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증례 1. 52-Year-Old Male 

CC   Chest pain (onset: 3 months ago, D: 2 min) 

          - related to exercise, squeezing nature 

          - NTG response (+) 

 PH   HT (+), DM (+) 

 SH   Smoker, Social alcohol drinker 

 VS   BP 140/80 mmHg, PR 72 /min  

 PE   no S3 

 Lab CK / CK-MB   73 / 6.1 U/L, Tn-I 0.01 ng/mL 

         Total cholesterol: 188 mg/dL, LDL-C: 153 mg/dL 

 



EKG at OPD 



TMT at baseline 



TMT at Stage 6  



Algorithm for management of IHD 

Harrison 18th 2012  

Fig. 243-2  



Coronary angiography 



Percutaneous coronary intervention 

3.5*18mm Bare-metal stent 



이 환자의 치료에 도움이 되는 것은 ? 

   가. Aspirin 

   나. β-blocker 

   다. Statin  

   라. Quit smoking  

1. 가, 나, 다       2. 가, 다       3. 나, 라    

4. 라        5. all of above    

 

증례 1 : 문제 1 



이 환자에서 혈압, 혈당, HbA1C, LDL-C Treatment Goal 로 

적절한 조합은? 

 

  혈압(mmHg)    혈당 (mg/dL)    HbA1C (%)    LDL-C (md/dL) 

 

1. 130/80                 110                   7.0                 <70 

2. 120/80                 126                   6.5                 <100  

3. 140/90                 96                     6.5                 <130  

4. 120/80                 110                   7.0                 <160 

증례 1 : 문제 2  



JNC 7/ ESH 2007/ BHS IV 

JNC 7 ESH 2007 BHS-IV 

Non-DM <140/90 mmHg <140/90 mmHg <140/85 mmHg 

DM <130/80 mmHg <130/80 mmHg <130/80 mmHg 

CKD <130/80 mmHg† <130/80 mmHg* 
<130/80 mmHg 

(<125/75 mmHg*) 

* Proteinuria of 1g /24 h 
† CKD in diabetic pts: 
  - Overt albuminuria (>300 mg/D or >200 mg/g Cr on spot urine)  

  - Renal insufficiency (estimated GFR <60 mL/min, serum Cr > 1.3~1.5 mg/dL) 

Goals of Therapy 



12 2011 Canadian Hypertension Education Program Recommendations 

2011 Draft Recommendations 

Diabetes and Hypertension 

Persons with diabetes mellitus should be treated to 

attain systolic blood pressure of <130 mmHg (Grade C) 

and diastolic blood pressures <80 mmHg (Grade A).  

 

These target blood pressure levels are the same as the 

blood pressure treatment thresholds. 

The targets for patients with diabetes and hypertension have 

remained unchanged post- ACCORD-BP! 



CC  Chest pain (D: 12 hours) 

 PH  HT (+), DM(+) 

 SH  non-smoker 

 VS  BP 120/80 mmHg, PR 60/min  

 Lab TnI        9.90 ng/ml  

        CK          389 U/L  

        CK-MB    14.8 U/L  

        hsCRP     3.4 mg/dL  

        LDL-C      117 mg/dL  

 

문제 2 : 65-Year-Old Male  



Baseline ECG 



증례 2 : 문제 1 

이 환자의 초기 치료에 적절한 약제는? 

 

가. Aspirin + Clopidogrel  

나. ACE inhibitor 

다. Heparin or LMWH 

라. Statin  

 

1 가, 나, 다       2. 가, 다       3. 나, 라    

4. 라        5. all of above    

 



응급실에서 약물치료를 시행하였음에도 불구하고 

흉통이 지속되었고, Tn-I 증가소견을 보였다.  

 

이 환자에서  관상동맥 조영술을  언제 시행하는 것이 좋은가? 

