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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 plaque rupture at distant site

• Not severe restenosis with final 
occlusion



Defining Stent Thrombosis

• Definite – ACS + angiographic or 
autopsy confirmation

• Probable – Any unexplained death 
within 30 days or acute MI of TV 
territory without angiography or 
confirmation of other culprit

• Possible – Any unexplained death 
beyond 30 days

ARC Classification



Time Frame of Stent Thrombosis

1 month 1 year

Acute

�7�7�7�71d

Late > 1 mo < 1year

Subacute

>1d - �7�7�7�71mo

Early < 1 mo Very Late > 1year

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



BMS

DES
Accrues 0.5-06/yr

Abates over time

Late ST not restricted to DES

Early 73.2% Late 26.8%



Thrombosis After DES implantation

Iakovou et al. JAMA 2005

Milan-Seigburg Registry

ST= 1.35% @ 9 months, 44% mortality



Talking numbers…incidence and outcomes

L. Mauri NEJM March 8/2007
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“definite” recurrent stent thrombosis

Primary endpoint

Cardiac death

72.1%

81.2%

87.7%

6.0%

9.3%

� Median follow-up: 27 months [IQR 17-37]
� Follow-up available in 416/431 (97%) pts

DUTCH ST Registry



STEMI due to Stent Thrombosis: Frequency 
by Year
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In-Hospital Death or Re-infarction
Stent Thrombosis versus De Novo Occlusion

Stent Thrombosis

De Novo Occlusion
8.1%

14.8%

log rank p value = 0.0007
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Late Cardiac Mortality
Stent Thrombosis versus De Novo Occlusion
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Predisposing factors

Stent Stent 
thrombosisthrombosis

Drug related
Thienopyridine

ASA,IIbIIIa

Patient related
DM, Malignancy

Procedure related
Undersizing, dissection 

post proc TIMI<III

Strategy related
Bifurcations, >50% prox

Total stent length

Device related 
BMS / Ist gen DES

IId gen DES





BMS or DES
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Current ST Rates
Are 2nd Generation Devices Safer?



Current ST Rates
Are 2nd Generation Devices Safer?

0.3 vs. 1.00.3 vs. 0.60.4 vs. 0EES vs. PES (2Y) 3

0.1 vs. 0.90.4 vs. 00.4 vs. 0.1ZES vs. PES (2Y) 2

0.1 vs. 0.10.3 vs. 0.10.3 vs. 1.2ZES vs. BMS (pooled) 2

0.9 vs. 0.60.4 vs. 0.30.5 vs. 0.5PES vs. BMS (pooled) 1

0.9 vs. 0.40.1 vs. 1.00.5 vs. 0.3SES vs. BMS (pooled) 1

VLST

%

Late ST

%

Early ST

%
Stent Comparison

1. L Mauri, et al. NEJM 2007;356:1020
2. M Leon TCT 2008
3. G Stone et al. Circulation 2009;119:680-86



0.8%
0.7%

0%

SES vs. PES = 0.008  
Overall P = 0.037

: ARC Definite or Probable Criteria

Follow-Up (Days)
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ZES      883                            869                     866                            861                       861                                              
SES      878                            869                     867                            863                       857
PES      884                            875                     868                            859                       853

Stent Thrombosis

P=0.02

P=0.79
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Correlates of Early and Late ST

1,1 1,3
3,7

6,4 6,5

EF Stent
Length

DM Bifurcation Renal
Failure

Premature
D/C DAPT

>50

Hazard Ratios 
Early and Late to 9 Months  

*

* Early ST only
Iakovou et al. JAMA 2005;293:2126-30

N=2229
49 ST Cases 



• 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

Correlates of Very Late ST

Mishkel, GJ et al. AHJ 2008;156:141-7
Nakazawa G, et al. Circulation 2008:118:1138
Joner, M et al. JACC 2006;48:193-202



Dual Anti-Platelet Therapy Duration

Correlates of Very Late ST
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RECLOSE timing of stent thrombosis
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Hazard Ratio 3.09

(95% CI 1.19-8.00)

P=0.015

0.8

2.6
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Number at Risk:

Days After Randomization

Non-Carrier

Carrier

Non-carriers

CarriersCYP2C19 Reduced-Function Allele Carriers

N=1,389

CYP2C19 and Stent Thrombosis

Mega JL et al. N Eng J Med. 2009; 360:354-62.
* Carriers ~30% of the population



Clopidogrel 600 mg Loading Dose
Time Course of Effect
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- 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 the10th/90th percentiles. Significance of the differences was assessed by unpaired t-test.
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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

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

Mehta A.  ESC 2009 PresentationMehta A.  ESC 2009 Presentation

Overall
n = 25,087

Overall
n = 25,087

PCI
n = 17,232

PCI
n = 17,232

No PCI
n = 7855
No PCI

n = 7855
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Standard Double

HR = 0.85 (0.74-0.99)
p = 0.036

HR = 1.17 (0.95-1.44)
p = 0.14

HR = 0.95 (0.84-1.07)
p = 0.37



Prasugrel?

