
Byeong-Keuk Kim, M.D. Ph D  
 

Division of Cardiology, Severance Cardiovascular Hospital  
Yonsei University College of Medicine, Seoul, Korea 



Windecker S, Meier B. Circulation 2007;116:1952-65 

Mechanical problems, closely 
related with acute ST 
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 From January 2004 to December 2009, a total of 4,748 patients with AMI 

underwent PCI in COREA registry.  136 patients diagnosed with ST (3.7%); 
110 definite ST, and 26 probable ST.  

Recent DATA 



C.C : Ongoing chest pain & Dyspnea for 30 minutes  

                  Visit ER by Ambulance 

Risk factors : current smoker (20 PYRS), HTN/DM (-/-) 

Initial V/S : 132/92mmHg, HR 100bpm 

 

 

 

 

 

 

 

 

 

 

Dx : ST elevation MI → Direct PCI : Aspirin 200mg, Clopidogrel 600mg 



Approach : Rt. CFA 
LCA with JL 5-4 revealed total occlusion of pLAD (TIMI  0 flow). 

3:52 AM 



• Predilation with 2.5 x 15mm balloon (8atm)  
• Stent; 3.5 x 18mm Nobori stent (8atm)  
• Post-dilation with 3.5mm-sized NC balloon (upto 18 atm) 



During CCU monitoring just after PCI, chest pain and dyspnea suddenly occurred. 
 

 

 

 

 

 

 

 

 

 

 

 

       → Repeated defibrillation and CPR … Back-to cath room. 

 

 

+ 1hr 4:40AM 



LCA with JL 5-4 revealed total occlusion of pLAD stent 



Thrombus aspiration was done 1 time (+ Red thrombi). 
Ballooning : 3.5 x 15mm  



M/76,  Recent aggravated DOE  

 DM, HTN, A Fib, Ex-smoker, PAOD  Dx: NSTEMI 

     Case 2 

Discharge medication: Aspirin, Clopidogrel, Crestor, Exforge, Isoptin, Glupa 

Resolute integrity 2.75x34 



Acute on-going chest pain occurred at home on discharge day 

 Visit ER presented as STEMI; Subacute Stent thrombosis 

Discharge with adding of coumadine 



Recurred chest pain again …  Revisit ER …  
2nd Subacute Stent thrombosis 7 days later … 

Causes for 
recurrent early 
ST and how to 

prevent ? 



Mechanical problems? 

       Case 1. 3.5mm-sized DES with high-pressure ballooning 

       Case 2. Repeated ballooning by acute ST 

        … Stent thrombosis less likely to have mechanical problems 

 These means that unmet needs still exist and other 
factors could be involved in the occurrence of early 

ST in AMI. 

 … not be reduced only by the changing of 
PCI strategy.  



 Focus on platelets & thrombosis. 

 Focus on “New oral medication” in ACS 
patients after PCI 



PLATO  
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Wallentin L et al. N Engl J Med 2009;361:1045–1057 
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HR 0.84 (95% CI 0.77–0.92), P<0.001 

Clopidogrel 

Ticagrelor 

Primary endpoint: time to CV death, MI or stroke 
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HR 0.79 (95% CI 0.69–0.91), P=0.001 

Clopidogrel (300 mg or 600 mg) 
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PLATO STEMI substudy: stent thrombosis 
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 Stent thrombosis*  
Ticagrelor 

(n=3752)  

Clopidogrel 

(n=3792) 

Nominal 

P value 

Definite†  45 (1.6%) 70 (2.4%) 0.03 

Probable or definite† 73 (2.6%) 101 (3.4%) 0.05 

Possible, probable or definite† 90 (3.3%) 122 (4.3%) 0.04 

Clopidogrel 

better 

HR (95% CI) 

Ticagrelor better 

1.0 *As per Academic Research Consortium definitions 
†Denominator is number of patients receiving at least one stent 



RF. Storey, et al., J Am Coll Cardiol, 2010 

Ticagrelor achieves greater antiplatelet effect than clopidogrel in patients with 
ACS, both in the first hours of treatment and during maintenance therapy 

Inhibitory Effects of Ticagrelor Compared With Clopidogrel on 

Platelet Function in Patients With Acute Coronary Syndromes 

      PLATO PLATELET Substudy  

Responses to Loading Doses of Clopidogrel and Ticagrelor 



Months after randomization 

HR=0.84; 95% CI 0.74–0.96 
 

mITT p=0.008 

ITT p=0.002 
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2-year Kaplan–Meier estimate 
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ATLAS ACS 2 TIMI 51 



ATLAS ACS 2 TIMI 51: rivaroxaban 2.5 mg bid 

significantly reduced CV events and death 

The primary efficacy endpoint reduction was driven by reduced mortality 

Both strata. 

bid, twice daily; CV, cardiovascular; HR, hazard ratio; ITT, intention to treat; MI, myocardial infarction; mITT, modified 

intention to treat; NNT, number needed to treat. 

