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62 years old gentleman62 years old gentlemany gy g

SAP SSAP STEMI10 months later
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Courtesy of Dr. Bae JH



64Y/Male Unstable angina, DM, HT

MLA 2.04 mm2

Heavily calcified
FFR: 0.92

Heavily calcified 
lesion with 
multiple plaque

1 year later
multiple plaque 
ruptureNSTEMI
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Courtesy of Dr. Kim SW



The Vulnerable Plaqueq

A vulnerable plaque is an

th l ti l i t th t i lik latherosclerotic plaque in a coronary artery that is likely 

to rupture or fissure, leading to thrombosis, and then p , g ,

acute coronary syndrome or sudden cardiac death.
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The Fate of Vulnerable Plaque 
Additional Facto s (I)– Additional Factors (I)

I t lIntraplaque
hemorrhage
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The Fate of Vulnerable Plaque 
Additional Facto s (II)– Additional Factors (II)

ShearShear 
Stress

Shear stress contributes to local endothelial dysfunction and eccentric 
plaque build up and transform the lesion into a rupture-prone vulnerable

The Heart Center of The Heart Center of ChonnamChonnam National University Hospital  National University Hospital  

plaque build up, and transform the lesion into a rupture prone vulnerable 
plaque.



The Fate of Vulnerable Plaque 
Additional Facto s (III)– Additional Factors (III)

FDG Imaging of Coronar InflammationFDG Imaging of Coronary Inflammation

18F-FDG PET CT

PET/CT Coronary angiography 

The Heart Center of The Heart Center of ChonnamChonnam National University Hospital  National University Hospital  

Vancraeynest, JACC 2011;57:1961



Coronary plaque rupture and rupture-prone 
lnerable plaq esvulnerable plaques
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Thrombosis and Haemostasis 106.1/2011



Do thin cap Do thin cap fibroatheromasfibroatheromas
(vulnerable plaques) go on and Rupture?(vulnerable plaques) go on and Rupture?(vulnerable plaques) go on and Rupture?(vulnerable plaques) go on and Rupture?

Plaque Rupture nc

nc

Thrombus?

Thi fib th
Plaque Erosion

Thin cap fibroatheroma
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The Fate of Vulnerable Plaque
Plaque changes is dynamic process.
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PROSPECT: MACE (n=697) ( )

The Heart Center of The Heart Center of ChonnamChonnam National University Hospital  National University Hospital  Stone GW et al. NEJM 2011;364:226-35 



PROSPECT 52Y Male 

2/13/06: NSTEMI PCI of MLAD2/13/06: NSTEMI, PCI of MLAD 
2/6/07 (51 weeks later): NSTEMI attributed to LCX 

I d 2/13/06Index 2/13/06 Event 2/06/07

QCA PLCX DS 28 6% QCA PLCX DS 71 3%

The Heart Center of The Heart Center of ChonnamChonnam National University Hospital  National University Hospital  
Gregg W. Stone, TCT 2011

QCA PLCX DS 28.6% QCA PLCX DS 71.3%



PROSPECT 52Y Male 

The Heart Center of The Heart Center of ChonnamChonnam National University Hospital  National University Hospital  Gregg W. Stone, TCT 2011



MLA 4.0 mm2; plaque burden 62%; TCFA 

9 months later9 months later

The Heart Center of The Heart Center of ChonnamChonnam National University Hospital  National University Hospital  Gregg W. Stone, TCT 2011



PROSPECT: VH-TCFA and 
N l it l i l t d tNon-culprit lesion related events 

The Heart Center of The Heart Center of ChonnamChonnam National University Hospital  National University Hospital  Stone GW et al. NEJM 2011;364:226-35 
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Plaque Progression at 9-Month Follow-Up

Baseline Follow-up

q g p

Baseline Follow up
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Plaque Regression at 9-Month Follow-Up

Baseline Follow-up

q g p

Baseline Follow up
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Baseline Minimum lumen site
Relative plaque area
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%FT %FF %DC %NC
Hong YJ et al., Am J Cardiol 2010:106;1241-1247.



Thin-Cap FibroatheromaThin Cap Fibroatheroma
p=0 020(%)

40
p=0.020(%)

3230 32

2020

9
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0
Progression (n=22) Regression (n=44)
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Progression (n 22) Regression (n 44)
Hong YJ et al., Am J Cardiol 2010:106;1241-1247.
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Silent Ruptures and Erosions lead to Plaque ProgressionSilent Ruptures and Erosions lead to Plaque Progression
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11% of plaque rupture are virgin

The Heart Center of The Heart Center of ChonnamChonnam National University Hospital  National University Hospital  
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Evolution of Spontaneous Atherosclerotic 
Plaque Rupture With Medical Therapy in ACSPlaque Rupture With Medical Therapy in ACS

In 14 Pts with 28 plaque ruptures, 22 months FU

50% healed without significant plaque modification.

The Heart Center of The Heart Center of ChonnamChonnam National University Hospital  National University Hospital  
Rioufol G. et al. Circulation 2004;110:2875-80



Healing of nonculprit plaques in ACS
(30 pts) in Non culprit Lesions; 13 9 M FU(30 pts) in Non-culprit Lesions; 13±9 Mo FU

• Overall healing; 30%• Overall healing; 30% 
• Remaining of thrombi in 

35 (70%)( )
• Thrombus color change 

from red (56%) at 
baseline to pinkish-white 
(83%) at follow-up 

• %DS at the healed

DS=35% DS=43%

• %DS at the healed 
plaque (12.3% to 22.7%, 
p<0.05) )

• 1 pt need PCI
Pinkish-white Smooth white intima 
thrombus on the 
yellow plaque

without thrombus

Ruptured plaques in nonculprit lesions tend to heal slowly

The Heart Center of The Heart Center of ChonnamChonnam National University Hospital  National University Hospital  Takano M et al, J Am Coll Cardiol 2005;45:652–8

Ruptured plaques in nonculprit lesions tend to heal slowly 
with a progression of angiographic stenosis.



