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A B 

Why should we listen to the Oncologist? 

Is this ONLY a surgical disease? 
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Coronary Artery Stenosis Before  
Acute Myocardial Infarction 

CP989561-1 Circulation, 1996 (data from four studies) 
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Widespread 
enthusiasm 

Measured 
reality 

Regrets 

Doubts set in 

Natural history of many bio medical and theories    
 

Time 

• Retrospective observational 
study 
 

• Pathology data 
 

• Small number of patients 



    
•   The vulnerable plaque theory 
 

  Vulnerable plaque 
From Wikipedia, the free encyclopedia 
A vulnerable plaque is a kind of atheromatous plaque – a 
collection of white blood cells (primarily macrophages) and lipids 
(including cholesterol) in the wall of an artery - that is particularly 
unstable and prone to produce sudden major problems, such as 
a heart attack or stroke. 

Invasive imaging of the vulnerable plaque: 
embarking on a fantastic voyage 

  
 



CP914474- 6 

ACS is a dynamic process that 
occurs at the interface between 

the vascular  wall and 
circulation  

41 year old male with Ant. STEMI 
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The components of the Vulnerable Plaque 

CP949994-2 
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Imaging Methods for Detecting the Vulnerable 
Plaque 

CP949994-2 

IVUS 

•Functional imaging (Endothelial 
function, palpography) 

•Morphologic assessment (VH, OCT, 

•Plaque content: (lipid scan, VV) 

•Combination 
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Imaging Methods for Detecting the Vulnerable 
Plaque 

CP949994-2 

IVUS 

•The  
explosion of 

imaging 
modalities 

 



41 year old male 
Vulnerable Patient 
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IVUS based Virtual Histology Lesion  Analysis 

Fibrotic        Pathological  FibroAtheroma      FA Calcified   Thin Cap FA          TICFA with    Fibrocalcific                                      
    Intimal                                                                                                  previous  
    Thickening                                                                                           ruptures 
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VH in Acute coronary syndrome 
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Principle of the Intravascular 
Palpography Measurement Procedure 

CP1226755-16 

Schaar et al:  JACC 47:C86, 2006 
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Schaar et al:  Circ 108:2636, 2003 

CP1228742-5 
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Superior resolution with OCT 

Normal native coronary artery 

intima 

media 

adventitia 

Strength of OCT: Visualization of the luminal 
border and the intimal layer 
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Thrombus 

Necrotic Core 

Necrotic Core 

Vulnerable Plaque 
OCT for Vulnerable Plaque Detection 

Thin cap 

Thrombus 

Necrotic Core 
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Comparison of NIR-Derived 
Chemogram with Histology Truth 

CP1301145-10 

• 67-year-old male 
• Cause of death:  MI 
• History:  CAD (with previous CABG) 

High 

Low 
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* Illustrative vis-à-vis scanner 
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3075999-21 
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What do we have so far? 
 

•Enhanced knowledge on the 
mechanism of the disease 
 
•Multiple imaging modalities 
 

•Many new start up companies 
 

•Many conferences and miles 
traveled 
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Widespread 
enthusiasm 

Measured 
reality 

Regrets 

Doubts  
set in 

Natural history of many bio medical and 
theories    

 

Time 

• Not all ACS and SCD 
originated from VP 
(Pathology data) 
 

• Missing elements 
 

• Arithmetic 
 
• Vulnerable patients: 

trigger 
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TCFA= Thin capped  
Fibroatheroma with rupture 

Erosion 

Virmani, JACC 2006 

The pathology of the 
ACS and sudden 

cardiac death may 
demonstrate:  

TCFA with plaque 
rupture, 

 plaque erosion. 
Calcium and 
Hemorrhage 

Fibroatheroma with severe 
Intraplaque hemorrhage 

Calcified Nodule 
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CP1089965-3 
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Role of intra plaque hemorrhage in plaque rupture 

Fibroatheroma, Late-Stage Necrosis 

Thin-Cap Fibroatheroma 
Macrophages Glycophorin A Iron vWF 

Macrophages Glycophorin A Iron vWF 

Kolodgie et al:  NEJM, 2003 
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Goessl  & Lerman et al:Jacc Img, 2010 
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Background –The objective of the present study was to investigate 
whether atherosclerotic plaque composition is associated with the 
occurrence of future vascular events. 
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Relation Between Plaque Characteristics and Primary Outcome 

Hellings et al:  Circ 121:1941, 2010 
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Representative Cases of Plaque Rupture Occurring 
at Rest or with Exertion 

