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Abstract 

Atheromatous plaques represent the most common cause of acute coronary syndrome (ACS) and 

sudden death. Despite significant advances in methods of managing atherosclerotic coronary 

plaque, it remains the leading cause of non-communicable disease-causing death in developed 

countries. Accurate awareness of plaque formation and pathogenesis is essential for correct 

interpretation of diagnostic imaging. This can be reflected in drawing appropriate management 

lines to save patients with ACD or reduce mortality or morbidity.  In this review, we have 

attempted to clarify the formation and pathogenesis of plaques as well as the available 

visualization methods regarding their use and limitations. 
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Abbreviations 

ACS: Acute coronary syndrome; AMI: Acute myocardial infarction; CAG: Coronary 

angiography; CTCA: Computed to mographic coronary angiography; EPP: Erosion-prone 

plaques; FLIM: Fluorescence lifetime imaging microscopy; IVPA: Intravascular photo acoustic 

imaging; IVUS: Intravascular ultrasound; LAD: Left anterior descending; LCX: Left circumflex 

artery; LDL: low-density lipoprotein; LDL-c: low-density lipoprotein cholesterol; MRI: 

Magnetic resonance imaging; NIRF: Near-infrared fluorescence imaging; NIRS: Near-infrared 

spectroscopy; OCT: Optical coherence tomography; PET: Positive emission tomography; RPAP: 

Ruptured-prone a theromatous plaque; SMCs: smooth muscle cells; STEMI: ST-elevation 

myocardial infarction; TCFA: Thin-cap fibroatheroma. 

 

Introduction 

The catastrophic events of acute myocardial infarction (AMI), stroke, and death may account for 

up to 20% of patients with chronic stable angina. This necessitates the appropriate identification 

of risks and the application of aggressive therapy in order to reduce such events. One of most 

important factors for understanding risks of patients with ACS is a theromatous plaque with 

respect to its composition, pathogenesis, and vulnerability (1).The myocardium has an extensive 

arterial blood supply represented by the "right and left" main coronary arteries and their 

branches. The two main branches of the left coronary artery are the left circumflex artery (LCX) 
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and left anterior descending (LAD) or also called anterior interventricular artery. The terminal 

branches of these arteries are an astomosed, but unfortunately this is not enough to compensate 

for blood flow if one of them becomes clogged(2). Therefore, any blockage in one of these 

arteries due to a theromatous plaque could lead to ischemic heart disease. Furthermore, a thermo 

atousplaquerupture represents the commonest cause for ACS and sudden death. Despite the great 

advance in methods of management of atherosclerotic coronary plaque, it remains the main 

noninfectious disease-causing death in developed countries(3).Therefore, an understanding of the 

pathophysiology of atherosclerotic plaque is essential for interpretation and selection of 

appropriate diagnostic imaging in order to help manage it properly and limit its potentially 

devastating effects. We aimed to shed light on the pathogenesis of a theromatous plaque and to 

clarify the imaging technologies used. 

 

Atheromatous plaquecomposition 

Atherosclerosis is a slowly progressive inflammatory disease caused by a lipoprotein that leads 

to the formation of atherosclerotic plaques within the arterial tree. It is silent in progress. 

However, the formed atheromatous plaques may rupture leading to thrombosis and possible 

ACS(Figure 1)(4). Atherosclerosis mainly occurs at the branching sites of the blood vessel where 

low and oscillating shear stress mostly affects the endothelium(5).  

Most episodes of ACS are complications of coronary artery thrombosis caused by disorder of a 

large, fat-rich atheromatous plaque. Such atheromatous plaque is formed of a large core of 

necrotic tissues infiltrated with macrophages and covered with a thin fibrous cap(1). The 

thickness of the cap is ≤65µm and infiltrated by T lymphocytes and macrophages as well. 

Hemorrhage occurring inside the core and its enlargement together with the thin fibrous cap 

contribute to plaque rupture and subsequent consequences(3). Such hemorrhage can occur as a 

result of the rupture of new fragile vessels invading the lining intima. Other factors may add to 

destabilization of the atheromatous plaques including hemodynamic, biomechanical and physical 

elements(6).   

