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Abstract: Indications for intervention in hemodynamically relevant carotid artery stenosis (carotid
endarterectomy or stenting) are primarily based on a degree of stenosis and symptomatology. To date
the plaque vulnerability is rarely taken into account in clinical decision making although development of
molecular imaging allows a better understanding of plaque biology and provides new techniques detecting
potentially vulnerable plaque at risk. A significant number of reports describing the mechanisms of
unstable plaque formation suggest that it is a multifactorial process. Inflammation, lipid accumulation,
apoptosis, proteolysis, the thrombotic process and angiogenesis are among the main factors of carotid
plaque destabilization. Although inflammation is a key process in development of plaque vulnerability,
the hemostasis and neoangiogenesis should be regarded as equally important. Only a small group of
asymptomatic patients may benefit from the invasive treatment and it remains a challenge to determine
whether initially asymptomatic carotid plaque become unstable or vulnerable. Currently, the main task of
research on atherosclerotic lesion imaging is focused on functional state of the plaque. The presence of
one or more features such as stenosis progression, large plaque area, large juxta-luminal black area, plaque
echolucency, intra-plaque hemorrhage, impaired cerebral vascular reserve and spontaneous embolization may
indicate patients at higher risk for stroke suitable for revascularization. Treatment of carotid stenosis as one
of the manifestations of generalized atherosclerosis requires a broad approach. Nowadays pharmacological
treatment options for the atherosclerotic process are largely aimed at stimulating the plaque stabilization, but
in symptomatic patients and selected asymptomatic patients, carotid plaque should be removed as a potential

source of embolism.
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Introduction

Symptomatology and degree of carotid artery stenosis
are main indications for carotid interventions at the
moment. However, two thirds of all patients presenting
with major stroke had no previous minor neurological
symptoms. Based on the North American Symptomatic
Carotid Endarterectomy Trial (NASCET) and the
European Carotid Surgery Trial (ECST) reports there is
a general agreement that carotid endarterectomy (CEA)
in symptomatic stenosis greater than 70% is followed by
significant absolute ischemic stroke risk reduction and
should be routinely performed (1,2). On the other hand,
most of asymptomatic patients with severe carotid artery
stenosis are subject to unnecessary interventions (whether
endarterectomy or stenting) taking significant risk of
perioperative morbidity or even mortality, while with
modern best medical therapy (BMT) the annual risk of
stroke in that group of patients is around 0.5% (3). Only the
small group of asymptomatic patients (~15%) benefit from
the invasive treatment (3).

It remains a challenge to determine if initially
asymptomatic carotid atherosclerotic plaque will become
unstable or vulnerable. The American Heart Association
(AHA) and the American Stroke Association (ASA)
invariably recommend that carotid intervention should only
be performed in strictly selected patients with asymptomatic
carotid stenosis (ACS), but the criteria for the above-
mentioned selection have not been defined so far (4). Until
the results of ongoing trials are published and validated
algorithms for patient selection are created, clinicians are
using the clinical and imaging criteria suggested by experts
from the European Society of Vascular Surgery (ESVS). (5)
The presence of one or more features such as silent
infarction on computed tomography/magnetic resonance
imaging (CT/MRI), stenosis progression, large plaque area,
large juxta-luminal black area (JBA) on computerized plaque
analysis, plaque echolucency, intra-plaque hemorrhage
on MRI, impaired cerebral vascular reserve (CVR), and
spontaneous embolization on transcranial Doppler (TCD)
monitoring, might indicate patients at higher-risk for stroke
suitable for revascularization (5).

It is believed that vulnerable, non-stenotic plaques are
an underestimated cause of stroke (6). Currently, the main
topics of research on imaging of atherosclerotic lesions are
turning towards the functional state of the plaque and the
identification of high-risk groups (6). It is well known that
stable plaques with a fibrous structure are less susceptible to
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rupture and related complications than unstable plaques in
which an intense inflammatory process takes place (7able 1).
These two groups of plaques in typical, routinely performed
imaging studies are difficult to distinguish. Currently, there
are numerous novel imaging techniques that can detect
potentially unstable plaques: magnetic resonance imaging,
high-resolution computed tomography, positron emission
tomography and contrast-enhanced ultrasound (7-11).
Processes indicating plaque activity (molecular imaging)
such as: glucose absorption, protein degradation, exposure
of adhesive molecules or content of markers for apoptosis
are tested for use in the diagnosis of plaques at risk of
destabilization (12-15).