  1.  < 2 hours 

  2.  < 24 hours  

  3.  < 72 hours  

  4.  Conservative strategy 

 

 

 

증례 2 : 문제 2 



Emergent (<2 h, IIaC): very high ischemic risk         

persistent angina, heart failure,  

hemodynamic instability or arrhythmia 
 

Early invasive (<24 h, IA): medium-to-high ischemic risk 

GRACE score >140, multiple other high-risk criteria  

(troponin +, dynamic ST changes, recurrent angina) 
 

Late invasive (<72 h, IA) 

GRACE score<140 or absence of multiple other risk criteria, 

but recurrent symptoms or stress inducible ischemia 
 

Conservative strategy (Invasive, IIIA): low ischemic risk 

troponin -, no ST changes (noninvasive test recommended) 

 

ESC 2011 guideline for NSTEMI 



Coronary angiography 



Percutaneous coronary intervention 

3.5*25 mm Everolimus eluting stent 

(drug-eluting stent) 



환자는 시술 후 상태가 양호하여  6개월 후 집 근처의 개인의원
으로 전원 되었고 이 환자에게 투여해야 할 약제는? 

 

  가.  Aspirin  

  나.  Clopidogrel  

  다.  β1 selective blocker  

  라.  Statin 

 

1 가, 나, 다       2. 가, 다       3. 나, 라    

4. 라        5. all of above    

 

증례 2 : 문제 3 



Long-term Antithrombotic therapy for NSTEMI-ACS 

Medical Tx w/o 

Stent 

Bare Metal Stent Drug Eluting 

Stent 

ASA 162 to 325 mg/d for at least  

1 mo, then 75 to 162 mg/d indefinitely 

(Class I LOE: A)   

& 

Clopidogrel 75 mg/d for  at least  

1 mo and up to 1 yr (Class I LOE:B) 

Add: Warfarin (INR 2.0 to 2.5) 

(Class IIb LOE: B) 

Continue with dual antiplatelet 

tx as above. 

Indication for Anticoagulation? 

ASA 75 to 162 mg/d indefinitely 

(Class I LOE: A)  

&  

Clopidogrel 75 mg/d  at least  

1 mo (Class I LOE: A)  and up to 1 

yr (Class I LOE: B) 

ASA 162 to 325 mg/d for at 

least 3 to 6 months, then 75 to 

162 mg/d indefinitely   (Class I 

LOE: A)  & 

Clopidogrel 75 mg/d for at least 

1 yr (Class I LOE: B) 

J Am Coll Cardiol 2007;50:e1-157. 

UA/NSTEMI 

Patient Groups at 

Discharge 

Yes No 



Drug-Eluting Stent   

BMS 

(1987) 

DES     

(2003) 

Balloon 

(1977) 

RS 30~50%  10~30%  0~9% 

DES: Very promising, NOT perfect ! 



Pathologic Findings of Overlapped DES 
in Porcine Model  

BMS 

+ 

BMS 

PES 

+ 

PES 

SES 

+ 

SES 

SES 

+ 

PES 

CNUH data.  Circ J 2008;72:463-8. 



Very  

Late ST 

> 12 mo to reflect risk of Stent Thrombosis 

Late ST 

SAT 24 hours to 30 days 

24 Hours 

ST = stent thrombosis; SAT = subacute stent thrombosis; 

LST = late stent thrombosis; VLST = very late stent thrombosis. 

Adapted from Bhatt. J Invasive Cardiol. 2003;15(suppl B):3B. 

Acute ST 

1 to 12 months 

Stent thrombosis 



PCI with ReoPro 2005.6.10. 

Case #5   2005 Live 

Course   

ASTEMI 2005.6.1. 

9 M F/U CAG after 

PES 

2005. 3. 24.  

43 Year-Old Man                                                     
Late Stent Thrombosis at 12 Months After PES     

(A Case #5 of 2005 Gwangju Interventional 
Cardiology Live Demonstration, Jun 10th 2005) 



ASTEMI 2005.6.1. 