PrasugrelPrasugrel

ProPro --drugdrug

2 step 2 step 
OxidationOxidation

(Cytochrome P450)(Cytochrome P450)

HOOC
* HS

N

O

F

Active MetaboliteActive Metabolite

N

S

O

F
O

Sem Vasc Med 3:113, 2003

HydrolysisHydrolysis
(Esterases)(Esterases)

N

S

O

CH3

C
O

F
ON

S

O

Cl

O CHCH33
CC

ClopidogrelClopidogrel

85% Inactive 85% Inactive 
MetabolitesMetabolites

EsterasesEsterases

N

S

O

Cl

O CHCH33
CC

O
N

S

O

Cl

O CHCH33
CC

Active MetaboliteActive Metabolite

HOOC
* HS

N

O

Cl

OCH3

more



TRITON-TIMI 38 
Efficacy and Safety
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Acute myocardial infarctionAcute myocardial infarction
diagnosed in ambulance or referral centerdiagnosed in ambulance or referral center

ASA+600 mg ClopidogrelASA+600 mg Clopidogrel

AngiogramAngiogram

TirofibanTirofiban **PlaceboPlacebo

TransportationTransportation

PCI PCI centrecentreAngiogramAngiogram

TirofibanTirofiban
provisionalprovisional

TirofibanTirofiban
contcont ’’dd

PCIPCI
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Reduction in Stent Thrombosis in 
STEMI On-TIME 2 Ton Heestermans Zwolle



Reduction in Stent Thrombosis in STEMI 
On-TIME 2 Ton Heestermans Zwolle

Mort 1.7% versus 10.3%, P=.006 

2.1% 5.2%



Harmonizing Outcomes with Revascularization and Stents in AMI

3602 pts with STEMI with symptom onset 3602 pts with STEMI with symptom onset �7�7�7�7�7�7�7�712 hours12 hours

Emergent angiography, followed by triage toEmergent angiography, followed by triage to ……

Primary PCIPrimary PCICABGCABG –– Medical RxMedical Rx––

UFH + GP IIb/IIIa inhibitorUFH + GP IIb/IIIa inhibitor
((abciximababciximab or or eptifibatideeptifibatide ))

Bivalirudin Bivalirudin monotherapymonotherapy
((�s�s�s�s�s�s�s�s provisional GP IIb/IIIa)provisional GP IIb/IIIa)

Aspirin, Aspirin, thienopyridinethienopyridine
����

������

3006 pts eligible for stent randomization3006 pts eligible for stent randomization
����

������

Bare metal EXPRESS stentBare metal EXPRESS stentPaclitaxelPaclitaxel --eluting TAXUS stenteluting TAXUS stent

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

Clinical FU at 30 days, 6 months, 1 year, and thenClinical FU at 30 days, 6 months, 1 year, and then
yearly through 5 years; yearly through 5 years; angioangio FU at 13 monthsFU at 13 months



1-Year Mortality (All-Cause)

Number at risk
Bivalirudin alone
Heparin+GPIIb/IIIa
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P=0.049
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Acute Stent Thrombosis: Impact of 
Antithrombin (Primary Randomization)
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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



Case 1 

History/RF: 49 y, male, 

hypercholeserolemic, smoker

• previous inferior MI 2006, 

• PCI (PES)��� � RCA 12/2007, 

• inferior MI 12/2008

��� � thrombolysis

LVEF: 45%, inf.hypokinesis

��� � unstable angina



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 MI 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

Platelets aggregate

Thrombus in organisation

Old thrombus CHRONIC



IIbIIIa sensitive

thrombectomy

Balloon dilation
...to gain lumen

long? duration dual APT

ReRe--stenting ..only for edge dissections stenting ..only for edge dissections 
Covered stents if persisting large thrombus burden Covered stents if persisting large thrombus burden 

How to treat



The present and the future

LessLess
stent stent 

thrombosisthrombosis

Stent Stent Polymer Polymer 

DrugDrugTissueTissue



Conclusions

• Early and Late (< 1 year) stent thrombosis similar f or BMS 

and currently approved DES. 

• Early (<30 days) or late (?<1 year vs 6-9 M) ST is r 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 l ess clear, 

including role of prolonged DAPT.

• Avoid excessive hardware (N, length of stents) in t he 

treatment of ST



Antiplatelet Therapy and DES

• Individualize decision to prolong dual antiplatelet therapy 

beyond 6-12 months according to risk profile (i.e. diabetes, 

previous MI, 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.

Conclusions
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