We present the following article in accordance with the
Narrative Review reporting checklist (available at http://
dx.doi.org/10.21037/atm-20-7197).

Biology

The trigger of atheroma formation is an endothelial
dysfunction followed by inflammatory response to
lipoprotein retention predominantly in the arterial wall
segments in which the shear stress is decreased and the
blood flow is oscillatory and turbulent (16,17). In such parts
of arterial wall the prolongend contact with endothelium
of blood derived particels [mainly low-density lipoprotein
(LDL)] takes place. Such a situation leads to accelerated
accumulation of lipoproteins in subendithelial matrix of
the arterial wall (18). When macrophages are not able
to eliminate exessive amount of lipids, vascular smooth
muscle cells (VSMCs) start to be activated and migrate into
subendothelial layer. The VSMCs proliferate, change their
phenotype into fibroblast-like cells and start to produce
extracellular matrix (mainly collagen and proteoglicans).
The fibroblast-like VSMCs and connective tissue produced
by them are the main components of the plaque’s fibrous
cap (18). Atherosclerotic plaque instability is mainly
associated with the inflammatory process, while plaque
stabilization is mediated by smooth muscle cell proliferation
and collagen deposition (19,20).

There are numerous inflammatory biomarkers which
levels are increased in patients with carotid stenosis
and the link between elevated inflammatory markers
and atherosclerotic plaque destabilization has also
been demonstrated (21). The best validated are: high-
sensitivity C-reactive protein (hsCRP), interleukins (IL-
6, IL-1B, IL-8, IL-10), soluble Vascular Cell Adhesion
Molecule-1 (sVCAM), osteopontin, serum amyloid A (SAA),
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Table 1 Selected features of stable and unstable carotid atherosclerotic plaque

Stable plaque

Unstable plaque

Thick fibrous cap

Severe calcification

Macroscopic calcium

Small lipid core

Intensive proliferation of VSMCs
Stable, scarce rebuilding

No intraplague microhemorrhages
High collagen content

No surface ulcerations

Thin fibrous cap

Scarce calcification

Microcalcific deposits within the fibrous cap

Extensive necrotic core, rich in lipids

Strongly expressed inflammation, infiltration of macrophages
Proteolysis and continuous rebuilding

Intensive neovascularization, microhemorrhages

Low collagen content

Surface ulcerations

VSMCs, vascular smooth muscle cells.

lipoprotein-associated phospholipase A2 (Lp-PLA2), tissue
inhibitors of matrix proteins (TIMP-1, TIMP-2), soluble
CD40-ligand (sCD40L) and matrix metallo-proteinases
(MMPs) (21-24). Especially MMP-9, produced by activated
macrophages, which is able to destroy the extracellular
matrix is believed to be a promising marker of unstable
plaque. The connection between histological features of
atherosclerotic plaque vulnerability and serum levels of
MMPs, TIMP-1 and IL-8 has just been demonstrated (25).

Unstable plaque usually has a thin fibrous cap, lipid-
rich necrotic core and is characterized by increased activity
of inflammatory processes, macrophage infiltration and
neovascularization (26,27). In the advanced atherosclerotic
plaque, the pivotal mechanism accelerating the plaque
growth and frequently leading to local vascular
complications and embolization is the fibrous cap rupture
(26,27). While macroscopic calcium seems to stabilize
atheroma, the microscopic calcium deposits can increase
the risk of fibrous cap rupture by amplifying mechanical
stress at the level of the fibrous cap (28). The blood inflow
into the ruptured plaque cavity is followed by a thrombus
formation what trigger the plaque growth acceleration and
lead to thrombus propagation into the vessel lumen and its
occlusion as a final result (26,27). The main players in the
above-mentioned process are thrombotic factors and their
inhibitors.

