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JACC White Paper

Stent Thrombosis

David R. Holmes, Jr, MD,* Dean J. Kereiakes, MDD, Scot Garg, MD,§
Patrick W. Serruys, MD, PuD,§ Gregory J. Dehmer, MD,|| Stephen G. Ellis, MD, ¥
David O. Williams, MD,¥ Takeshi Kimura, MD,# David J. Moliterno, MD**

ARC Definition of ST to Standardize ST
and Ensure Unified Assessment Across 1rials

Term

Definition

“Definite” ST

The highest level of certainty
Either angiographic or post-mortem evidence of
thrombotic stent occlusion

“Probable™ ST

Any unexpected death within 30 days of stent implantation,
or any myocardial infarction in the territory of the
implanted stent irrespective of time

“Possible™ ST

Any unexplained death beyond 30 days until the
end of follow-up

Early ST ST occurring in the first 30 days after stent implantation
Late ST ST occurring between 1 month and 1 yr after

stent implantation
Very late ST ST occurring beyond 1 yr
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Selected Multifactorial Causes of ST

Precipitant of Stent Thrombosis

Stent factors Hypersensitivity to drug coating or polymer
Incomplete endothelialization
Stent design
Covered stents (64,65)

Patient factors PCI for acute coronary syndrome/ST-segment
elevation M|
Diabetes meilitus

JACC White Paper Renal failure

Impaired left ventricular function
Premature cessation of dual antiplatelet therapy

Stent Thromb()sis Aspirin nonresponsiveness
Clopidogrel nonresponsiveness

David R. Holmes, Jr, MD,* Dean J. Kereiakes, MD,} Scot Garg, MD,§ Glycoprotein lib/llla inhibitors

Patrick W. Serruys, MD, PuD,§ Gregory J. Dehmer, MD,|| Stephen G. Ellis, MD % Prior brachytherapy

David O. Williams, MD,§ Takeshi Kimura, MD,# David J. Moliterno, MD** Malignancy

Saphenous vein graft disease

Lesion characteristics Lesion/stent length
Vessel/stent diameter
Complex lesions (bifurcation lesions,
chronic total occlusions)
Saphenous vein grafi target lesion
Stasis

Procedural factors Inadequate stent expansion/sizing
Incomplete stent apposition
Stent deployment in necrotic core
Residual edge dissection
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Independent Risk Factors for ST

peripheral artery disease; PC| = percutaneous coronary intervention; TIMI = Thrombolysis In Myocardial Infarction.
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P-value
P<0.0001
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P<0.0001
P=0.0002
P=0.0002
P=0.0005
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A comparison of the total group of patients with stent thrombosis (ST) with all matched-control subjects. Represented by hazard ratio (HR) and 95% confidence interval
(Cl). ASA = acetyl salicylic acid; CAD = coronary artery disease; DES = drug-eluting stent(s); DM = diabetes mellitus; LVEF = left ventricular ejection fraction; PAD =
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Table 1

Risk Factors of Late Stent
Thrombosis and Potential Role of ESS

Effect on In-Stent ESS/
Endothelial Response to ESS

Risk Factor
A Pr. ulant / Patient factors
Blood flow High ESS Prothrombotic state  Diabetes
— Piglelet activation ADP. TXA2 Renal fallure
qeoa ---.’.-’ ------- s Acute coronary syndrome
- Ao ] o Stent fact
e e N SR
NN A 222220000000 R SRR “~  Incomplete endothellalization
S e PRI IIIIIIINN, Seeeeeey A e \\ A 2

clot A

_8'°°d_ flow . Anticoagulant /
Physiologic ESS Antithrombotic state Lesion complexity
Oui . Multivessel disease
—— —————d 2 Excessive stent length
I P W Stent undersizing

e 43:‘: ,-\g}ff.:'?fﬂ; Overlapping stents
&‘.‘ A Mt Expanslve vascular remodeling
Antiplatelet therapy

Premature discontinuation
Clopidogrel resistance

Incomplete stent expansion (underexpansion)

—» Attenuation of physiologic
ESS-induced endothellal
production of PGl,, tPA,
eNOS (2)

— Adverse hemodynamic
Impact on the inherently
complex ESS environment
{68-70)

— Gaps between stent struts
and arterlal wall —
Increased flow resistance
— low ESS (12)