48 Year-Old Man                                             
Very Late Stent Thrombosis at 24 

Months After PES due to Aneurysm 

CNUH case (Aug 2006) www.circulation.or.kr 

24 M after PES 

Very Late Stent 

Thrombosis 

javascript:window.close();


42 Year-Old Female                                             
Cypher Stent for AMI due to Long 

Angulated Lesion in LAD  

CNUH case (Mar 2007) www.circulation.or.kr 



42 Year-Old Female                                             
Two Site Stent Fracture Associated with 

Restenosis on 8-Month FU CAG 

A

B

C

D

A

B

C

D

CNUH case (Mar 2007) www.circulation.or.kr 



58 Year-Old Female                                             
Very Late Stent Thrombosis 5 Years after 

DES Implantation  

SES Implantation in LAD 

2005. 11. 8.  



58 Year-Old Female                                             
Very Late Stent Thrombosis 5 Years after 

DES Implantation  

No ISR in LAD on FU CAG 

2006. 5. 12.  



58 Year-Old Female                                             
Very Late Stent Thrombosis 5 Years after 

DES Implantation  

No ISR in LAD on FU CAG 

2010. 7. 31.  



39 Year-Old Male                                             
Very Late Stent Thrombosis d/t Neointima 

Rupture 6 Years after PES Implantation 

PES in RCA and 

LAD 

Sep 2004 



39 Year-Old Male                                             
Very Late Stent Thrombosis d/t Neointima 

Rupture 6 Years after PES Implantation 

No ISR in LAD and 

RCA on FU CAG 

Mar 2005 



39 Year-Old Male                                             
Very Late Stent Thrombosis d/t Neointima 

Rupture 6 Years after PES Implantation 

Acute Inf STEMI  

Mar 2011 



39 Year-Old Male                                             
Very Late Stent Thrombosis d/t Neointima 

Rupture 6 Years after PES Implantation 

VLST d/t NI 

Rupture in RCA 

Treated by POBA  

Mar 2011 



DES: Things We Should 
Overcome… 

• Stent thrombosis – late or very late  

• Polymer-mediated inflammation 

• Local hypersensitivity of drug 

• Aneurysm 

• Stent fracture  

• Availability of coating methods 

• In specific lesion  

   such as AMI, DM, CKD, ISR, bifurcated lesion,   

   CTO,  SVG, diffuse long lesion …. 

                                                                



CC  Chest pain (1 hour) 

 PH  HT (-) DM (-) 

 SH  25 PYS current smoker 

 VS  BP 120/80 mmHg, PR 70/min  

 Lab Tn-I        2.16 ng/ml (0.06) 

        Tn-T       0.381 ng/ml (<0.010) 

        CK          325 U/L (67) 

        CK-MB    16.9 U/L (3.8) 

증례 3 : 46 Year-Old Male 



EKG   



Coronary angiography  



Percutaneous coronary intervention 

4.0*25 mm Zotarimus eluting stent 

(drug-eluting stent) 



이 환자는 스텐트 시술 1개월 후  일주일 동안 해외 출장에 다녀
오면서 약을 복용하지 않았다고 한다. 

귀국 후  심한 흉통이 있어 응급실에 재내원하였다.  



EKG at admission 



Percutaneous coronary intervention 

Thrombosuction 

Balloon angioplasty 



이 질환에 대한 옳은 설명은? 

 

가. 약물용출 스텐트 사용으로 이 질환의 빈도가 감소하였다. 

나. 고혈압이 중요한 위험인자로 작용한다.  

다. 신생내막 과증식이 주로 관여한다.  

라. P2Y12  receptor resistance를 검사해야 한다. 

 

1. 가, 나, 다  2. 가, 다   3. 나,라 

4. 라   5. all of above 

 

증례 3 : 문제 1 



이 환자에서 platelet resistance test를 시행하였다.  

 

Asprin :  538 ARU  (<550 ARU) 

 

P2Y12 :  306 PRU  (<235 PRU) 

 



이 환자의 향후 치료로 올바른 조합은? 

 

가. Aspirin, clopidogrel을 유지하면서 cilostazol을 추가한다. 