Optional mechanism which can lead to plaque activation
and destabilization is the rupture of deficient vessels
formed inside the plaque within the neovascularization
process. Such a sequence of events provokes intra-plaque
hemorrhage without a fibrous cap rupture. It has been
demonstrated that symptomatic plaques showed more, larger
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and more irregular neo-vessels than asymptomatic plaques
what is associated with intraplaque hemorrhage (IPH) and
secondary plaque rupture (29). The neovascularization
process is controlled mainly by vascular endothelial growth
factor (VEGF) and its receptors. The plaque homogenates
and the plasma of patients with carotid stenosis are
characterized by potent prothrombotic profile showing
significantly higher concentration and activity of tissue
factor (TF) (30). Rupture of the unstable plaque reveals
tissue-presenting cells to a stream of flowing blood. In this
way, a blood clot forms, which in turn becomes the cause
of cardiovascular episodes, including ischemic stroke (30).
The main reservoir of TF in the wall of a healthy vessel
is the media and VSMCs or fibroblasts located mainly in
the adventitia (31). The concentration of TF in plasma
increases in many diseases in which intensified inflammation
occurs, including atherosclerosis and diabetes (31). A
large proportion of TF is found inside the plaque, mainly
in macrophages and endothelial cells. Damage to the
plaque cap leads to the expression of endothelial cells TE,
intraplaque TF and also TF of cells circulating in the blood,
enhancing the thrombotic process (32). Undoubtedly, TF
plays a key role in the pathogenesis of atherosclerosis and
should be taken into account as a potential therapy target for
preventing atherothrombotic clots, but also for preventing
restenoses after angioplasty and carotid artery stenting.
Tutar er al. showed a correlation of TF concentration with
restenoses after angioplasty and coronary artery stenting,
most likely through the effect of this factor on stimulation
of VSMC:s proliferation and migration (33).

The concentration and activity of coagulation inhibitors
[tissue factor pathway inhibitor (TFPI); thrombomodulin
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(TM)] is also increased in the advanced carotid plaque (30).
TFPI is considered the main natural inhibitor of coagulation
activation dependent on the tissue factor. It is believed that
associated mainly with the endothelial surface TFPI plays a
key role in regulating the function of vascular wall cells and
is considered as a marker of endothelial dysfunction (34).
Evidence shows that TFPI inhibits the thrombotic process,
but it is also supposed that it can play an important role in
prevention of restenosis. Macrophages (mainly M2) seem
to be a key source of TFPI in developing atherosclerotic
plaque. Stavik et /. showed TFPI mRNA values in carotid
plaques in patients undergoing endarterectomy twice as
high compared to the wall of healthy arteries (35). There
is a tendency for higher TFPI levels in symptomatic and
unstable carotid plaques with high lipid content (compared
to calcified and asymptomatic plaques) (35). However,
there are also studies in which there were no statistically
significant differences in the concentration and activity of
TFPI in symptomatic and asymptomatic plaques (30,36).
Most of the reports indicate that TFPI has a protective
role, reducing the effects of excessive tissue factor activity.
The increased content of TFPI in the vessel wall, especially
in the place of a ruptured unstable atherosclerotic plaque,
may limit the formation of a thrombus which is the source
of thromboembolic complications and slow down the
development of atherosclerotic lesions (37).

