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INTRODUCTION

Atherosclerosis is a disease condition where lipid-rich 
atheroma is formed in the vessel wall. It results in arterial 
luminal narrowing, and symptomatic atherosclerosis may 
cause impaired blood flow to the subtended organs, 
resulting in angina or a transient ischemic attack of 
the brain. Additionally, more critical adverse events, 
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such as myocardial infarction or stroke can occur from a 
thromboembolism resulting from atheroma. Cardiovascular 
disease and stroke were the causes of death in 9.5% and 
9.6% of all deaths, in Korea in 2013 (1), respectively, 
and the rates were 14.9% and 5.1%, respectively, in 
the United States in 2011 (2). However, fatal events 
from atherosclerosis occur only in a certain portion of 
atherosclerosis. Although atherosclerosis is observed in 
85% of the elderly over the age of 50 years, and in 1 
of 6 in adolescents (3), it does not always cause fatal 
complications. On the other hand, in many cases of 
myocardial infarction, culprit lesions of coronary artery do 
not show significant arterial narrowing (4). Fatal myocardial 
infarctions or sudden cardiac death have been presented as 
the first manifestation of coronary artery disease without 
preceding ischemic symptoms in 62% of male and 42% of 
female patients (5). Thus, vulnerable atherosclerotic plaque, 
also called ‘active-forming’ or ‘rupture-prone’ plaque, needs 
to be discriminated from stable plaques.

Atherosclerosis has been one of the most actively 
investigated fields in medical imaging. Atherosclerosis 
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Pathogenesis and Imaging Targets

Atherosclerosis is an inflammatory disease as well as 
a lipid disorder. Lipid, the core component of a plaque, 
is deposited in the arterial wall under hyperlipidemic 
conditions. Low-density lipoprotein (LDL) is the most 
important factor in the initiation of atherosclerosis because 
it moves through the arterial endothelium by diffusion. 
LDL may exhibit spontaneous involution; however, LDL 
is prone to oxidation when it is isolated from circulating 
antioxidants (6, 7). The oxidation process converts LDL into 
minimally modified LDL, oxidized LDL, and glycated LDL. 
These converted LDLs, particularly oxidized LDL, stimulate 
endothelial cells (EC) and macrophages through CD14 
and toll-like receptor, eventually evoking inflammatory 
processes (8, 9). Accordingly, vascular ECs express several 
adhesion molecules, such as selectin (CD62) and vascular 
cell adhesion molecule (VCAM)-1 (10), which are necessary 
for circulating leukocytes to roll on or to attach to the 
endothelium (Fig. 1). Monocytes and macrophages release 
proteases including matrix metalloproteinase (MMP) and 
cathepsin for easier cell migration in the inflammatory 
tissue (11, 12). In migrated macrophages, scavenger 
receptor expression is enhanced so that macrophages 
can engulf LDL derivatives through receptor-mediated 
endocytosis, and the lipid-laden macrophages are called 
‘foam cells’. Macrophages also release proinflammatory 
cytokines such as tumor necrosis factor-α and interleukin 
(IL)-1β to amplify inflammation. Foam cells are 
characteristic cells in the initial process of atherosclerosis.

can be evaluated by using various imaging methods. 
Tissue perfusion, which can be evaluated on single photon 
emission computed tomography (SPECT), computed 
tomography (CT), and magnetic resonance imaging 
(MRI), has been deemed as a functional imaging tool for 
atherosclerosis. More direct imaging of atherosclerosis 
is available by using angiography, CT, and MRI. 
Additionally, ultrasonography also may be used to evaluate 
atherosclerosis in some specific arteries, including the 
carotid artery. However, these imaging methods are based 
on the anatomical aspects of atherosclerosis and can hardly 
identify the activity and vulnerability of an atherosclerotic 
lesion, although information on plaque composition can be 
partially identified on CT or MRI. Recently, there have been 
many advancements in molecular imaging, which visualizes 
specific molecular biomarkers or molecular processes in vivo. 
Various molecular imaging methods have been developed 
in cancer imaging to identify molecular characteristics of 
tumors. These methods can be applied to vulnerable plaque, 
which has similar imaging targets.