— Reduced flow rate — low
ESS (2,4)



Infarto: DES vs BMS

Study 1D

SCORPIUS
SESAMI

Typhoon
Passion
BASKET (All)
STRATEGY
SES-SMART o

i‘“”"‘

HAAMU-STENT €

MISSION!
PRISON Il
Ortolani et al

Estimate (95% Cl) Weight (%)

0.82 (023, 2.95) 202
1.00 (0.20, 4.88) 129
0.80(022,297) 194
0.83 (026, 269) 240
1.15(064,2.08) 945
0.82(0.31,240) 313
0.16 (0.04, 0.67) 165
0.25(0.03,2.19) o.M
0.62 (0.28, 1.39) 511
083(0.26,264) 244

DIABETES
SCANDSTENT €

RAVEL
SIRIUS
C-SIRIUS

E-SIRIUS
TAXUS Il

TAXUS IV
TAXUS V

Random Effects (1=3.0%)
Fixed Effects

1.50 (0.26, 8.61) 1.07
0.60 (0.20, 1.50) 323
0.33(0.09,1.18) 198
1.24 (049, 3.14) 380
0.96 (0.59, 1.55) 14.07
0.59(0.14,247) 159
194 (093, 402) 613
063(0.23,1.72) 3.24
0.99 (0.66, 1.48) 20.13
127 (0.79,2.04) 1459

0.94 (0.78,1.13)
0.95 (0.79,1.13), p=0.54

A Favors DES

(Circulation. 2009;119:3198-3206.)
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Cook et al. Circulation 2009

P<0.0001

P=0.0003

Malapposed and
Uncovered Struts

Delayed Healing

PES

P<0.0001

6.3

Uncovered Struts Protruding Struts
Guagliumi et al. Circulation 2011




Drug Release Profiles (in vivo)
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PLGA Resorption Controlled by Varying Co-polymer
Ratios

PLGA Biodegradation In Vivo

93% @ 210 days

—4==87:13 (lactic:glycolic)|
50:50 (lactic:glycolic)
74:26 (lactic:glycolic)

% Release per 14C Label
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Definite Stent Thrombosis (ARC)

BES —SES
1-year RR 2-year RR 3-year RR 4-year RR
6 1 0.99 (0.51-1.95) 0.90 (0.483-167) 0.78 (0.43-1.432) 0.62 (0.35-1.08)
P=0.98* P=0.73* P=0.43* P=0.09*
5 4
4%

0
23 - 2.5% £ r A1.6

2% _,#—'—“ A0.7

03 e
2 - ; — : 2.4%
) 0/ — Y
F—C* o 2.2% 2.2%
1 £ 70
o 1 1] 1 1 1] 1 1 1
0 6 12 18 24 30 36 42 48
Months
Number
s atrisk
SES 850 817 801 787 776 759 750 730 714
BES 857 821 804 792 787 780 774 757 746

* P values for superiority
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Tto. antiagregante post ICP

Early and Late Benefits of Prasugrel in
Patients With Acute Coronary Syndromes
Undergoing Percutaneous Coronary Intervention

A TRITON-TIMI 38 (TRial to Assess Improvement in Therapeutic
Outcomes by Optimizing Platelet InhibitioN with

3 Prasugrel-Thrombolysis In Myocardial Infarction) Analysis
= HR 0.49 HR 0.45
2 (0.29-0.82) (0.32-0.64)
2 2 P=0.006 P<0.0001
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Stent thrombosis PLATO ™

Invasive

HR for
Ticagrelor Clopidogrel ticagrelor P
(n=6,732) (n=6,676) (95% Cl) value*

Stent thrombosis, %

Definite 1.0 16  0.62(0.45-0.85) 0.003

Probable or definite 1.7 2.3 0.72 (0.56-0.93) 0.01

Possible, probable, or definite 2.2 3.1 0.72 (0.58-0.90) 0.003

T Evaluated in patients with any stent during the study

Time-at-risk is calculated from the date of first stent insertion in the study or date of randomization
* By univariate Cox model
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Ticagrelor .04

HR 0.81 (95% CI = 0.68-0.95), p=0.01

0
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Ticagrelor 6,732
Clopidogrel 6,676

120

6,375
6,331

L}

180

Days after randomization
6,241
6,209

240

5,141
5114




Optimal Duration of Clopidogrel Use after Implantation

of Drug-Eluting Stents — Still in Doubt
Peter B. Berger, M.D.