In advanced atherosclerotic lesions hypoxia, exacerbated
inflammation, oxidative stress promoting LDL oxidation
leads to the chronic secretion of vascular endothelial
growth factor (VEGF) that, in turn, stimulate pathological
impaired intraplaque neoangiogenesis (38). It has been
demonstrated that VEGF can play a dual role of being
an angiogenic and inflammatory cytokine in patients
with vulnerable plaque. The analysis of angiogenesis
markers shows significantly higher concentration of
VEGF in plaques than in plasma of patients with severe
carotid stenosis (30). Furthermore, it was proven that
concentration of VEGF is increased in symptomatic
carotid plaques what confirms its involvement in the
carotid plaques neovascularization that can lead to plaques
destabilization (30). Mofidi er 4/. reported that in the
carotid atherosclerotic plaques, the content of microvessels
formed in the process of neovascularization is positively
associated with plaque hemorrhages, its instability and
neurological symptoms (39). Red blood cells extravasated
during microhemorrhage, undergo hemolysis (into iron,
cholesterol, glycophorin A and ceroids), leading to the
accumulation of hemoglobin, which through the formation
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of reactive oxygen species (ROS) leads to increased
inflammation and destabilization of the plaque (40).

Molecular imaging

Molecular imaging techniques of the carotid plaque have
been gaining popularity during the last decade. The
objective of molecular imaging of the carotid atheroma is
to provide biologic insight into the plaque structure and
functional status predisposing to vulnerability. Positron
emission tomography (PET) with F-18-fluorodeoxyglucose
(FDG) is one of the most promising molecular imaging
techniques that is able to detect a carotid plaque with an
intense inflammatory process due to increased FDG uptake
by activated macrophages at the plaque level reflecting
the degree of macrophage infiltration (41-43). It has been
demonstrated that FDG uptake is higher in patients with
symptomatic carotid stenosis and correlate with markers
of intraplaque inflammation at the immunobiological
analysis (41,44). The FDG uptake is particularly expressed
in macrophage-rich areas of the plaque what can be a
promising marker of high-risk vulnerable plaque and
patients at risk of neurological ischemic events in the
near future (44). It has been recently demonstrated that
increased FDG uptake into the carotid plaque on PET
examination is able to predict future recurrent stroke (45).
A positive correlation between the increased inflammatory
activity in the atherosclerotic plaque in 18-FDG PET
imaging (increased 18-FDG uptake, target to background
ratio - TBR) and the concentration of IL-6, TNF-o and
CRP has been demonstrated (46,47). Another less used
type of positron emission tomography procedure with
application of F-18 sodium fluoride (['*F] NaF) is able to
detect microcalcific deposits in the plaque fibrous cap which
are responsible for increased mechanical stress leading to
a cap rupture (28). [°F] NaF was originally developed as a
hydroxyapatite-seeking agent for the evaluation of bone and
joint diseases but secondarily it turned out that it is taken
up by active microcalcification characteristic of vulnerable
plaque (28,48-50).

Both PET-FDG and PET-NaF appear to be promising
diagnostic tools to detect potentially vulnerable carotid
plaque but are not widely used because of poor availability
and prolonged test time. Molecular images such as PET-CT
have the advantage of being sensitive to assessment a degree
of inflammation, the most powerful marker of vulnerable
carotid plaque, but are unable to assess anatomical signs of
vulnerability (intraplaque hemorrhage, cap ulcerations and
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rupture, plaque echolucency and heterogenicity). Hybrid
PET/CT and PET/MR are being increasingly used to
colocalize inflammation activity signals with anatomical
and functional imaging to improve diagnostic precision
and evaluate interventions targeted at inflammation and
atherosclerosis (51,52). PET-FDG imaging was also used
to evaluate the effects of therapy. By intensifying the statin
therapy, it was found that inflammation of the vessel wall
was reduced, what was shown by reduction of ["*F] FDG
uptake in the PET images (53). When testing antidiabetic
drugs, it was found that pioglitazone, compared to
glimepiride, more significantly reduced inflammation of the
artery wall in PET-FDG examination (54).

It has been hypothesized that VEGF could become
a marker of unstable atherosclerotic plaque. Obviously,
the assessment of VEGEF expression in tissue is associated
with a more invasive approach than just blood collection,
but it is already successfully used in cancer diagnosis and
therapy, especially in assessing the effects of treatment
and cancer invasiveness. An example is the evaluation
of tumor tissue activity using labeled (zirconium-89),
recombinant monoclonal antibody (bevacizumab) binding
to VEGE, imaged by positron emission tomography (89Zr-
bevacizumab PET) (55,56).