Tanaka et al:  Circ 118:2368, 2008 
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Prevalence of Multiple Coronary Artery Plaque 
Ruptures Detected by Intravascular Ultrasonography 

in 5 Studies 

Rioufol 

Multiple ruptured plaques by IVUS (%) 

Kotani 

Schoenhagen 

Hong 

Tanaka 

All 
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Arithmetic 
Autopsy series in US communities among young adults 
(mean age, 36 years) who died of non natural causes 
revealed coronary atherosclerosis in 80% of the 
autopsy sample, with 8% having obstructive disease 
 
However, the annual incidence of acute coronary events 
in the United States for individuals 40 years of age is 0.2% 
to 1%, 
 
Factors other than the mere presence of coronary 
atherosclerosis need to be involved for an acute coronary 
event to occur 
 
Plaque rupture and thrombus formation most often do not 
lead to coronary events 
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Vulnerable: 
 Vessel 

Mind 
Blood 
 

 

•Emotional 
stress 

•Physical 
stress 

Trigger 
Events 
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Acute Coronary  
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a dynamic process that occurs at the 
inteface between the vascular  wall 

and the circulation 

= 



CP914474- 37 

©2011 MFMER  |  slide-37 

Widespread 
enthusiasm 

Measured 
reality 

Regrets 

Doubts  
set in 

Natural history of many bio medical and 
theories    

 

Time 

 
• Natural history of the 

VP 
 

• The need for a 
Prospective study 
 

• Improve imaging 
modalities 
 

• New theory 
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Takano et al:  JACC, 2005 

Healing of Nonculprit Plaque in Acute Coronary Syndrome 



Relationship Between the Angioscopic Follow-Up Period 
and Healing Rate of the Nonculprit Ruptured Plaques 

Healing 
rate of 

ruptured 
plaque (%) 

CP1184962-17 
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Takano et al:  JACC, 2005 
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Changes in Plaque Characteristics Assessed by 
VH-IVUS Between Baseline and Follow-Up 

Kubo T et al: JACC 55:1890, 2010 

Baseline 

Follow-up 

VH-TCFA 
(n=20) 

ThCFA 
(n=93) 

Fibrotic 
(n=22) 

Fibro- 
calcific 
(n=19) 

PIT 
(n=62) 

71% 

10% 
19% 10% 

65% 25% 
90% 

6% 
3% 1% 

100% 82% 

18% 

Most VH-TCFAs healed during 12-month follow-
up, whereas new VH-TCFAs also developed.  
This is a dynamic process! 
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Do thin cap fibroatheromas (vulnerable 
plaques) go on and Rupture? 

Thin cap fibroatheroma 

Plaque Rupture nc 
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Thrombus 

? 

Plaque Erosion 
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Sirius red Sirius red with polarized light 

Silent Ruptures and Erosions lead to Plaque Progression 
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We need a prospective study! 
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The PROSPECT Trial 
 

700 pts with ACS undergoing 1 or 2-
vessel PCI followed by 3-vessel 

imaging  
QCA of entire coronary tree 

IVUS 
Virtual histology 

Palpography (n=~350) 

Repeat imaging 
in pts with events  

Meds rec 
Aspirin 
Plavix 1yr 
Statin 
Repeat biomarkers 
@ 30 days, 6 months  

Proximal 6-8 
cm of each 
coronary 

artery 

MSCT 
Substudy 
N=50-100  

F/U: Until there 
are 100 

VP events 

 
Sponsor: Abbott Vascular (Partner: Volcano) 
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PROSPECT: Imaging Summary 
Per patient incidence of VH-TCFAs 

49.8% of patients have ≥1 VH-TCFA 
0.95±1.29 VH-TCFAs per patient  

(range 0 – 7 per patient) 
Total of 581 VH-TCFA lesions in 614 patients 

 

Lesions/patient per coronary tree 
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PROSPECT: MACE (N=697) 
M
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ALL 697                                      557  506             480 
CL related 697                                      590 543            518 
NCL related 697                                      595 553             521 
Indeterminate 697                                      634 604             583 

12.9% 

20.4% 

11.6% 

2.7% 

MACE = cardiac death, cardiac arrest, MI, or rehospitalization for unstable or progressive angina 
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PROSPECT: MACE 

3-year follow-up, hierarchical 

All Culprit          
lesion related 

Non culprit 
lesion related 

Indeter-
minate 

Cardiac death 1.9% (12) 0.2% (1) 0% (0) 1.7% (11) 

Cardiac arrest 0.3% (2) 0.3% (2) 0% (0) 0% (0) 

MI (STEMI or NSTEMI) 2.7% (17) 1.7% (11) 1.0% (6) 0.2% (1) 