4~
‘ ORIGINAL ARTICLE ‘ 7'
. ) 2+ Aspirin alone
Duration of Dual Antiplatelet Therapy | | Clopidogrel+
after Implantation of Drug-Eluting Stents aspirin
R e
Seung-Jung Park, M.D., Duk-Woo Park, M.D., Young-Hak Kim, M.D., 0 I B
0 365 730

Safety and Efficacy of Six Months Dual Antiplatelet Therapy After Drug-Eluting Stenting (ISAR-SAFE)

This study is currently recruiting participants.
Verified April 2012 by Deutsches Herzzentrum Muenchen

First Received on April 15, 2008. Last Updated on April 19, 2012 History of Changes

Optimized Duration of Clopidogrel Therapy Following Treatment With the Endeavor Zotarolimus - Eluting Stent in the Real World
Clinical Practice - Optimize Trial (OPTIMIZE)

This study is currently recruiting participants.
Verified June 2011 by Cardiovascular Research Center, Brazil
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Cumulative incidence of stent thrombosis (%)
"
5-

Platelet Reactivity After Clopidogrel
Treatment Assessed With Point-of-Care

Analysis and Early Drug-Eluting Stent Thrombosis

4-‘ Dirk Sibbing, MD, Siegmund Braun, MDD, Tanja Morath, MS, Julinda Mehilli, MD,
Wolfgang Vogr, MD), Albert Schomig, MD, Adnan Kastrati, MD, Nicolas von Beckerath, MD

Munich, Germany
P<0.0001
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J Am Coll Cardiol 2009;53:849 Clinica Rotger
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Figure 1. Platclet reactivity assays. Solid squares = patients with stable
angina (SA); open squares = paticnts with ST-segment elevation myo-
cardial infarction (STEMI); solid circles = abciximab subgroup; open
circles = single high-dose bolus (SHDB) tirofiban subgroup. CADP =
cartridge adenosine diphosphate closure time; T, = baseline; T, = 10 min
after glycoprotein 1Ib/IIla bolus; T, = discharge.

Probability of major adverse cardiac events (MACE) in patients stratified according to Platelet Reactivity at
Admission. Campo, G. et al. J Am Coll Cardiol 2006;48:2178 :
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Probability of MACE (%6)
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HR 1.68 (95% Cl 0.76, 3.72)
P=.20

Campo, G. et al. J Am Coll Cardiol 2006;48:2178-2185

JAMA, GRAVITAS. 2011
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JACC White Paper

Consensus and Future Directions

on the Definition of High
On-Treatment Platelet Reactivity
to Adenosine Diphosphate

Laurent Bonello, MD,* Udaya S. Tantry, PHD,§§ Rossella Marcucci, MD, PHD,|

Ruediger Blindt, MD,# Dominick J. Angiolillo, MD, PHD,|||| Richard Becker, MD,qq
Deepak L. Bhatt, MD, MPH, ## Marco Cattaneo, MD,q Jean Philippe Collet, MD, PuD,#
Thomas Cuisset, MD,T Christian Gachet, MD, PHD,§ Gilles Montalescot, MD, PxuD,F
Lisa K. Jennings, PHD,™* Dean Kereiakes, MD, {1t Dirk Sibbing, MD,*

Dietmar Trenk, PHD, 1t Jochem W. Van Werkum, MD, PuD,# Franck Paganelli, MD,*
Matthew J. Price, MD,#+f Ron Waksman, MD,§§§ Paul A. Gurbel, MD,§§

for the Working Group on High On-Treatment Platelet Reactivity
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Beneficio clinico neto
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From Becker RC. Pharmacogenetics and safety
parameters for platelet P2Y 12 receptor antagonists. J
Acute Coronary hromb Thrombolysis.2009;28:513-514. Republished with
SYNDROMES ity sermissian. héart., Medscape




Articulo especial

Prevencion de complicaciones hemorragicas en el sindrome coronario agudo

Reduction of haemorrhagic risk in acute coronary syndromes

AlvaroA. Merino **, Inmaculada Roldin®, Francisco Marin € y Fernando Worner¢, en representacion del

niicleo del Grupo de Trabajo de Trombosis Cardiovascular de la Sociedad Espaiiola de Cardiologia