Immunoscintigraphy is another molecular imaging
able to detect radioactive tracers that accumulate within
vulnerable carotid plaque. Most frequently used tracers are
immunoglobulins, antifebrin antibodies, platelets, LDL,
hematoporphyrin derivatives and fibronectin.

Treatment options

The management of carotid stenosis as one of the
manifestations of generalized atherosclerosis requires a
broad approach. It includes risk factors reduction, lifestyle
modification and pharmacological therapy. Symptomatic
carotid plaque with high grade stenosis requires surgical
treatment (either endarterectomy or stenting) but for
most patients with carotid stenosis the therapy focused
on plaque stabilization is safer and should be the method
of choice. The pathogenesis of atherosclerosis in distinct
parts of the vascular bed is slightly different, however, in
most cases, the clinical manifestations of atherosclerosis
arise not as an effect of the gradual development of
atherosclerotic lesions, but as a result of destabilization of
the atherosclerotic plaque. Sudden occlusion or embolism
associated with destabilization of the plaque is the main
cause of cardiovascular episodes (myocardial infarction,
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ischemic stroke, critical and acute limb ischemia). Hence,
therapeutic options for treating the atherosclerotic process
are largely geared to stimulating atheroma stabilization
and the development of new therapeutic method is highly
anticipated.

Nowadays the best treatment slowing down
atherosclerotic plaques progression and preventing
their destabilization seems to be high-intensity statins
therapy. The risk of death from coronary artery disease
(CAD) increases fourfold as cholesterol rises from 5.2
to 7.8 mmol/L (57). The lipid profile predisposing to
atheroma formation is increased concentration of low-
density lipoprotein (LDL), hypertriglyceridemia and
reduced level of high-density lipoproteins (HDL). Such
a lipemic phenotype is closely related to obesity, insulin
resistance, hypertension and disorders of postprandial
lipoprotein metabolism. This proves that the therapeutic
approach to atheroma stabilization should be broad and
multifactorial. The fact that statins have pleiotropic effects,
including anti-inflammatory and antioxidant properties,
is well-documented (58,59). According to the recent
recommendation of ESVS statin therapy is recommended
for long-term prevention of stroke, myocardial infarction
and other cardiovascular events in all patients with ACS. (5)

The renin angiotensin aldosterone system (RAA)
blockade has been reported to slow down the development
of atherosclerosis regardless of blood pressure (60). A
synergistic effect of hypertension and hypercholesterolemia
in the progression of atherosclerotic lesions was observed.
Animal studies show that blockade of the RAA system
with statins administration inhibits the progression of
atherosclerosis to a greater extent than administration of
only RAA blockers alone, which is most likely associated
with additional inhibition of the inflammatory process by
statins (61). Statins can also have a beneficial effect on the
elasticity of the arteries (61). Similar studies showing greater
efficacy of antihypertensive treatment combined with statins
administration, have also been performed in the human
population (62). ESVS recommends antihypertensive
treatment for all patients with hypertension and ACS to
maintain long-term blood pressure <140/90 mmHg. (5)

Many reports indicate that extensively used antiplatelet
agents (including aspirin), have anti-inflammatory
properties conferring a benefit in atherosclerosis
management in addition to their other mechanisms of
action (63). The anti-inflammatory properties of aspirin
are well known. It inhibits cyclo-oxygenase and other pro-
inflammatory signaling pathways, including the nuclear
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Table 2 Selected treatment options to stabilize atheroma
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Currently used

Under research

High-intensity statins therapy
Renin angiotensin aldosterone system (RAA) blockade

Antiplatelet drugs (including aspirin)

Colchicine
Herbs/spices (ginger, garlic, turmeric, green tea)

Monoclonal human antibodies (canakinumab)

factor of activated B-cells (NF-kB) (64). Widely used
clopidogrel has also anti-inflammatory properties, what has
been described in human and animal models (65,66). Low-
dose aspirin (75-325 mg) is recommended in all patients
with ACS for prevention of late myocardial infarction and
other cardiovascular events (5).