Molecular imaging usually utilizes specific imaging probes, 
and thus, nuclear imaging with gamma camera or positron 
emission tomography (PET) has an advantage over CT, MRI, 
and ultrasonography, in that it has flexibility in designing 
various imaging probes. There have been many studies in 
which nuclear molecular imaging was applied to vulnerable 
plaques. In this article, various molecular mechanisms and 
nuclear imaging methods for vulnerable plaque are reviewed 
and considerations regarding the technical aspects of those 
imaging methods are briefly discussed.

Fig. 1. Pathogenesis mechanism and molecular imaging targets in vulnerable plaque.
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With the progression of atherosclerosis, plaques are 
loosened by several proteases that are released by 
macrophages, so that vascular smooth muscle cells (SMC) 
migrate into the plaque. SMCs produce collagens to fill the 
extracellular matrix, and the fibrous tissue deposition is 
a characteristic feature of atherosclerosis progression. In 
this process, IL-18, interferon (IFN)-γ, and CD40L work 
as critical cytokines affecting most of the inflammation-
involved cells including ECs, macrophages, T-cells, SMCs, 
and platelets (13). In vulnerable atherosclerotic plaques, 
active and prolonged inflammation leads to hypoxia in 
the local tissue and neoangiogenesis in the plaque (14). 
Newly developed vessels in the plaque are pathways 
for leukocytes to migrate into the plaque to stimulate 
further inflammation. However, these new vessels are 
fragile and prone to hemorrhage, which results in abrupt 
plaque enlargement and the generation of thrombin (15). 
Apoptosis of inflammation-involved cells occurs in the 
vulnerable plaques and microcalcification follows as a type 
of healing process.

Plaque rupture is the key event for fatal complications 

of atherosclerosis. The rupture is caused by progressed 
inflammation in the plaque. IFN-γ released by helper 
T-cells inhibits collagen production by SMCs, while IL-1 
and CD40L promote the release of collagenase and MMP 
from macrophages (13). All these cytokines, as well as 
intraplaque hemorrhage and necrosis, lead to thinning, 
erosion, and finally, disruption of the fibrous cap, which 
causes contact between the highly thrombogenic plaque 
with blood in the arterial lumen. Afterward, thrombus 
formation is rapidly promoted and the unstable or ruptured 
thrombus may cause an embolism in distal part of the 
artery. A thrombus with a thin stalk can be a direct cause 
of fatal complications, such as acute coronary syndrome and 
cerebral infarction.

 

Imaging Methods

Most of above-mentioned pathologic processes in 
vulnerable plaques have been selected as targets in 
molecular imaging. Among them, recently reported studies 
are summarized in Table 1.

Table 1. Recently Reported Molecular Imaging Methods for Vulnerable Plaques
Target Process Imaging Target Imaging Probe Study Subjects Target Artery TRR LNR References

Endothelium P-selectin 64Cu-anti P-selectin Ab AM Aorta 1.3 5.9 (20)
68Ga-fucoidan AM Aorta 5.1 1.7–2.4 (23)

VCAM-1 99mTc-cAbVCAM1-5 AM Aorta 1.3 (21)
Inflammatory cell Glucose metabolism 18F-FDG Hu-I Carotid 1.5–2.2 1.1–1.2 (40, 41)

IL-2 receptor 99mTc-HYNIC-IL-2 Hu-T Carotid 1.1–1.6 1.2–1.4 (52)
Chemokine receptor 64Cu-DOTA-vMIP-II AM Femoral 3.4–3.7 (53)

64Cu-DOTA-DAPTA AM Femoral 2.9–4.4 (54)
Folate receptor 111In-EC0800 AM Carotid (55)

99mTc-folate Hu-T Carotid (56)
Mannose receptor 18F-fluoro-D-mannose AM/Hu-T Carotid 2.3–4.8 (57)
LOX-1 111In-liposome-LOX-1 Ab AM Aorta (58)
SST receptor 68Ga-DOTATATE Hu-I Aorta/coronary 1.4–3.7 1.2–1.5 (59-61)
TSPO 11C-PK11195 Hu-I Aorta/carotid 1.1–2.4 1.2–2.5 (64, 65)
Choline metabolism 18F/11C-choline Hu-I 1.9 (67, 68)
Phagocytosis 64Cu-nanoparticle AM Aorta (69)

Proteolysis MMP 99mTc-RP805 AM Aorta/carotid 1.3–1.7 (73, 74)
Neoangiogenesis Integrin 99mTc-NC100692 AM Carotid 6.5 (76)