 

 
Figure(1): Diagram showing a large, lipid-rich atheromatous plaque (A)with rupture (R) 

and thrombosis (T) into coronary artery lumen (L). 

 

On the other hand, fibrous lesions do not rupture with no subsequent thrombus formation as 

occurs in thrombotic lesions that may lead to ACS. However, fibrous lesions can lead to 

coronary artery stenosis leading to ischemic manifestations such as angina pectoris. Therefore, it 

is important to differentiate between the two types; fibrotic and thin-capped fibro a theromatic 
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lesions. Testing including angiography, and more invasive techniques such as fractional flow 

reserve (FFR) cannot differentiate between the two types. However, intracoronary imaging can 

show the composition of the plaques that distinguish their types. Moreover, intracoronary 

imaging perhaps gives a novel method to improve risk stratification over coronary angiography 

and/or FFR(1). 

Thrombus-prone lesions in case of a theromatous plaques include plaque rupture, erosion or 

calcifying nodule. The mechanism underlying sudden death varies by type of lesions. It is mostly 

caused by plaque rupture (73%), followed by erosion of the plaque (30-35%) and rarely by 

calcified nodules (2-7%)(7,8). The plaque erosion occurs more in females than in males(7).A 

thrombus develops from a ruptured plaque when the necrotic area is large (more than 30% of the 

plaque area) and is covered by a thin necrotic fibrous cap less than 65 microns thick. On the 

other hand, erosions causing coronary thrombi are characterized by a thrombus superimposed on 

a matrix rich in proteoglycans with many smooth muscle cells as well as very few inflammatory 

cells. With regard the calcified nodules, the resulting thrombus most often does not clog the 

vessel. These nodules are characterized by presence of calcified plates that extend into the lumen 

and disturb the overlying collagens and endothelium(3,9,10). 

 

Pathogenesis 

A theromatous plaques tend to appear early in life and progress with age. The course of the 

disease may reach more than 50 years, starting in the teenage years(11).However, this progression 

is not fully predicted and varies from one person to another. The plaquemight take a long time 

after its development to appear and be manifested through the first complaint. This often occurs 

in the later stages of atherosclerosis(12). 

Lipid deposition in the vessel intima is the main key in development of atherosclerotic lesions(13). 

Lesion affects at first the intima of the arteries then spread to the media and adventitia(11). 

Accumulation of lipids in the arterial intima results in formation of local inflammation, 

formation of foam cells and migration, infiltration and proliferation of several cell types 

including lymphocytes, neutrophils, macrophages, smooth muscle cells (SMCs) and dendritic 

cells that play an important role in its progression(4).The mechanism of such progression includes 

apoptosis of SMCs, matrix formation, angiogenesis, remodeling of the artery, disruption of 

fibrous cap and formation of thrombosis that might be followed by necrosis and calcification(8). 

Reduction of the lipid content with decreased plaque size and increased thickness of fibrous cap 

induced by resolution of inflammationcould lead to more stable atheromatous plaque and hence 

reduction of adverse coronary events.This might be achieved through intensivestatins (3-

hydroxy-3-methylglutaryl coenzyme A reductase inhibitors) therapy(11,14). In addition to drugs, 

modification of diet as well as muscular exercises could produce pathological and clinical 

changes(11).The highest risk lesions showing marked reduction after therapy are that of lipid core 

burden index >500and plaque burden >70%. However, if the plaque is fibrous at baseline, the 

therapy doesn’t change its lipid core burden(1,15). Therefore, in non-obstructive plaques, it is 

important to define the risk stratification by determining the composition of plaque. This might 

improve the management.  