(addéndum)
Estudio Eventos trombéticos Hemorragias Beneficio clinico
mayores
CURE“?
Clopidogrel Placebo Clopidogrel Placebo Clopidogrel vs Placebo
9,3% 11,4% 3,7% 2,7% 1,1%
TRITON-TIMI 3829
Prasugrel Clopidogrel Prasugrel Clopidigrel Prasugrel vs Clopidogrel
9,9% 12,1% 2,4% 1,8% 1,6%
CHAMPION PCI35
Cangrelor Clopidogrel Cangrelor  Clopidogrel Cangrelor vs Clopidogrel
7,5% 71% 3,6% 2,9% -1,1%
CHAMPION PLATFORM36
Cangrelor Placebo Cangrelor Placebo Cangrelor vs Placebo
7,0% 8,0% 5,5 3,5% -1,0%
PLATO%
Ticagrelor Clopidogrel Ticagrelor Clopidogrel Ticagrelor vs Clopidogrel
9,8% 11,7% 4,5% 3,8% 1,2%

A. Merino Med Cli 2011 y Rev Esp Cardiol 2011
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Beneticio clinico clopicdogrel
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Catheterization and Cardiovascular Interventions 79:255-262 (2012)

Editorial

“Conversations in Cardiology”: How Do You Pick the
Best Antiplatelet Drug—Clopidogrel, Prasugrel,
Ticagrelor for Your PCI Patient?

Morton J. Kern,” mp, FSCAI, FAHA, FACC

Preguntas:

1.éTengo que tener clopidogrel, prasugrel y ticagrelor en el hospital?
2.équé ventajas/inconvenientes hay en usar prasugrel vs ticagrelor?
3.éprasugrel y ticagrelor sélo en ptes de alto riesgo de trombosis

Posibles respuestas:

1.Seguir con clopidogrel por precio y por facilidad de admin (1 ¢/24 h)
2.Mantener los tres y administrar prasugral y ticagrelor sélo a los de alto riesgo
3.Cambiar a ticagrelor porque reduce la mortalidad

4.Prasugrel y ticagrelor en el hospital y clopidogrel pasado un mes
5.Preocupacion por el riesgo de sangrado con prasugrel/ticagrelor (alto riesgo)
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Table 3. Independent Predictors of Stent Thrombosis A
Hazard Ratio 5 - SA vs. STEMI logrank p=0.0009
Variables (95% Confidence Interval) P Value SA vs. UA/NSTEMI logrank p<0.0001

Subacute stent th(ombosis . o o] UA/NSTEMI vs. STEMI logrank p=0.2

Premature antiplatelet therapy discontinuation 161.17 {26.03-897.84) <.001 R4

Renal failure 10,06 (3.13-32.35) <00 @

Bifurcation lesion 5.96 (1.90-18.68) 002 § STEMI

Diabetes 5.84 (1,74-19.55) 004 £ 3-

Left ventricular ejection fraction per 10% decrease 1.12(1.06-1.19) <.001 _g

Stent length, per 1-mm increase 1,03 {1.00-1.05) 01 e (o ———

: = =y UA/NSTEMI

Late stent thrombosis o 24 g

Premature antiplatelet therapy discontinuation 57.13 (14.84-219.96) <.001 n ud

Bifurcation lesion 8.11 {2.50-26.26) 001 .:_:-’ 5 gl

Left ventricular ejection fraction per 10% decrease 1.06 (1.01-1.12) .03 T 14 r SA
Cumulative stent thrombosis Q |

Premature antiplatelet therapy discontinuation 89.78 (29.90-268.80) <.001

Renal failure 6.49 (2.60-16,15) <.,001 0 4 t

Bifurcation lesion 6.42 (2.93-14.07) <.001 - - - T - - :

Diabetes 3.71(1.74-7.89) 001 0 6 12 18 24 30 36

Left ventricular ejection fraction per 10% decrease 1.09 (1.05-1.13) <.001 Time (months)

JAMA. 2005;293(17):2126-2130. doi:10.1001/jama.293.17.2126 .
JACC Int 2009 =3
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Events (% per year) Ratio (Cl) of yearly event rates

Me'et a“d Res Alocated hf!;m'rd Aspirin.control
to Antiplatelet Therapy in Women anpietn contros