68Ga-NOTA-RGD AM/Hu-I Aorta/carotid (77)
18F-flotegatide AM Aorta 1.5–4.7 2.8–5.2 (78)
18F-galactoRGD Hu-I Carotid 2.0 1.7 (79)

VEGF receptor 89Zr-bevacizumab Hu-T Carotid 2.1 (82)
Hypoxia Redox 18F-FMISO AM Aorta 2.5 (84)
Calcification Chemisorption 18F-fluoride Hu-I Coronary 1.3–1.7 1.1 (88, 89)

Ab = antibody, AM = animal model, Hu-I = human imaging, Hu-T = human tissue specimen, IL = interleukin, LDL = low-density lipoprotein, 
LNR = lesion-to-normal ratio, LOX = lectin-like oxidized LDL receptor, MMP = matrix metalloproteinase, SST = somatostatin, TRR = target-
to-reference tissue ratio, TSPO = translocator protein, VCAM = vascular cell adhesion molecule, VEGF = vascular endothelial growth factor
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Endothelial Activation and Cell Migration
The first step of atherosclerosis is the accumulation of 

LDL or its oxidized derivatives, which was adopted as a 
target for vulnerable plaque imaging in early studies (16-
19). However, the imaging methods did not appear to be 
effective enough for subsequent studies.

Endothelial activation is the beginning of inflammation. 
The expression of selectins or VCAM-1 on the activated 
endothelium has been selected as an imaging target, 
and compounds mimicking sialyl-lewis X (SLX), a natural 
leukocyte receptor for selectins, or antibodies against 
selectin or VCAM-1 were utilized for imaging probes. 
Because an antibody usually exhibits a long half-life in 
the circulation of a living body, it needs to be labeled by 
radioisotopes with long half-lives. Recently, a monoclonal 
antibody for P-selectin labeled with 64Cu (T1/2 = 12.7 hours) 
was reported to be effective for vulnerable plaque imaging 
in an animal study (20). A small antibody fragment for 
VCAM-1 (21) and peptide compounds for VCAM-1 (22) 
have relatively shorter half-lives in circulation, and have 
been labeled with 99mTc and 18F, respectively. They also 
exhibited promising results in plaque imaging. Fucoidan is 
a synthetic SLX-mimicking compound, and increased 68Ga-
fucoidan uptake in atherosclerotic plaques in a proof-of-
concept study (23). Monocyte recruitment and migration 
in atherosclerotic plaques may be imaged by the direct 
radiolabeling of cells (24).

Macrophages: FDG
The most extensively investigated imaging targets 

in vulnerable plaques are activated macrophages, and 
fluorodeoxyglucose (FDG) is the most widely used imaging 
probe in inflammation (Fig. 2). Although almost all 
inflammatory cells exhibit increased glucose metabolism, 
macrophages are the most important cells regarding FDG 
uptake. There is a close correlation between FDG uptake and 
macrophage accumulation, both in animal models (25-27) 
and human studies (28-30). FDG uptake is observed chiefly 
in the necrotic lipid core, when it is correlated with MRI (31). 
As macrophages are key players in the inflammatory process, 
FDG uptake is also correlated with systemic inflammatory 
markers, such as serum MMP-1 level (32). FDG uptake is 
also related to other risk factors for fatal atherosclerotic 
diseases; carotid intima-media thickness, serum high-
density lipoprotein, C-reactive protein (33, 34), smoking, 
hypertension, hypercholesterolemia, and age (35, 36). 

Arterial calcification detected on CT is evidence of 
inflammation, and coronary calcification is considered 
to be a risk factor for coronary events. However, it has 
been repeatedly reported that arterial calcification does 
not always accord with FDG uptake (37-39), probably 
because FDG uptake reflects the present activity whereas 
calcifications on CT are the end-products of inflammation. 
Consequently, FDG uptake is related to cardiovascular 
events or stroke (40, 41), and probably is a better predictor 
for vascular events than calcifications on CT (42). Based 
on this background, FDG PET has been used for assessing 
inflammation activity in the case of drug treatment (43, 
44). Like these studies, therapeutic efficacy monitoring is 
one promising application for vulnerable plaque imaging.

