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 Sudden death can be the first sign of CAD.

 After successful treatment of the initial culprit 
lesion by a percutaneous coronary 
intervention (PCI), the risk of a coronary event 
from a new lesion is 10% in the following year 
and 5% in each of the subsequent 4 years.

 Efforts to detect vulnerable plaque.





 an atherosclerotic plaque which is liable to 
complications and is thrombosis prone.

 High-risk plaque” and “thrombosis-prone 
plaque.



 Fibrous Cap Thickness < 65 um

 Macrophages > 25 cells per 0.3 mm diameter 
field

 Lipid Core > 40 % of plaque area





 Positive remodelling-inflammation, 
calcification, and medial thinning associated 
with unstable angina.

 Negative remodelling and smaller plaque 
areas - associated with stable angina





 Eccentric-appearing lesion

 Overhanging edges and irregular borders

 Ulceration

 Impaired FLOW.



 Lipid core.

 Inflammation .

 temperature increases, 

 T lymphocytes and macrophages 
predominate and SMCs are less common.

 increased collagen degradation and 
decreased collagen formation



 Mediators of cap thining
◦ Collagen degradation  by  macrophages,

◦ INF-y and TNF-α produced by T-lymphocytes.



 Vascular and hemodynamic forces
◦ areas of low shear stress predispose to the 

formation of advanced plaques, presumably by 
creating conditions that favor transmigration of 
lipids and inflammatory cells into the vessel wall.

◦ High shear stress-can promote plaque rupture and 
platelet aggregability, leading to an occlusive 
thrombotic event



 Neovascularization contributes to TCFA 
formation and rupture.

 increased hemorrhage, presumably from 
microvessels->add to the lipid content of the 
plaque because erythrocytes are cholesterol 
rich.



 Plaque inflammation: local and systemic 
inflammatory states

 Endothelial dysfunction : hypertension, 
diabetes, dyslipidemia and cigarette smoking.

 Increased plaque thrombogenicity.

 Increased wall stress.





 hs-CRP

 Lipoprotein- A2

 Nuclear factor-kappa beta

 IL-6

 PAPP-A

 ICAM-1, VCAM-1, selectins, CD-40 ligand

 Markers of immune activation: - Anti-LDL 
antitiody, and Anti-HSP antibody.



 definite clinical indication for invasive 
angiography.

 subclinical disease.(not required).



◦ Eccentric pattern

◦ Presence of an echolucent core.

◦ Positive vessel wall remodeling .

◦ Presence of thrombi .

◦ Plaque length. 

◦ Lumen narrowing .

◦ Spotty pattern of calcifications



 Provides real-time cross-sectional 
tomographic images of the examined vessel .

 spatial resolution of 150 µm at a frame rate 
of 10 to 30 frames/s.



 limited spatial resolution- IVUS does not 
permit recognition of TCFA.

 gray-scale IVUS cannot accurately 
discriminate the elements of plaque 
composition.





 supposed to be more directly related to the 
interaction of ultrasound with the tissue

 3 TYPES
◦ Virtual histology [VHIVUS] .

◦ Integrated backscatter [IB]- IVUS)

◦ wavelet analysis



 With VH, plaque components are usually 
categorized into 4 tissue types
◦ Fibrous

◦ Fibrofatty

◦ necrotic

◦ Calcified

 TCFAs assessed by VH correlated well with 
subsequent risk of major adverse cardiac 
events.





 unable to distinguish thrombi from other 
plaque components

 Limited spatial resolution.



 measures the mechanical properties of tissue.

 measures the plaque deformation  in response to the 
pulsating force of blood pressure.

 assess the deformation of plaques during the changes in 
intracoronary pressure that occur during the cardiac cycle

 Fibrous plaque stiffer than lipid rich plaque.





 ultra-high resolution .

 limited tissue penetration .

 identify plaque morphology.

 Can identify TCFA and eroded plaques.

 Helpful in quantifying macrophage content.

 Limitations ->needs blood free field





 different molecules absorb and scatter near-
infrared light differently allows for the 
chemical characterization of biological tissues 
and can be used to assess lipid and protein 
content in atherosclerotic plaques

 displayed on a color scale -> “chemogram”

 sensitivity and specificity for lipid pool, a thin 
cap, and inflammatory cells.

 Limitations-> cardiac motion, blood flow, 
and the need to scan entire arteries







 water diffusion is less in lipid-rich than in 
fibrous plaques

 spatial resolution of 100 µm

 sensitivity of 100% and a specificity of 89%

 Limitations ->need to
◦ stabilize the catheter by use of an occluding 

balloon 

◦ mechanically rotate the catheter





 direct visualization of the surface of the plaque 
and the detection of thrombi

 Plaque colour: white, light yellow, yellow, or 
intense yellow

 yellow plaques ->more lipids,more positive 
remodeling,thin fibrous caps, more often 
associated with intraluminal thrombi.