Changes in Plaque Characteristics Assessed byChanges in Plaque Characteristics Assessed by
VHVH--IVUS Between Baseline and FollowIVUS Between Baseline and Follow--UpUpVHVH IVUS Between Baseline and FollowIVUS Between Baseline and Follow UpUp

The Heart Center of The Heart Center of ChonnamChonnam National University Hospital  National University Hospital  Kubo T et al: JACC 55:1890, 2010



Changes in Plaque Characteristics Assessed byChanges in Plaque Characteristics Assessed by
VHVH--IVUS Between Baseline and FollowIVUS Between Baseline and Follow--UpUpVHVH IVUS Between Baseline and FollowIVUS Between Baseline and Follow UpUp

Baseline

VH-TCFA ThCFA Fibrotic Fibro-
calcificPIT

(n=20) (n=93) (n=22) calcific
(n=19)(n=62)

Follow-up

6%
3%1%

10%

19% 10%

65% 25%

6%

82%

18%

71%
65%

90% 100%82%

Most VH-TCFAs healed during 12-month follow-up, whereas new VH-
TCFAs also developed This is a dynamic process!

The Heart Center of The Heart Center of ChonnamChonnam National University Hospital  National University Hospital  

Kubo T et al: JACC 55:1890, 2010

TCFAs also developed. This is a dynamic process!



HORIZONS-AMI
Dynamic nature of nonculprit coronary artery lesion morphology in STEMI

Zhao et al. JACC 
Cardiovasc Imaging 
2013;6:86-95.

The Heart Center of The Heart Center of ChonnamChonnam National University Hospital  National University Hospital  

Untreated nonculprit lesions in STEMI patients frequently have TCFA 
morphology that does not change during 13-month follow-up.
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68/M
As mptomatic ISRAsymptomatic ISR

Taxus 4.0*20mm at mLAD

The Heart Center of The Heart Center of ChonnamChonnam National University Hospital  National University Hospital  

Courtesy of Dr. Kang SJ



77/M SAP DM HT DL77/M, SAP, DM, HT, DL
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IVUSIVUS

Plaque burden 75%
Plaque burden 76%
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VH-IVUSVH IVUS
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Two-DES with OverlappingTwo DES with Overlapping
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Unstable angina 
9 M th FU CAG9-Month FU CAG 

The Heart Center of The Heart Center of ChonnamChonnam National University Hospital  National University Hospital  



9-Month FU IVUS9 Month FU IVUS

The Heart Center of The Heart Center of ChonnamChonnam National University Hospital  National University Hospital  



59/M, NSTEMI d/t VLST
Cypher 3.0*23mm, 3.5*8mm at p~mLAD

I St t N th l i

The Heart Center of The Heart Center of ChonnamChonnam National University Hospital  National University Hospital  

In-Stent Neo-atherosclerosis 
with Vulnerable Intima

%NC=30%

Courtesy of Dr. Kang SJ
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Kang SJ et al., Am J Cardiol 2010;106:1561-1565



Differences in VH-IVUS 
Composition of In-Stent Neointimal
Ti t V i F ll P i dTissue at Various Follow-up Periods

(A) O ll 117 l i bi i b(A) Overall, 117 lesions combining bare 
metal and drug-eluting stents 

(B) 70 lesions treated with drug-eluting 
stents 

(C) 47 lesions treated with bare metal 
stents

Necrotic core and dense 
calcium within the 

neointima increased over 
time after both DES and 

BMS Implantation
The Heart Center of The Heart Center of ChonnamChonnam National University Hospital  National University Hospital  Kang SJ et al., Am J Cardiol 2010;106:1561-1565

BMS Implantation.



Neointima between DES vs. BMS
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Long-term Effects of DES on Coronary Morphology
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Conclusion (I)Conclusion (I)( )( )
Fate of Vulnerable Plaque

Some lnerable plaq es r pt re as mptomaticallSome vulnerable plaques rupture asymptomatically 
and are detected incidentally.
TCFAs can heal or rupture asymptomatically, and 

new TCFAs can develop.
Lesions with vulnerable plaque can evoke acute 

coronary syndrome.
A combination of large plaque burden, compromised 

lumen, and the presence of a TCFA increase the risk 

y y

u e , a d t e p ese ce o a C c ease t e s
of silent plaque progression to become a clinical 
event.
Changes in plaque characteristics are dynamic 

process.

The Heart Center of The Heart Center of ChonnamChonnam National University Hospital  National University Hospital  
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Conclusion (II)Conclusion (II)( )( )
Neointimal Tissue Characteristics

Tissue characteristics of neointima varied in the 
lesions with DES failurelesions with DES failure.

Stents that have been implanted for longer periods 
and develop late DES ISR have in-stent tissue 
composition that includes necrotic core and dense 

l i ti f i t t th l icalcium suggestive of in-stent neoatherosclerosis.

Large necrotic core containing DES ISR lesions canLarge necrotic core containing DES ISR lesions can 
also rupture and thrombose to cause very late 
stent thrombosis.stent thrombosis.

The Heart Center of The Heart Center of ChonnamChonnam National University Hospital  National University Hospital  