Fig. 2. Arterial fluorodeoxyglucose (FDG) uptake related to atherosclerosis. 
On positron emission tomography (PET) coronal (A), PET/CT fusion coronal (B), and transaxial (C) images of 68-year-old man, focal increased 
FDG uptake is observed in right brachiocephalic artery (arrows). Increased FDG uptake is often incidentally observed in major arteries during 
diagnostic workup for cancer. FDG uptake is sometimes very strong, whereas FDG uptake is also observed in other arteries to certain degree 
(arrowhead).
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Fluorodeoxyglucose is an excellent imaging agent 
for clinical applications because it is already approved 
in many countries and widely used in clinical practice. 
However, myocardial FDG uptake varies from patient to 
patient despite its standard preparation protocol (Fig. 
3) (45), and thus, FDG PET is considerably limited with 
respect to the evaluation of coronary arteries due to its 
variable background activity. Although some protocols 
have been suggested to reduce physiological FDG uptake 
in the myocardium, including extended fasting (46), 
heparin injection (47), and low-carbohydrate high-fat diet 
(48), other imaging methods are required for evaluating 
vulnerable plaques in coronary arteries.

Macrophages: Non-FDG Imaging
In addition to FDG, many other vulnerable plaque imaging 

methods are targeting activated macrophages. Surface 
receptors expressed on macrophages were selected as 
imaging targets in early studies. Imaging probes for the 
IL-2 receptor (49) and scavenger receptors (50, 51) were 
labeled with 99mTc and tested in plaque imaging more than 
a decade ago. 99mTc-HYNIC-IL-2 is another IL-2 receptor 
targeting probe and recently has been utilized in a human 
study for carotid plaque imaging (52). In more recent 
studies, chemokine receptors have been investigated. 
A viral macrophage inflammatory protein II that has an 
affinity for chemokine receptors was labeled with 64Cu and 
used for PET imaging in a mouse model (53). A peptide 
moiety of D-Ala1-peptide T-amide (DAPTA), which has an 
affinity for chemokine receptors, was also labeled with 
64Cu after conjugation with a comb-like nanoparticle. 64Cu-
DAPTA-comb was reported to be an effective imaging probe 
for atherosclerosis (54).

There are other surface receptors of macrophages 
that have been utilized for plaque imaging. Activated 
macrophages express folate receptor-β, for which 111In-
labeled folate was designed. 111In-labeled folate SPECT/CT 
successfully showed vulnerable plaques in a mouse model 
(55). Intriguingly, folate receptor-β was reported to be 
overexpressed on the M2-subtype of macrophages rather 
than on the M1-subtype (56). The mannose receptor is also 
expressed on activated macrophages, particularly the M2-
subtype, and its use has been attempted in plaque imaging 
with 18F-fluoro-D-mannose (57). Other surface receptors 
of macrophages, such as lectin-like oxidized LDL receptor 
(LOX)-1 (58) and somatostatin (SST) receptors (59-61) have 
been attempted for plaque imaging by using 111In-labeled 
antibody against LOX-1 or 68Ga-DOTA-(Tyr3)-octreotate 
(DOTATATE). Among them, 68Ga-DOTATATE can readily be used 
for human studies because it has long been used for human 
imaging for SST receptor-expressing neuroendocrine tumors.

Translocator protein (TSPO), formerly called the peripheral 
benzodiazepine receptor, is a membrane protein abundantly 
found on the outer mitochondria membrane as well as the 
surface of activated macrophage and mast cells. There 
are several compounds that have affinity for TSPO, such 
as PBR28 and PK11195. 3H or 11C labeled PK11195 has 
exhibited a high binding affinity for the atherosclerotic 
plaque (62, 63). 11C-PK11195 has already been used 
in human studies (64, 65), which have also exhibited 
the feasibility of 11C-PK11195 PET for vulnerable plaque 
imaging. However, TSPO has a limitation because normal 
myocardium expresses TSPO and coronary imaging is 
difficult due to a high level of background activity (Fig. 4). 

Choline is used for cell membrane synthesis and choline 
metabolism is enhanced in activated macrophages. Thus, 

Fig. 3. Variable physiological fluorodeoxyglucose (FDG) uptake in heart. 
FDG uptake is not suppressed despite standard 6-hour fasting (A), whereas uptake is completely suppressed by same preparation protocol (B).

BA
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radiolabeled choline is taken up highly in atherosclerotic 
lesions (66). 11C-choline and 18F-choline is available for 
human application and PET imaging is often performed 
in prostate cancer patients. Thus, plaque imaging studies 
using these agents have been conducted in humans and the 
high uptake by the plaque has been reported (67, 68). Non-
specific 64Cu-nanoparticle also exhibits a high uptake in a 
plaque lesion, because of its enhanced permeability and 
retention effect in the inflammation area and phagocytosis 
by macrophages (69).