 

Process of pathogenesis  

The basic process of pathogenesis of atheromatous plaque includes the following steps (Figure 

2):  
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1- Endothelial injury or dysfunction 

It is the main triggering factor in initiating atheromatous lesions. There are two main elements 

acting together in initiating vascular endothelial dysfunction in humans. The first is 

hemodynamic stress caused by hypertension. The second element is chronic dyslipidemias. The 

role of hemodynamic stress is manifested by the sites of formation of atheromatous plaques at 

the branching points of blood vessels which are areas subjected to greatest shear stress. On the 

other hand, chronic dyslipidemia might predispose to endothelial dysfunction through increasing 

its permeability. Hypercholesterolemia with elevated serum levels of low-density lipoprotein 

(LDL) promotes macrophages to obtain low-density lipoprotein cholesterol (LDL-c) forming 

foam cells (Figure3)(16,17). 

Currently, it has been added that COVID-19 virus “SARS-CoV-2” is a new predisposing factor 

exacerbating endothelial dysfunction(18,19).The coagulation cascade can be caused by the 

persistent inflammatory state caused by COVID-19 infection primarily through increased 

circulating cytokines(18,20). Furthermore, the complement system, a hallmark of severe COVID-

19 clinical manifestations, along with plasma levels, showed an elevated local sedimentation 

associated with thickening of the intima. Deposition of C5b-9 “also called terminal complement 

complex (TCC)” on endothelial cells enhances the secretion of clotting factors, which leads to 

the production of inflammatory cytokines(19,21).These inflammatory cytokines play a central role 

in the development of atherosclerotic plaques. Therefore, it is essential to control inflammation 

in addition to proper management of other diseases such as such as hypertension, hyperlipidemia 

and diabetes mellites(22).  

 

2- Intimal smooth muscle cells (SMCs) proliferation 

Endothelial injury promotes platelets’ contact with exposed subendothelial tissues. The 

aggregated platelets induce inflammatory reactions with inflammatory cells’ infiltration and 

proliferation of SMCs. The proliferation and migration of these SMCs from their location in 

media to reach intima is also promoted by invading monocyte-macrophages(16,17). 
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Figure(2): Diagram showing steps of process of pathogenesis 

 

 
Figure(3): Diagram showing mechanism of formation of foam cell. 
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3- Early development of fatty streaks 

This represents the precursor or the early sign of development of atherosclerotic lesions. The 

process starts in the childhood and early adolescence. The LDL-c leaves the blood and 

accumulates within the blood vessel intima. Then, itis modified under the effect of enzymes and 

oxidation into proinflammatory molecules that provoke inflammatory process in intima.The 

disrupted endothelium leads to adhesions of platelets and invasion of the intima by inflammatory 

cells. Also, macrophages acquire LDL-c so that they form foam cellswitha foamy appearance. 

The degree of lipid within foam cells is an indicatorof the stage of atherosclerosis. However, the 

mere presence of isolated foam cells or isolated extracellular lipids does not represent 

atherosclerosis. Fatty streaks’ components include foam cells, macrophages, SMCs and possibly 

aggregated platelets(11,23). 

 

4. Early fibroatheroma 

It represents the accumulation of formed and migrated cells at the site of endothelial injury 

including foam cells, SMCs and inflammatory cells as well as the natural cells of artery. SMCs 

secrete extracellular proteoglycans that hasten lipid-binding capacity. This promotes cell death of 

macrophages that control the plaque development with further formation of necrotic debris with 

the subsequent of development of more inflammation. The enlarging lipid-rich core dominates 

the affected part of intima and forms about 30-50% of arterial wall thickness. Thereafter, a 

fibrous tissue collects to form a fibrous cap covering the necrotic lipid-rich core. This forms the 

fibrous plaque that becomes the dominant lesion(11). The process begins as early as the 

adolescence and continues throughout life(24).  

 

5- Advancing atheroma and rupture 

Advancing atheroma with thin fibrous cap develops at about 55 years of age or later. Such thin 

cap is prone to rupture and thrombi formation. The thinning of fibrous cap occurs as a result of 

increased proteolytic enzymes that dissolve the thick cap. The lesion is then called vulnerable 

plaque due to its substitutability to rupture with subsequent life-threatening thrombi and 

myocardial strokes.The rupture of plaques is commonly focal and is often confined to the 

proximal one third of major coronary arteries(25). 