 Glistening yellow plaques more vulanable than 
nonglistening yellow plaque .

 Can detect ruptured plaque->thrombosis prone
 Limitations : need for blood displacement (as for 

OCT), the subjectivity of the assessment, and the 
inaccessibility of small vessels





 plaque inflammation and neoangiogenesis
produce heat.

 plaque temperature correlates positively with 
cell density and macrophage content and 
inversely with plaque thickness and the 
distance between the cell clusters and the 
luminal surface

 Limitation: “blood flow cooling effect”-
>require systematic interruption of blood 
flow to achieve consistent and reproducible 
results





 Whenever identified in patients with 
atherosclerotic risk factors, these features 
have been shown to predict the occurrence of 
subsequent ACS .

 iodine-based contrast agents that selectively 
accumulate into macrophages

 Limitation: radiation exposure



 Insights into the biological characteristics of 
the tissue of interest, such as its water, lipid, 
and fibrous content

 More suited for large static arteries

 Different protocols-for plaque morphology 
and composition.



 Ultrasound contrast agents -acoustically 
active microbubbles with a diameter of 3 to 
4µm

 assessment of the amount of blood contained 
in the microvasculature within the region of 
interest- semiquantitatively assess 
neovascularization

 molecular imaging, with specific ligands, such 
as monoclonal antibodies, which are attached 
onto the shell of the microbubble.



 2 fluro 2-Deoxy  D glucose

 Accumulates in all cells that use glucose –
including macrophages

 FDG competes with glucose for facilitated 
transport sites and phosphorylation by 
hexokinase to yield FDG-6– phosphate -low 
membrane permeability -progressively 
accumulates in cells.



 Reflects inflammation ,localize with areas of 
macrophages accumulation, irrespective of 
plaque size or luminal narrowing

 correlate with circulating markers of 
inflammation such as matrix 
metalloproteinases.

 highly reproducible



 [11C]PK11195 ->selective ligand of the 
translocator protein (TSPO), highly expressed 
in activated macrophages

 18F FEDAA - selective ligand for the 
peripheral benzodiazepine receptors (also 
known as translocator protein (18kDa)) that 
are expressed by activated macrophages

 68 Ga Dotatate – macrophage activity



 Radiation

 Expense

 Experience

 Feasible in coronaries - BUT - more 
challenging, owing mainly to the intense 
tracer uptake in adjacent myocardium

 Prepare with high fat low carbohydrate diet



 NEOANIOGENESIS
◦ Gadofluorine-M or gadolinium

◦ αVβ3-integrin-targeted paramagnetic nanoparticles

 MACROPHAGES
◦ Iron oxide nanoparticle

◦ Micelles containing gadolinium and antibodies 
binding oxidation-specific epitopes

◦ VCAM-1 (endothelial cells and macrophages)



 therapies with biological plausibility and positive 
clinical evidence -Statins, ACE inhibitors, β-blockers, 
aspirin

 therapies with biological plausibility but negative 
clinical evidence -Antioxidants, folic acid, antibiotics.

 therapies with biological plausibility but conflicting or 
inconclusive clinical evidence ->ARBs, omega-3 fatty 
acids,cyclooxygenase-2 inhibitors, influenza vaccine, 
clopidogrel, metalloproteinase inhibitors

 therapies with biological plausibility but no clinical 
data available ->Peroxisome proliferator–activated 
receptor antagonists, cholesterol ester transfer 
protein inhibitors



 Beta blockers lower circumferential wall stress via 
reductions in blood pressure, heart rate, left 
ventricular mass, and catecholamine surges that 
occur with stress and exertion

 Angiotensin converting enzyme (ACE) inhibitors 
lower the blood pressure and may have plaque-
stabilizing effects by reducing the synthesis of 
angiotensin II

 statins, can stabilize vulnerable plaques or those 
that have already ruptured by improving 
endothelial function and reducing 
thrombogenicity, platelet aggregation, and 
possibly inflammation



 Stents ->
◦ Create an additional fibrous cap

◦ useful in flow limiting lesions

◦ role in nonflow limiting vulnerable plaque has to be 
evaluated ?



 Selective ablation of macrophages or other 
targeted cells.

 marked reduction in the number of 
macrophages and a small decrease in 
atheroma burden without damage to normal 
tissue.



 reduce restenosis

 Increase the density of type III collagen in 
balloon-injured porcine arteries



 DEFINITE DIAGNOSIS OF VULNERABLE 
PLAQUE.

 IMAGING SELECTION .

 TREATMENT FOR VULNERABLE PLAQUE.