Other Inflammation-Related Processes
Proteolysis is mediated by several proteases that are 

released by macrophages. It is a requisite process to 
loosen extracellular space so that inflammatory cells 
and smooth muscle cells migrate through the space. In 
inflammatory proteolysis, MMP and cathepsin are most 
important proteases, and radiolabeled imaging tracers for 
MMP have been developed. In early studies, MMP inhibitors 
labeled with 123I or 99mTc were used for scintigraphic scan 
and SPECT, and showed increased uptake in the injured or 
atherosclerotic arteries (70, 71). For PET imaging, an MMP 
inhibitor labeled with 18F was also developed and tested in 
a mouse model (72). More recently, 99mTc-RP805 that has 
a specific affinity for active MMP has been attempted for 
vulnerable plaque imaging in animal models (73, 74).

Neoangiogenesis in plaques is another hallmark of 
vulnerable plaque. Neoangiogenesis-targeted imaging 
methods comprise two main groups; one group targeting 
integrin αvβ3 and the other targeting vascular endothelial 
growth factor (VEGF) receptors. Integrin is a group of 
cellular transmembrane proteins that has two main 

functions; intercellular attachment and intracellular signal 
transduction. Integrin is composed of two subunits α and 
β, which make many subtypes of integrin. As an example, 
β2 chain is a main component of integrin subtypes on 
circulating monocytes and lymphocytes, which binds to 
VCAM-1 or intercellular adhesion molecule-1 on the surface 
of vascular endothelium in an inflammation site. 

Integrin αvβ3, a receptor for fibronectin and vitronectin, 
is expressed on activated endothelium and turn on 
angiogenic program by cross-talking with various growth 
factor receptors (75). Intriguingly, a tri-peptide moiety of 
Arg-Gly-Asp (RGD) has a high affinity for integrin αvβ3 and 
has been utilized for angiogenesis imaging. 99mTc-NC100692, 
one of radiolabeled RGD compounds, exhibited high uptake 
in the atherosclerotic carotid artery in an animal model (76). 
For PET, 68Ga-NOTA-RGD has been tested in vulnerable plaque 
imaging (77). 18F is the most widely used radioisotope for 
PET imaging and 18F-flotegatide and 18F-galactoRGD have 
also been tested for plaque imaging (78-80). Because RGD 
is a simple and safe functional moiety, 68Ga-NOTA-RGD and 
18F-galactoRGD can be readily applied to human studies (77, 
79, 81). However, it should be noted that integrin αvβ3 is 
expressed on macrophages as well as activated endothelium, 
and thus, this imaging visualizes both neoangiogenesis 
and macrophage accumulation in vulnerable plaques. VEGF 
receptor that is expressed on activated endothelium is 
another target for neoangiogenesis imaging. Recently, an 
antibody against VEGF receptor was labeled with 89Zr and 
tested in carotid plaque PET imaging (82).

Hypoxia in the plaque results from increase in plaque 
size and inflammation-related metabolic activation in 
plaques. Thus, hypoxia is another hallmark in vulnerable 

Fig. 4. Translocator protein (TSPO)-targeted imaging in rat model. 
On transaxial (A) and coronal (B) images of 11C-PBR28 fusion positron emission tomography/CT, increased uptake is observed in whole 
myocardium. Although TSPO is promising imaging target for inflammation and vulnerable plaque, its role in coronary artery is thought to be 
limited because of its normal uptake in myocardium.
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plaques. 18F-fluoromisonidazole (FMISO) is a derivative of 
nitroimidazole and widely used for hypoxia imaging. In 
hypoxic conditions, nitroimidazole is reduced and R-NO2 
is converted into R-NH2, resulting in cellular retention 
(83). Most 18F-FMISO imaging has been used to investigate 
tumors; however, it was also reported that vulnerable 
plaques can be visualized using 18F-FMISO PET in an animal 
model (84). Apoptosis in the plaque occurs in macrophages 
or other cells as a result of active inflammation. Apoptosis 
can be visualized by radiolabeled annexin V, which binds 
to phosphatidylserine on the apoptotic cells’ surfaces. In 
early studies, 99mTc-annexin V exhibited high uptake in 
atherosclerotic plaques (85-87).