The plaque could extend into the underlying media and adventitia of coronary artery distorting it. 

Any further enlargement of the plaque can by itself narrow or even block the blood vessel lumen 

and thus impede or block blood flow. The diseased intima could also be invaded bygrowth of 

new small blood vessels extending to it from media, a process called angiogenesis. These new 

vessels called new vasa vasorum are fragile and rupture resulting in intramural hemorrhage 

which may lead to increased fibrosis in the arterial wall with increased weakness(11). 

 

6- Complex lesion development 

Many ruptured atheromatous plaques may pass silent due to development of fibrous tissues that 

may heal the site of rupture (Figure. 4). However, the healed plaque might rupture again with 

formation of thrombus. This cycle of rupture, thrombosis, and healing could occur in one 

location in an individual for up to 4 times; it ismost commonly detected in those who experience 

sudden death. The cycle is manifested in the arterial wall as multiple healed layers of 
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tissues.Calcific deposition occurs in part of the vessel wall throughout the previous cycle. The 

plaques may rupture or erode with clot formation, or form calcified plaques that extend into the 

lumen. The size of atheroma can also be increased somewhat to restrict blood flow(11,26). The risk 

factors, including sedentary life, hypertension, hyperlipidemia, diabetes and smoking, can play a 

pivotal role in the development of these serious consequences(27). 

 
Figure(4): Diagrams showing development and healing of atheromatous plaque 

 

High-risk plaque morphology 

Ruptured-prone atheromatous plaque (RPAP) 

RPAP is characterized by thin-cap fibroatheroma (TCFA) morphology that posses some features 

including thin overlying fibrous cap of less than 65 µm and infiltration with inflammatory cells 

and macrophages(7). While inflammation has a role in progression of plaque through promoting 

calcification as a healing process, the macrophages play the pivotal role in development of 

plaque vulnerability. This is evidenced through the role of macrophages in lipoprotein uptake 

and metabolism, secretion of growth factors and production of toxic metabolites and enzymes 

that aid in weakness and rupture of fibrous cap(28). The role of calcification can be either 

progression or regression of the pathogenesis of the plaque. Progression might occur through 

formation of spotty pattern of microcalcifications about 1-3 mm in diameter. The impact of 

microcalcifications in destabilization of plaque is carried out by the mechanical stress generated 

within the atheroma at local sites of the vessel(29). Co-localization of microcalcifications with 

macrophages in atheromatous plaque is an important indicator of plaque vulnerability, along 

with other features such as increased thickness of blood vessel media(30). On the other hand, 

regression could occur through macrocalcification process which promotes plaque stability and 

thus limits the inflammation(29).  

Preceding factors for plaque rupture encompass the followings: 

- Increased thinning and weakness of overlying fibrous cap can lead to its rupture(8).  

- Presence of cholesterol microcrystals within TCFA might promote inflammation(31). 

- Other features that might be involved in plaque rupture process includelarge plaque size, 

neovascularization, intraplaque hemorrhage and adventitial inflammation(8).  

Rupture of plaques expose its deep necrotic tissue to the vessel lumen with the possibility of clot 

formation. 

 

Erosion-prone plaques (EPP) 

EPP differs from RPAP in that it is more or less heterogenous in morphology where it lacks the 

distinctive features. There may also be minor calcifications in eroded plaques compared to 

plaque rupture. The media in the deficient part of endothelium is intact and thickened indicating 

that vasospasm may be involved in causing pathogenesis of plaque erosion.  In EPP type, there is 

immediate contact between the vessel lumen and underlying fibroatheroma in an area with 
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deficient endothelium; therefore, it is sometimes called acute thrombus. Furthermore, there is 

little or no inflammation with matrix enrichment with proteoglycans and SMCs(32).   