나. Clopidogrel을 prasugrel로 변경하여 투약한다.  

다. Clopidogrel을 ticagrelor로 변경하여 투약한다.  

라. Clopidogrel 75 mg을 150 mg으로 증량하여 투약한다. 

 

1. 가, 나, 다  2. 가, 다   3. 나,라 

4. 라   5. all of above 

 

  

증례 3 : 문제 2 



I. Optimal anti-platelet therapy  

1. Longer duration of dual anti-platelet therapy  

2. Clopidogrel resistance  

1. Dose elevation of clopidogrel from 75mg to 

150mg 

2. Switch to triple anti-platelet therapy  

3. Switch to new drugs  

 => prasgurel 

 => ticagrelor  

 

Prevention of Stent thrombosis  



Targets for platelet inhibition 



Rha SW et al. Circulation 2009;119:3207-14 



Adjusted Cumulative incidence in patients  

Rha SW et al. Circulation 2009;119:3207-14 

26% 

Triple vs. dual anti-platelet therapy in STEMI 



Prasugrel 

TRITON-TIMI 38 TRIAL 

Wiviott SD et al. NEJM 2007;357:2001   



PLATO TRIAL 

Wallentin L et al. NEJM 2009;361:1045   

K-M curve for the primary end point K-M curve for the first major bleeding 

P<0.001 P=0.43 

Primary end point: the composite of death from cardiovascular causes,  MI, stroke 

Ticagrelor 



CC  For dental implant 

  

PH   DES d/t AMI 2 YA 

 

Present medications  

Aspirin, Clopidgrel, ACEI, beta-blocker, statin  

 

증례 4 : 60 Year-Old Male 



이 환자에게 적합한 조치는? 

 

 

1.  현재 복용대로 약물치료하고 임플란트를 시행한다. 

2.  Clopidogrel만 중단하고 임플란트를 시행한다. 

3.  Aspirin, Clopidogrel 모두 중단하고 임플란트를 시행한다. 

4.  임플란트 시술을 연기한다. 

 

증례 4 : 문제 1 



 

Aspirin alone: 1.5 times without an increased surgical 

mortality or morbidity.  

Dental, opthalmological, visceral and minor general 

surgery, endoscopies, biosies and dialysis catheter 

insertion 

 

Increase in bleeding rate in specific procedure : Hip 

arthroplasty, cardiac surgery with cardiopulmonary 

bypass, tonsillectomy, transurethral prostatectomy 

 

 

Bleeding Risk (Aspirin Alone) 



Algorithm for preoperative management of patients 

under antiplatelet therapy 

Chassot, P.-G. et al. Br. J. Anaesth. 2007 99:316-328 



High (>5%) 
Aortic and other major vascular surgery 

Peripheral vascular surgery 

Intermediate 

(1 – 5%) 

Carotid endarterectomy 

Head and neck surgery 

Intraperitoneal and intrathoracic surgery 

Orthopedic surgery 

Prostate surgery 

Low (<1%) 

Endoscopic procedures 

Superficial procedures 

Cataract surgery 

Breast surgery 

Ambulatory surgery 

Surgery-Related Risk 

2009 ACC/AHA Practice Guidelines 



CC RUQ pain, fever (onset: 4 DA) 

PH HT (+) 

 UAP (+): PCI with DES 5 MA 

 Med: aspirin, clopidogrel, BB, ACEI, statin 

FC Able to walk up a hill 

PI      Urgent surgery: acute cholecystitis 

  No chest pain or DOE 

VS 140/90 mmHg,  91/min 

증례 5 : 65 Year-Old Male 



ECG on admission 



 LAB 
CBC            

   WBC     17600 /mm3 

   Hb      13.3g /dL   

   PLT       133x103 /mm3   

LFT 

   AST      84 U/L      

   ALT       84 U/L 

   T-bil      1.1 mg/dL 

 

RFS and electrolytes 

   BUN/Cr    25.3/0.8 mg/dL 

   Na/K/Cl    139/4.5/107 mEq/L 

 
Acute phase reactant 
   CRP         12.1 mg/dL 
 
Cardiac enzymes 
   Tn-I          0.01  ng/mL 
   CK            47    U/L   
   CK-MB     5.9   U/L    
   proBNP    229  pg/mL 

 

  

 Abdominal CT 



수술 전 항혈전요법으로 가장 적절한 권고는? 