1. Mega et al. N Engl J Med 2012;366:9–19; 2. Gibson et al. AHA 2011 (www.clinicaltrialresults.org). 
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*Stent thrombosis events: definite, probable or possible (Academic Research Consortium [ARC] definitions). 

CI, confidence interval; HR, hazard ratio; ITT, intention to treat; mITT, modified intention to treat; RRR, relative risk reduction. 

1. Gibson et al. J Am Coll Cardiol 2013;62:286–90. 

2-year Kaplan–Meier estimate 

Any stent thrombosis: 
HR=0.69 

(95% CI 0.51–0.93) 

RRR=31% 
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Combined rivaroxaban doses, both strata 

 Of the total ATLAS patients 

enrolled, 9,631 (63%) 

underwent PCI with stents. 



Porcine experimental ST model shows that oral 

anticoagulant rivaroxaban with DAPT reduces ST 

ASA, acetylsalicylic acid; DAPT, dual antiplatelet therapy (ASA + clopidogrel). 

1. Becker et al. J Thromb Haemost 2012;10:2470–80. 
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Rivaroxaban
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% reduction in thrombus weight vs. vehicle 

Rivaroxaban added to DAPT significantly 

reduced in-stent thrombus weight 

compared with DAPT alone (p<0.0001) 

13 mm 2 mm 

Photomicrograph showing 

stent and corresponding 

porcine aortic strip 



Ticagrelor  

180 mg loading dose 

Placebo 

loading dose 
Pre-hospital 

Placebo 

loading dose 

Ticagrelor  

180 mg loading dose 
In-hospital 

 Randomized,     double-blind 

Ticagrelor  90 mg/bid  30 days 

Primary objective 

STEMI-ACS planned for PCI [N=1770 (n=1862*)] 

Symptoms of MI: 30 min ~ 6 hours 

N Engl J Med. 2014;371:1016-27. 

A more faster drug-loading can reduce ST in AMI ? 

Pre-hospital P2Y12 receptor antagonist 

can reduce MACE in STEMI ?  



Primary endpoints 

1. Absence of ST-segment 

elevation ≥70% 

Pre-PCI Post-PCI 

P=NS 

P=NS 

Pre-hospital 

In-hospital 

P=NS 

P=NS 

Pre-PCI Post-PCI 

2. Absence of TIMI flow 3 in 

infarct-related artery 



Composites Endpoints at 30 days 



Definite Stent Thrombosis (ST) for 30 days 

2 (0.2) 
0 

8 (0.8) 
11 (1.2) 

– Definite ST occurred less frequently in the pre-hospital arm (0% vs 0.8% in the 
first 24 hours; 0.2% vs 1.2% at 30 days) 



STEMI  
on ER 

Aspirin 200 mg 
Clopidogrel 600 mg 

Angiography 

+ 47 min D#0 

Clopidogrel loading 

+ 30 min 

Acute ST 

+ 110 ~ 170 min 

PRU 401  
0% inhibition 

Change  
into Ticagrelor 

Aspirin 100 mg 
Ticargrelor 180 mg 

PRU 41  
87% inhibition 

+ 17 min 



or Use of rivaroxaban 

NSTEMI, AF 

Aspirin 100 mg 
Clopidogrel 75 mg 

4 months 

Discharge  1st ST 

D#3 

2nd ST 

D#10 

Aspirin 100 mg 
Clopidogrel 75 mg 
Warfarin 2.5 mg 

PRU 476, 0% inhibition 
 Change into Ticagrelor 

PRU 349 
10% inhibition 

D#0 

Aspirin 100 mg 
Prasugrel 10 mg 

STEMI  
on ER 

Aspirin 200 mg 
Clopidogrel 600 mg 

Angiography 

+ 47 min D#0 

Clopidogrel loading 

+ 35 min 

Acute ST 

+ 110 ~ 170 min 

PRU 401  
0% inhibition 

Change  
into Ticagrelor 

PRU 41  
87% inhibition 

Aspirin 100 mg 
Ticargrelor 180 mg 

Aspirin 100 mg 
Ticargrelor 180 mg 

+ 17 min 



The mechanism of early ST might differ according 
to the clinical presentation. 

 suggesting that the different strategy for the 
prevention of ST would be needed. 

 

As for “early ST in patients with ACS”, the roles of 1) 
new anti-platelet agent (ticagrelor), 2) NOAC 
(rivaroxaban), and 3) pre-hospital drug loading 

should be investigated in the future. 



Thank you  

for your attention  