 

Imaging technologies for detection of a theromatous plaques 

Imaging techniques could detect RPAP; however, challenges remain with regard to detecting 

EPP and distinguishing it from stable plaques through imaging(4). The imaging could be 

categorized into invasive and non-invasive methods.    

I- Invasive imaging 

1- Coronary angiography (CAG) 

CAG is the first choice for diagnosing ACD and investigation of the vessels’ lumen(33). 

Furthermore, it remains the gold standard for diagnosis of coronary a theromatous plaque and 

obstructive lesions. CAG depicts the general branching of the coronary arteries, their stenosis, 

occlusion and their an astomosis, if any (Figure5). It has an auxiliary role in the early detection 

of vulnerable plaques. However, it is limited in characterizing the morphology of plaque and 

blood vessel wall and lumen that are factors playing an important role in pathogenesis of 

vulnerability. Despite these limitations, it still plays an important role in determining status of 

coronary artery movements, stenosis, and plaque rupture as well as possible thrombosis and 

calcification. The initial CAG enables us to explore the relationship between culprit lesion and 

the severity of underlying coronary stenosis(34). 

 

 
 

Figure(5): Photograph of CAG showing left anterior descending (LAD) and left circumflex 

(LCX) coronary arteries and their branching. 

 

 

2- Intravascular ultrasound (IVUS) 

IVUS is an in-vivo catheter-based imaging method for assessing the vessel wall dimensions as 

well as phenotypic characters, distribution and severity of atherosclerotic plaques. It also helps 

classify the plaques; soft, fibrous, calcified or mixed plaque(35).Further advances in this technique 

have been developed by adding radiofrequency (RF) analysis to IVUS. The IVUS- RF, also 
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called virtual histology of IVUS (VH- IVUS), has improved the visualization of the mechanical 

characters and structure of vulnerable plaque(36). However, concerns have been raised about the 

IVUS accuracy and its being independent diagnostic modality for predicting acute coronary 

disease (ACD). It is unable to elucidate the entire coronary tree assessing only up to 53% of 

lesions(37). 

 

3- Near-infrared spectroscopy (NIRS) 

NIRS is another in vivo catheter-based modality. It scans the vessel wall in both longitudinal and 

circumferential views; therefore, it could investigate the lipid core components of plaques 

distinguishing cholesterol from collagen(38).Moreover, it might enable prediction of the long-term 

outcome of cases of non-culprit coronary lesions(39). However, this method has many limitations 

including failure to support the complete evaluation of plaque and its burden as well as its 

inability to visualize the blood vessel lumen(4). 

 

4- Optical coherence tomography (OCT) 

OCT is also an invasive intravascular modality. It has the advantage of providing evaluation of 

atherosclerosis microstructure. Therefore, more information about plaque formation can be 

obtained through the use of OCT. This allows us to identify not only the ruptured plaque but also 

the vulnerable plaques and provides more reliable information about cap disruption, subsequent 

erosion and intracoronary thrombus(40). Furthermore, OCT can also enable us to visualize 

spontaneous coronary artery dissection which is challenging to diagnose using coronary 

angiography. This is because angiography detects the lumen of the vessel, not the wall. Acute 

artery dissection that means tear of the vessel intima or medial hemorrhage may mimic a 

theromatous plaque and thrombus formation in the pathogenesis of ACD(33). 

The evaluation of vulnerable plaque could be achieved by OCT through quantification of its 

content of macrophages that represents the main feature of inflammation detected in vulnerable 

lesions(41). Among the advantages of OCT is the higher resolution of 10-20 µm versus 150-200 

µm in case of IVUS(42). However, OCT also has some limitations which include low penetration 

depth of about 2-3 mm impeding determination of plaque burden as well as attenuation of its 

optical beam by blood within the artery. Therefore, a 2nd generation of OCT such as Fourier-

domain OCT has been developed to allow visualization of a long segment of coronary artery(43). 

Despite the apparent importance of these new modalities, studies investigating their efficacy in 

predicting plaque progression are often missed(4).   