Aspirin PO Clopidogrel PO Heparin IV 

1. Quit Quit No 

2. Quit Quit Yes 

3. Maintain Quit No 

4. Maintain Quit Yes 



Previous PCI 

Balloon 

angioplasty 
Bare-metal 

stent 

Drug-eluting 

stent 

Delay for elective 

or 

nonurgent surgery 

Proceed to the 

operation room 

with aspirin 

Delay for elective  

or  

nonurgent surgery 

Proceed to the 

operating room  

with aspirin 

<14 days >14 days >30-45 days <30-45 days <365 days >365 days 

Time since  

PCI 

2009 ACC/AHA Practice Guidelines 

Timing of Surgery after PCI 



I. Optimal anti-platelet therapy  

1. Longer duration of dual anti-platelet therapy  

2. Clopidogrel resistance  

1. Dose elevation of clopidogrel from 75mg to 

150mg 

2. Switch to triple anti-platelet therapy  

3. Switch to new drugs  

 => prasgurel 

 => ticagrelor 

II.  New stent design  

1.   DES with biodegradable polymers 

2.   non-polymeric drug delivery 

 

Prevention of Stent thrombosis  



Animal And Clinical Experiences of  

New Coronary Stents at CNUH 

1. Bare Metal Stent 

   Carbon coated stent, Co-Cr stent 

2. Radioactive (Ho-166) stent 

3. Drug-coated stent  

   Heparin stent, Paclitaxel Carbon stent, Hepamin (Heparin+Dopamine) Stent 

   Abciximab (ReoPro®  ) stent, ACEI coated stent  

   Anti-oxidants (carvedilol, probucol, alpha-lipoic acid) stent,  

   Echinomycin-heparin double coating on Co-Cr stent 

   Phospholipid-coating biocompatible stent 

   Biodegradable PLGA (polylactic glycolic acid, Fucoidan) stent 

   Nanotech stent (TiO2, NO-doped TiO2 coated stent)  

   Dual coating stent (ReoPro and ALA) 

4. Gene-coated stent: Natural polymer (LMWSC)-mediated gene coating stent 

                                      TiO2-drug-plasmid stent 

5. Endothelial progenitor cell capture stent – Aptamer stent  

                             



 Conclusions in animal study: 

    Heparin-coated stent Inhibits neointimal 

    cell proliferation within stent compared with 

    non-coated stent       

Heparin-Coated Stent 

Bare 

Stent 

Heparin
-Coated 

Stent 

Catheter Cardiovasc Interv 1999;48:324-30, Korea Patent: 0336508 



Platelet GP IIb/IIIa Receptor Blocker  

(ReoPro)-Coated Stent in A Porcine Model 

Control stent                 ReoPro-coated stent 
CNUH data. Circulation 2000;102:II-666, JACC 2001;37:1A 

Korea Patent : 0371008, 10-0778656, US Patent: 11/744,010 







J Cardiol  2009;54:375-85 

Anti-Oxidant (Alpha-Lipoic Acid) 



Control Stent ALA  Coated Stent 

CNUH Data.  J Mater Chem 2009;19:3248-52 . J Cardiol 2009;54:375-85, Korea Patent: 

