between off-label DES and BMS (adjusted hazard ratio: 0.95; 95% confidence
interval: 0.87 to 1.04) use with regard to the incidence of myocardial infarction and death. Off-label use of DEP

did not lead to significant differences in the combined risk of death and myocardial infarction compared with
BMS throughout the whole spectrum of clinical indications.

Conclusions In contemporary Swedish practice, neither on- nor off-label use of DES is associated with worse outcome than
use of BMS., (J Am Coll Cardiol 2009;53:1389-98) © 2009 by the American College of Cardiology Foundation



BMS or DES

e
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P {overall effect) =014

death, %

Hazard ratio

(A)
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Current ST Rates
Are 2nd Generation Devices Safer?

1,6
1,4
1,2
1,0 0,9 0,9
0,8 -
0,6 -
0,4 -

m SES?
m PES’
m ZES °
m Egs’

<1 Year 1-2 Years 2-4 Years

. L Mawri, et al. NEJM 2007:356:1020
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Current ST Rates
Are 29 Generation Devices Safer?

: Early ST Late ST VLST
Stent Comparison
% % %
SES vs. BMS (pooled) *| 0.5vs.0.3 0.1vs. 1.0 0.9vs. 0.4
PES vs. BMS (pooled) ' | 0.5vs.0.5 0.4 vs. 0.3 0.9vs. 0.6
ZES vs. BMS (pooled) 2| 0.3vs. 1.2 0.3vs. 0.1 0.1vs.0.1
ZES vs. PES (2Y) ? 0.4vs. 0.1 0.4vs.0 0.1vs. 0.9
EES vs. PES (2Y) 3 0.4vs.0 0.3vs. 0.6 0.3vs. 1.0

1. L Mauri, et al. NEJM 2007:;356:1020

2. M Leon TCT 2008

3 G Stone et al. Circulation 2009;119:680-86
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Stent Thrombosis
- ARC Definite or Probable Criteria

3] = SES ZES PES
< SES vs. PES =0.008
= 2. Overall P = 0.037
-
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E e —— 0.7%
J-r' P=0.02
O 1 1 1 | 1 1 1 1 1 1 1 1 O%
0 30 60 90 120 150 180 210 240 270 300 330 360
Follow-Up (Days)
No. at Risk

ZES 883 869 866 861 861 .
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2 pEs 884 875 868 859 853 /
NN o MMOYanons in LOnaioy asc U an Irllenrenlloilw



Correlates of Early and Late ST

Hazard Ratios
Early and Late to 9 Months

>50
N=2229
49 ST Cases
6,4 6.5
2 11 1
1,1 1,3
il W I I
EF Stent * DM Bifurcation Renal Premature
Length Failure D/C DAPT

* Early ST only = =
= @ © lakovou et al. JAMA 2005;293:2126—30)
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Correlates of Very Late ST

\G\

Off-Label Indications

— Bifurcations — (?2-stent approaches)
— Prior restenosis

— ? STEMI

Inflammatory response

— Hypersensitivity response

— Localized dose-related toxicity

— Polymer effect (disruption, hypersensitivity)

Malapposition
New plaque development

\
Mishkel, GJ et al. AHJ 2008;156:141-7

@ LG Nakazawa G, et al. Circulation 2008:118:1138

scal Joner, M et al. JACC 2006:48:193-202
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Correlates of Very Late ST

Dual Anti-Platelet Therapy Duration
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RECLOSE timing of stent thrombosis

Overall (N = 804) Responders (n = 699) Nonresponders (n = 105)

Innovations in Cardiovascular Interventions g




CYP2C19 and Stent Thrombosis

Definite or Probable Stent Thrombosis (%)

Number at Risk:

Non-Carrier 1014 1004

Carrier

* Carriers ~30% of the population

4
Hazard Ratio 3.09 N=1,389
(95% CI 1.19-8.00)
P=0.015
31
CYP2C19 Reduced-Function Allele Carriers 2.6
11 Non-carriers 0.8
0 I I I I I I I I I I I I I I
0 30 90 180 270 360 450
Days After Randomization
1001 989 885 765 547
375 368 366 359 316 279 186

Mega JL et al. N Eng J Med. 2009; 360:354-62.




Clopidogrel 600 mg Loading Dose

43

*07

*0

53

S

Time Course of Effect

| %5,
A

13

- Variable effect
- At least 4 h to
reach max effect






Maximal plasma concentration (Cmax) of clopidogrel, its active
metabolite and inactive carboxyl metabolite after administration

of a 600 mg clopidogrel loading dose.

Depicted are box plots representing the mean (dashed line), the median and interquartile range (straight lines); whiskers
show the10™"/90" percentiles. Significance of the differences was assessed by unpaired t-test.