Calcification is a final process in inflammation. Although 
calcified plaques can be easily visualized on CT, current 
calcifying activity in the plaque is not reflected on CT. 
The calcifying activity can be imaged by using a 99mTc-
phosphonate scan or 18F-fluoride PET. Notably, these 
imaging methods have long been used in clinical practice 
to assess bone metabolism or bone lesions. Thus, nearly 
all 18F-fluoride PET studies in vascular disorders have been 
conducted in humans (88-93), not in animal models. 
18F-fluoride uptake in a plaque is not always related to 
calcification on CT (Fig. 5). Additionally, 18F-fluoride PET 
exhibits significantly higher uptake in symptomatic or 
ruptured plaques than in stable plaques, and is related to 
other pathologic markers for vulnerable plaques, such as 
necrotic cores (89). 

 

Considerations Regarding Imaging Technology

Quantifying ability is one of the important advantages 
of nuclear imaging, and the standardized uptake value 

(SUV) is most widely utilized as a quantitative index in PET 
imaging for cancers. In FDG PET for plaque imaging, SUV 
measurements exhibited high reproducibility when FDG PET 
was repeated with certain time intervals (94-96). However, 
there is no consensus for the selection of an appropriate 
quantitative index for atherosclerosis, in contrast to 
cancers where the maximal SUV is commonly utilized as 
an index reflecting the most malignant components of a 
lesion. Among reported FDG PET studies on plaque imaging, 
some adopted the maximal SUV (32, 38, 39, 41, 42), 
whereas others adopted the mean SUV as a quantitative 
index (33, 36, 40, 94). Based on these values, additional 
semi-quantitative indices were calculated, such as the 
target-to-reference tissue ratio (TRR; also called target-
to-background ratio, TBR) or the lesion-to-normal ratio 
(LNR) (Table 1). Usually, a vein, muscle, and the lungs are 
selected as reference organs, and a non-atherosclerotic or 
asymptomatic artery is selected as normal tissue. In plaque 
imaging, the maximal SUV (or TRR, TBR, or LNR) may reflect 
the most active and vulnerable component of a lesion, 
whereas the mean SUV of all plaque lesions may reflect the 
overall atherosclerotic activity of a patient. The quantitative 
index needs to be optimized based on the purpose of each 
study, and further studies are needed to determine the most 
effective quantitative index.

In spite of some promising results, there are still 
considerable limitations in nuclear molecular imaging 
methods for the evaluation of vulnerable plaques. First of 
all, the accumulation of an imaging probe and signal are 
not enough in a target lesion because most target arteries 
are small and easily affected by the partial volume effect. 
Thus, the LNR is less than 2.0 in human imaging studies, 
whereas it is up to 6.0–7.0 in small animal or human 

Fig. 5. 18F-fluoride positron emission tomography (PET) in atherosclerosis. 
In patient with unstable angina, increased 18F-fluoride uptake is observed in left main and left anterior descending artery on PET (A), PET/CT 
fusion (B), and CT (C) images (arrow). Uptake is well-matched with dense calcification on CT. However, 18F-fluoride uptake is also increased in 
aortic wall (arrowhead), despite lack of definite calcification on CT.
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tissue studies (Table 1). Motion artifacts from respiration 
or pulsation may also affect image quality. In particular, 
coronary arteries are more prone to motion artifacts caused 
by cardiac contractions, while they are one of the most 
important targets in vulnerable plaque imaging. Respiratory 
and electrocardiography-gated image acquisition can be 
a solution for these motion artifacts. However, gated 
acquisition results in a low signal, and consequently, poor 
image quality. Highly sensitive nuclear imaging instruments 
are currently under active development, and image quality 
is expected to improve in the near future, even in small 
lesions, such as atherosclerotic plaques.

 

CONCLUSION

Vulnerable plaque is the direct cause of fatal 
atherosclerotic diseases. While current morphological 
imaging methods have limitations in diagnosing vulnerable 
plaque, molecular imaging methods can be alternative 
diagnostic tools. Currently, there are many molecular 
imaging probes for SPECT or PET, targeting diverse aspects 
of vulnerable plaque, such as inflammatory cells, endothelial 
activation, proteolysis, neoangiogenesis, hypoxia, 
apoptosis, and calcification. Although these imaging 
methods have several technical limitations at present, it 
is expected that they can be used both in research and 
clinical fields as advancements in imaging technology are 
made.
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