10-0778654  

 A Novel Antioxidant, Alpha Lipoic Acid 

(ALA), Coated Stent for Diabetic AMI 

Patients 



CNUH Data. J Mater Chem 2010;20:4792-801  



TiO2 Coating : Plasma Enhanced Vapor Deposition 

CNUH Data. J Mater Chem 2010;20:4792-801  



TiO2 Coating by Plasma 

Enhanced Vapor Deposition 

CNUH Data. J Mater Chem 2010;20:4792-801  



One-Month Washing Test after  

Drug Coating using TiO2 Coating 

A B C

D E F

G H I

ALA 

Abciximab 

Heparin 

CNUH Data. J Mater Chem 2010;20:4792-801, Korea Patent:10-2009-0062571, US 

Patent:7466629  



CNUH and KIST Data. Polymer 2010;34:1-6 

Biodegradable ALA Stent Coating with Electrospray 



CNUH and KIST Data. Polymer 2010;34:1-6 

Release Kinetics of PLLA, PLGA, PCL Coating ALA 
Stent 



CNUH Data. 2009 TCT, J Mater Chem 2009;19:8135-41 
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ReoPro ALA 

Dual Coating Stent :  Plasma Polymerization 

CNUH Data. 2009 TCT, J Mater Chem 2009;19:8135-41 



CNUH Data. 2009 TCT, J Mater Chem 2009;19:8135-41 

Dual Coating Stents : ReoPro and ALA 

SEM Findings of ReoPro/ALA Stent 
Release Kinetics of 
ReoPro/ALA Stent 



Dual Coating Stent (ReoPro and ALA) 

with Low Inflammation Cell Counts  

CNUH Data. 2009 TCT, J Mater Chem 

2009;19:8135-41 
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Dual coating Control

P=0.048 



EPC-Capturing Aptamer Stent 

CNUH data. 2009 ACC. Tissue Eng Regen Med 

2009;6:555-61 



EPC-Capturing Aptamer Stent 

 Re-endothelialization score = 3.6; 3.4; 1.3  

(complete: 4, ~75%: 3, ~50%: 2, ~25%: 1, ~0%) 

 Thrombus appearance rate = 16.7 %; 0%; 66.7%  

Aptamer                     Cobalt-chromium                  Taxus 

CNUH data. 2009 ACC. Tissue Eng Regen Med 

2009;6:555-61 



Nitrogen-Doped TiO2 Film As A Drug Coating Matrix 

 
 
 
 
 
 

J Mater Chem 2011;21:8169-77  



Nitrogen-Doped TiO2 Film As A Drug Coating Matrix 

J Mater Chem 2011;21:8169-77  



Gene Delivery Stent using TiO2 and Drug Coating 
Korea Patent 10-2010-0127251 

TiO2 thin film coating  

: O 
: H H2O modification by H2O plasma 

drug grafting 

plasmid grafting 

Drug (Abciximab or Heparin, ALA, sirolimus, paclitaxel) 

Metal 

TiO2 thin film 

Plasmid 

gWiz-Beta gal 
plasmid  (6732bP) 

Beta galactosidase 
gene  



Porcine Coronary Artery 
Smooth Cells 

Gene-delivered cells (blue color) 

Gene-delivery into Rat 
Abdominal wall using Gene-

coated plate 

Gene-delivered 
muscle (blue 
color) 

Gene Delivery Stent using TiO2 and Drug Coating 
Korea Patent 10-2010-0127251 



 

1. DAT (aspirin & clopidogrel) recommended for ≥1 Y 

after DES  

2. Premature (<6 M) cessation of antiplatelet therapy is 

the most important risk factor for late (30 D to 1Y) ST 

after DES 

3. For patients with DES who are to undergo surgery 

that mandate discontinuation of clopidogrel, aspirin 

should be continued if at all possible and clopidogrel 

restarted as soon as possible after surgery 

4. New anti-platelet therapy and new DES will be helpful 

to overcome stent thrombosis  

Take Home Message for Coronary Artery 

Stent Thrombosis 



INSTITUDE STENT RESEARCH 

http://www.stent.kr 
Click to edit Master title style 

한국 심혈관계 스텐트 연구소 

 

GIST 

CNUH   

 

국립심혈관센터 예정 부지 

스텐트 공장 

한국심혈관  
스텐트 연구소 

국립심혈관센터 부지 



오늘 참석하신 모든 분들의 건강과  

개원내과의사회의 무궁한 발전을 기원합니다 