& pramsry peeventon triah
Implications for the Development and Use of :
e « P . 3 E 4 s noaernle e Magor coronary eveot i =4 7; p=003;
Antiplatelet Pharmacotherapies for Cardiovascular Disease - P 20t 012 a —
Tracy Y. Wang, MD, MHS, MSc,* Dominick J. Angiolillo, MD, PuD,t Mary Cushman, MD, MSc ¢ Female 299 (0.14 3140014 —-—.-— 09500.77-1.17
Mare 8. Subatine, MD, MPH,§ Paul F, Bray, PuD )| Susan S. Smyth, MD, PuD,§
Harold L. Dauermsn, MD,3 Patricia A. French, BS,# Richard C. Becker, MD* et 93410.28) 1115(0.34) <= 0.52 ‘°-792°-°°*
Boheme stioke ' 3 L p-008)
Nuie 141015 138(01% ‘ 101074139
Fernale 176(0.09) 229011 ——— 0.7710.550.99)
Te 31700071} 367(0.12) e — 0.86{0.74-1.00)
p=0.05
70 Secious vascular event® [x' «0.0; p=0.9|
0 Women (n=711) e 1063 10.93) 1930108 -.— 0.58(0.78-0.98)
< ol ® Men (n=571) Femsie 508 (0.28) 6901037 —.—» 0.88(0.76-1.01)
8= Teral 1671 10.51) 1883(0.57) <= 258042099
ol pe0.0001
& g 50 16 secondary prevention trals
[-
5 ;6 NMagor coronary event (n° «06 p-0 4 4
¥ § . Maie 880 {4.70) 1057 (S.7% _._ 0.810.72:092)
$83 91 : : s
a E Famads nsRsm 157¢3 365 . S 0.73[@.51-1.03)
c 8
® 30 4 Toeal 995 (4.30) 1214530} <= 0.80(0.73-0.88)%
& E P<0.00001
LW Ischomic stroke v 07, p~0 4
g-') & Male 95(0.51 1IB306) ——— 0.73(0.50-1.06)
e 20 4
OE Fornale £5(100 30110 » 0.911052-157)
SE
= 10 1 Tt 140 (0.61) 176(0.77) —— 0.76{0.61-0.99%
p=0.04
Sevionss vascular event® L’ <00 pe18)
0 341 369 102 659 Male 1255 (6,58 1457 (8.45 .- 0,81 (0.73-0.90)
Coilagen Epinephnne ADP Arachidonic Acid Fermaie 256 (588 a7 10 —-. 0.81(0.641.02)
1 pgymi 2 pmodL 2 pmolL 0.5 mmo¥L 2
Teed 1505 (6.69) 1801 (8.19) <> 0.81(0.750.87)
p= 012 0.001 <0.001 003 p<0.00001
1 4 L} 1
B Q< ¥ 0 05 0rs 1.0 125 15

Aspirn bettes Aspirin worse
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Stent Thrombosis (%)
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Adjusted indirect comparison meta-analysis of prasugrel
vs ticagrelor for patients with acute coronary syndromes

Biondi-Zoccai G, Lotrionte M, Agostoni P, Abbate A, Romagnoli E, Sangiorgi G, et al.
Int J Cardiol. 2011;159:325.

12-month results: Prasugrel or ticagrelor vs clopidogrel

Outcome
Death/Ml/stroke
Death

Nonfatal Ml
Nonfatal stroke
Stent thrombosis
Major bleeding

Drug discontinuation

OR (95% CI)

0.83 (0.77-0.89)
0.83 (0.74-0.93)
0.79 (0.73-0.86)
1.12 (0.91-1.38)
0.61(0.51-0.74)
1.09 (0.99-1.21)
1.12 (1.05-1.19)

p
<0.001

0.001
0.001
0.28
<0.001
0.08
<0.001

12-month results: Prasugrel vs ticagrelor

Outcome
Death/MI/stroke
Death

Nonfatal MI
Nonfatal stroke
Stent thrombosis
Major bleeding

Drug discontinuation

OR (95% CI)

0.99 (0.86-1.13)
1.22 (0.96-1.55)
0.89 (0.75-1.06)
0.86 (0.55-1.33)
0.64 (0.43-0.93)
1.43 (1.10-1.85)
1.03 (0.88-1.19)

p
0.86

0.11
0.20
0.49
0.02
0.007
0.73
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