 

5- Near-infrared fluorescence imaging (NIRF) 

NIRF is proposed to improve the visualization of atheromatous plaques at cellular and molecular 

levels. It could be useful for detecting the inflammatory process activity in a theroma by 

evaluating cysteine protease activity as well as identifying stent-induced coronary artery 

injury(44). Its limitations include the weakening of light caused by the presence of intravascular 

blood; there is a need for a vessel surface free of blood(4). 

 

6- Intravascular photoacoustic imaging (IVPA) 

IVPA provides chemical analysis of the plaque composition especially lipid components 

including cholesterol and cholesterol esters so this method can be called analytical chemistry 
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imaging(45). Its limitations are like that in the case of NIRF. It also fails to fully determine the 

lipid content in case of plaque with large lipid core(4).  

 

7- Fluorescence lifetime imaging microscopy (FLIM) 

FLIM is a promising optical modality for biochemical characterization of the atheromatous 

plaques. However, it doesn’t visualize the morphological characters of plaque needed to interpret 

the biochemical structure(46). Unlike the previous two modalities, its efficacy is not affected by 

presence of blood(4).  

 

8- Multimodality imaging 

Multimodality imaging is an alternative method to overcome the limitations of the single 

modality. This depends on the objective of investigation. For example, combined IVUS-NIRS is 

used to demonstrate in-vivo histopathological characters of plaque. NIRS can detect lipid even in 

presence of calcification whichmay mask visualization by IVUS alone. This combination might 

be able to distinguish ST-elevation myocardial infarction (STEMI) culprit from non-culprit 

lesions(47). Table (1) shows examples of combinations of intravascular imaging modalities and 

their performance in diagnosis of venerable plaques(4). 

 

Table (1): Performance of multimodality imaging in venerable plaques’ characterization. 

Combin

ed 

modality 

Vessel 

lumen 

dimensio

ns 

Positive 

vessel 

remodeli

ng  

Plaqu

e 

burde

n 

Plaque 

fibrous 

cap 

thickne

ss 

Plaque 

neo-

angiogene

sis 

Plaque 

inflammati

on 

Plaq

ue 

lipid 

pool 

Tot

al 

scor

e 

(21) 

IVUS-

OCT 

3 3 3 3 2 1 2 17 

IVUS-

NIRS 

3 3 3 2 0 0 3 14 

OCT-

NIRS 

3 1 1 3 2 1 3 14 

IVUS-

NIRF 

3 3 3 1 0 3 1 14 

OCT-

NIRF 

3 1 1 3 2 3 2 15 

IVUS-

IVPA 

3 3 3 1 1 2 2 15 

IVUS-

FLIM 

3 3 3 3 1 2 2 17 
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3: High performance;2: Moderate performance;1: Modest performance;0: No performance (no 

information)  

 

II- Non-invasive imaging 

1- Positive emission tomography (PET) 

PET isa non-invasive imaging based on intravenous injection of a radio-labelled molecular tracer 

such as 18F-fluorodeoxyglucose (18F-FDG) to detect cellular activity and biological processes 

related to atherosclerosis such as vasculitis, neo-angiogenesis, hypoxia and microcalcification. 

The 18F-FDG detects plaque density of macrophages and thus reflects the extent of inflammation 

through its direct deposition into the vessel wall parallel to degree of the cellular glycolysis(48). 

Advantages of PET include its high sensitivity and excellent quantitative efficacy. However, it 

also has limitations including that PET resolution of 6 mmlimits its use to small vessels such as 

coronary arteries. Furthermore, PET signal degradation caused by respiratory and cardiac 

motions during imaging, makes assessment of mid- and distal coronary tree to be difficult(49). 

 

2- Computed tomographic coronary angiography (CTCA) 

CTCA is a non-invasive alternative method that allows assessment of the dimensions of both the 

lumen and the outer wall of the blood vessels. Furthermore, it detects high-risk plaque burden as 

well as morphology and remodeling. However, it has limitationsdistinguishing between lipid 

components and fibrotic tissue(50). Moreover, exposure to radiation and use of an iodinated 

contrast agent are major disadvantages of CTCA(51).  