Rehospitalization for unstable 
or progressive angina 15.4% (101) 10.4% (69) 10.7% (68) 0.8% (5) 

Composite MACE 20.4% (132) 12.9% (83) 11.6% (74) 2.7% (17) 

Cardiac death, arrest or MI 4.9% (31) 2.2% (14) 1.0% (6) 1.9% (12) 

Rates are 3-yr Kaplan-Meier estimates (n of events) 
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PROSPECT: MACE 

3-year follow-up, hierarchical 

All Culprit          
lesion related 

Non culprit 
lesion related 

Indeter-
minate 

Cardiac death 1.9% (12) 0.2% (1) 0% (0) 1.7% (11) 

Cardiac arrest 0.3% (2) 0.3% (2) 0% (0) 0% (0) 

MI (STEMI or NSTEMI) 2.7% (17) 1.7% (11) 1.0% (6) 0.2% (1) 

Rehospitalization for unstable 
or progressive angina 15.4% (101) 10.4% (69) 10.7% (68) 0.8% (5) 

Composite MACE 20.4% (132) 12.9% (83) 11.6% (74) 2.7% (17) 

Cardiac death, arrest or MI 4.9% (31) 2.2% (14) 1.0% (6) 1.9% (12) 

Rates are 3-yr Kaplan-Meier estimates (n of events) 
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PROSPECT: Multivariable Correlates    of 
Non-Culprit Lesion Related Events 

Independent predictors of patient level 
events by Cox Proportional Hazards 

regression 

Variables entered into the model: age, gender, hypertension, insulin dependent 
diabetes, prior PCI, CRP at baseline, family history  

Variable HR [95% CI]  P value 
 
Insulin dependent  
diabetes 3.32 [1.43, 7.72] 0.005 
 
Prior PCI  2.03 [1.15, 3.59] 0.02 
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PROSPECT: Multivariable Correlates    of 
Non-Culprit Lesion Related Events 

Variables entered: minimal lumen area (MLA), plaque burden at the MLA, external elastic membrane at the 
MLA, lesion length, distance from the coronary ostium to the MLA, remodeling index, thin-cap fibroatheroma, 

insulin-requiring diabetes and prior percutaneous coronary intervention 

Variable HR [95% CI]  P value 

PBMLA ≥70% 5.03 [2.51, 10.11]  <0.0001 

VH-TCFA  3.35 [1.77, 6.36] 0.0002 

MLA ≤4.0 mm2 3.21 [1.61, 6.42] 0.001 

Independent predictors of lesion level events 
by Cox Proportional Hazards regression 
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Ten Complex Optical Coherence Tomography-Based 
Characteristics of Non-Significant Coronary Plaques 

Uemera et al:  European Heart Journal (2012) 33, 78-85 

A = Eccentric plaque 
distribution 
B = Concave lumen shape 
C = Intimal laceration 
D = Ruptured plaque 
E = Microchannel 

F = Lipid pool 
G = Thin fibrous cap covering 
lipid pool 
H = Macrophage image 
I = Calcium deposition 
J = Thrombus formation 

Conclusion: Optical coherence tomography-based complex 
characteristics of TCFA and microchannel were the potential 
predictors of subsequent progression of NSCPs in patients with 
CADs 



CP914474- 54 

Ch
ro

m
aF

lo


 
CT

 
Ch

ro
m

aF
lo


 a
re

a 
(m

m
2 ) 

CT
# 

(1
,0

00
/m

m
2 ) 

Moritz and Lerman JACC Img. 2012. 
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Normal 
Microcirculation 
function 

Why are most of 
the plaque 
ruptures 
asymptomatic? 

Abnormal 
Microcirculation 
function 

The presence of 
normal 
microcirculation 
serves as 
compensatory 
protective 
mechanism  
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Consecutive patients 
undergoing elective PCI of 
a single lesion in the left 
anterior descending 
coronary artery were 
recruited. 
 A pressure-temperature 
sensor wire was used to 
measure IMR before PCI. 
Of the 50 patients studied, 
10 had periprocedural MI. 

Conclusions:   These data suggest that the status of 
the coronary microcirculation plays a role in 
determining susceptibility toward periprocedural MI 
at the time of elective PCI. The microcirculation can 
predict subsequent risk of developing myocardial 
necrosis and may guide adjunctive prevention 
strategies. 
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Conclusion 

• We make the assumption that we will be 
able to detect VP. After all, we are “smart” 
people, and a lot of money and time is 
being spent on this problem. 

 
• The successful technique is the one that 

will predict events, not just correlate with 
pathology. None of the techniques that I 
have discussed is “there” yet. 
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