CURRENT/OASIS 7
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ClinicalTrials.gov. Identifier: NCT00335452



CURRENT — OASIS 7 Trial

Double-Dose vs Standard-Dose Clopidogrel in ACS
Clopidogrel: 600 mg load, 150 mg/d x 7d, then 75 m g/d — vs — 300 mg load, 75 mg/d

CV Deain, MI, Strore - 30 Days (%)
] Standard ¥ Double |

HR = 1.17 (0.95-1.44) —

& — HR =0.95 (0.84-1.07)

HR = 0.85 (0.74-0.99)

p=0.37 p = 0.036 p=0.14

N

0

Overell PCl No PC]
n=25087 = 17,252 n="7855

Mehta A. ESC 2009 Presentation



Sem Vasc Med 3:113, 2003

Clopidogyrel

Hydrolysis
85% Inactive (Esterases)
Metabolites

Esterases
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Oxidation
(Cytochrome P450)
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Active Metabolite Active Metabolite




Endpoint (%)

TRITON-TIMI 38
Efficacy and Safety

7 138
- Clopidogrel ::st:l
: CV Death / MI / Stroke PP LTt ettt 2 (0.73-0.90)
o e o >%  NNT = 46
1 .‘,,.?*" ’ Prasugrel
5} | 2
: TIMI Major Prasugrel eve5nts

I\ilonCABG Bleeds 2.4 HR 1.32
: 1.8 (1.03-1.68)

aEsEEESEEEENER

: iili‘lllngl‘l'""....
sgEEEN

CLA

'.-*"'%'"""; Clopidogrel
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Reduction in Stent Thrombosis In
STEMI On-TIME 2 Ton Heestermans Zwolle

ACUte myocardial infarction

diagnosed In ambulance: or reierral center
ASA+600'mg Clopidogre]

Placebo Tirofiban *
e Transportation 7\

e=lgtor e=lgtor
=900 =200
Angiogram PCI centre Angiogram
Tirofiban PC Tirofiban

provisional cont’'d



Reduction Iin Stent Thrombosis in STEMI
OnN-TIME 2 Ton Heestermans zwolle

2.1% 5.2%

Mort 1.7% versus 10.3%, P=.006



HORIZONS Ami

armonizing utcomes with evascular ati and tentsin

3602 pts with STEMI with symptom onset 7.2 hours

Aspirin, thienopyridine

UFH + GP lib/llla inhibitor Bivalirudin monotherapy
(abciximab or eptifibatide ) ( sprovisional GP llb/llla)

Emergent angiography, followed by triage to

CABG - Primary PCl — Medical Rx

3006 pts eligible for stent randomization

Paclitaxel -eluting TAXUS stent Bare metal EXPRESS stent

Clinical FU at 30 days, 6 months, 1 year, and then
yearly through 5 years; - angio FU at 13 months




1-Year Mortality (All-Cause)

- Bivalirudin alone (n=1800)
- Heparin + GPlib/llla (n=1802)

=
-
2
S
=
O
-

P=0.036

{ . 2 . 4 5 5 5 5 1 g
1ime in Months

Number at risk
Bivalirudin alone 1800 1684
Heparin+GPllb/llla 1802 1664




Acute Stent Thrombosis: Impact of
Antithrombin (Primary Randomization)

... Bivalirudin monotherapy.

Heparin + GPIIb/llla inhibitor

‘--‘-‘---_----------_----U 0‘3%
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* Time in Hours
Number at risk
Bivalirudin 1611 1583 15
UFHtGPIIb/llla (291 158 15
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PCI technique(s) and strategy
related factors of stent thrombosis

« Malapposition
— Undersizing
— Underdeployment

— Late malapposition

Dissections

Stent length

Stent overlap

Stent fractures



History/RF: 49 y, male,

hypercholeserolemic, smoker

e previous inferior M1 2006,

« PCI (PES) RCA 12/2007,

e inferior MI 12/2008
thrombolysis

LVEF: 45%, inf.hypokinesis

unstable angina

Case 1



Case 1

IVUS



Case 1

Predilatation NC Mercury 2.75 x 15 (14-24 Atm)
Overlapping Biomatrix 3.5 x 28/ 3.5 x 18 (16 Atm)

New IVUS:
Postdilatation

Durastar 4.0
x15(14-18 Atm)



Case 1

New inferior Ml 36 hours later



Case 1

Export thrombus aspiration/ oversized balloons

@ 9 months pt is on DAPT with prasugrel/ASA with no Ischemia
(minimal scar) in the inferior wall



Thrombosis in an underdeployed stent




How to treat

lIbllla sensitive
thrombectomy

Balloon dilation
...1o gain lumen
long? duration dual APT

Re-stenting ..only for edge dissections
Covered stents If persisting large thrombus burden




The present and the future
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Conclusions

Early and Late (< 1 year) stent thrombosis similarf  or BMS

and currently approved DES.
Early (<30 days) or late (?<1 yearvs 6-9 M) ST isr elated to

procedural/technical issues and especially DAPT

compliance/effectiveness.

Very late stent thrombosis is related to ongoing in flammation
and poor “healing”. Role of specific risk factors | ess clear,

Including role of prolonged DAPT.

Avoid excessive hardware (N, length of stents) int  he

treatment of ST



Conclusions
Antiplatelet Therapy and DES

Individualize decision to prolong dual antiplatelet therapy
beyond 6-12 months according to risk profile (i.e. diabetes,

previous Ml, etc)

New platelet inhibitors (ie. prasugrel, ticaglelor) may become
an attractive alternative to clopidogrel in patients undergoing
PCI.

Future DES development must continue to focus on re ducing
ST risk.
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