 

3- Magnetic resonance imaging (MRI) 

The MRI gives a good information about the artery morphology such as its wall thickness and 

volume. Moreover, it identifies the plaque constituents that indicate plaque instability. It can also 

detect arterial remodeling in cases of subclinical atherosclerosis in asymptomatic patients(52,53). 

The main advantages of MRI include lack of radiation exposure, high evaluation quality of soft 

tissues and absence of blooming artefacts noticed in calcified plaques(54). The disadvantages 

include a relatively long MRI scan time burdensome cross-sectional image and its limitation to a 

single plaque or blood vessel segment. Table (2) summarizes the advantages and disadvantages 

of non-invasive imaging techniques(4).  

 

Table (2): Summary of non-invasive modalities 

Imaging  Advantages Disadvantages 

PET 1- High sensitivity 

2- High reproducibility over short-term 

3- Identification and evaluation of plaque 

inflammation  

4- Detection of atherosclerosis course and major 

acute coronary events’ risk.  

5- Monitoring effectiveness of therapeutics.   

1- Expensive. 

2- Not available for wide use. 

3- Limitations for imaging of 

coronary arteries. 

4- Requiring radiotracer.  

CTCA 1- High specificity 

2- High predictive value 

1- Low sensitivity 

2- Low spatial resolution causing 

difficulty in differentiation lipid 
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and fibrous components.  

3- Radiation exposure. 

4- Use of iodinated contrast agent. 

MRI 1- Providing details about vessel wall and plaque 

morphology and composition. 

2- No ionizing radiation (safe). 

3- Suitable for molecular imaging and serial 

studies.   

1- Consuming long time. 

2- Not suitable in case of patients 

with metal devices.  

.  

4- Nanotechnology and molecular imaging 

Molecular imaging is designed through development of molecular probe for visualization of in-

vivo cellular functions and measurement of molecular processes. Nanoparticles ranging from one 

to 100 nm are typically used in such molecular imaging. Nanoparticles include several types 

such as gold, iron oxide, dendrimers and biodegradable polymers. In this context, they represent 

a broad platform aimed at molecular imaging of different molecules of atherosclerotic plaques. 

Therefore, molecular imaging provides visualization of venerable plaquesat both the cellular and 

molecular levels(55). Like all other modalities, there are also some limitations and drawbacks to 

the use of molecular imaging. They includenanotoxicity and nanoparticles surface 

opsonization.Nanoparticles might interact with elements of immune system including 

macrophages and cause undesirable side effects such as immunosuppression or 

immunostimulation(56,57).  

 

Conclusions 

Atherosclerosis is a slowly progressive inflammatory disease caused by a lipoprotein that leads 

to the formation of atherosclerotic plaques within the arterial tree. It mainly occurs at the 

branching sites of the blood vessel where low and oscillating shear stress mostly affects the 

endothelium. Coronary atheromatous plaque is formed of a large core of necrotic tissues 

infiltrated with macrophages and covered with a thin fibrous cap. Hemorrhage occurring inside 

the core and its enlargement together with the thin fibrous cap contribute to plaque rupture and 

subsequent consequences. Accumulation of lipids in the arterial intima results in formation of 

local inflammation, formation of foam cells and migration, infiltration and proliferation of 

several cell types including lymphocytes, neutrophils, macrophages, SMCs and dendritic cells 

that play an important role in its progression. Imaging techniques could detect RPAP; however, 

challenges remain with regard to detecting EPP and distinguishing it from stable plaques through 

imaging. The imaging could be categorized into invasive and non-invasive methods. Invasive 

methods include CAG, IVUS, NIRS, OCT, NIRF, IVPA and FLIM; while, PET, CTCA and 

MRI. All modalities have some limitations and drawbacks. None of them could detect all 

characters of atheroma. Therefore, some authors reverted to use of multimodalities. However, 

CAG remains the gold standard method for diagnosis of coronary atheromatous plaque 

particularly in acute phases of ischemic diseases.  
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