Great hopes were raised by research on human
monoclonal antibodies. The human monoclonal antibody
against IL-6 (toclizumab) and the tumor necrosis
factor (TNF) receptor antagonist (etanercept) did not
significantly influence the cardiovascular complications of
patients with rheumatoid arthritis (67). The monoclonal
antibody against IL-1B (canakinumab) remained on the
battlefield the only one that turned out to reduce the
risk of cardiovascular events (68). Some substances with
known anti-inflammatory effects, such as methotrexate
(inhibitor IL-6, TNFE, CRP), have been proved ineffective
in reducing cardiovascular events (69). On the other hand,
others, such as colchicine (an anti-inflammatory substance
that inhibits the activity of neutrophils) are still under
research. The first reports are promising, as colchicine,
in addition to high doses of statins, lowers the risk of
recurrent cardiovascular episodes (70,71).

"Taking into account current medical literature, it seems
that the TF can only be recognized as the main regulator
of both thrombus formation and atherosclerotic plaque
development among all hemostatic factors (30-33). As such,
one could await that the TF inhibitor would be of a great
value in treating atherosclerosis. Unfortunately, despite
promising reports and newly created methods of inhibiting
TF, these inhibitors are still not widely used in humans.
Research is currently focused on the search for new
inhibitors of TF synthesis and targeted anti-TF antibodies.
Another possibility is clinical application of recombinant
inhibitors of TF, such as recombinant TFPI (72-74). Since
the effect of TF is cell-associated and stimulated by a local
inflammatory process in the vessel, the hypothesis that TF
and its effect can be locally inhibited with no significant
effect on systemic coagulation and without a significant
increase in bleeding risk, seems very interesting (31).
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Many plant compounds and spices are commonly
considered to have anti-inflammatory and antioxidant
activity (turmeric, ginger, garlic, green tea, chokeberry)
however, there are no reliable reports based on randomized
clinical trials on their effectiveness in stabilizing
atherosclerotic lesions (63,75,76). Selected currently used
or investigated treatment options to stabilize atherosclerotic
plaque are presented in 7able 2.

Due to the improvement in the quality of conservative
treatment (best medical therapy, BMT) in the last three
decades, there is a noticeable group of clinicians who believe
that BM'T alone in ACS is sufficient (77,78). However, in
addition to reduction of the stroke risk in conservatively
well-treated asymptomatic patients, in recent years there
was also significant decrease of perioperative stroke during
CEA in ACS, up to 0.5% in selected centers (79). It is clear
that the risk of stroke is not the same in all patients with
ACS. The structure of a carotid plaque has a key influence
on the embolization potential (80). Available data clearly
show that ACS patients should not be offered a “one-size-
fits-all” approach (80). Moreover, it is often emphasized
that a plaque considered as asymptomatic is not always
so (symptoms may occur during sleep, cognitive decline)
(80-83). Taking into account the current state of knowledge
and waiting for further development of pharmacological
treatment, it should be stated that in selected asymptomatic
patients (high risk of cerebral embolization; low risk of
cardiac, pulmonary and other complications; acceptable life
expectancy) carotid plaque should be removed as a potential
source of emboli (5,80).

Concluding remarks

Stroke is the second most common cause of mortality and
leading reason of adult disability in the present world (84).
More than 85% of strokes are ischemic due to cerebral
embolism. An estimate of 20-30% of all strokes are
associated with carotid artery stenosis and it is believed that
about 15% of all strokes and TTAs are caused by unstable
carotid plaque (58). The research of factors that are
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Figure 1 Processes involved in the destabilization of atherosclerotic

plaque.

involved in the process of atherosclerotic plaque activation
causing it to evolve into an unstable plaque is being carried
out extensively. A significant number of reports describing
the mechanisms of unstable plaque formation suggest
that it is a multifactorial process. In the destabilization of
atherosclerotic plaque, the crucial role of inflammation,
lipid accumulation, apoptosis, proteolysis, thrombotic
process and angiogenesis is indicated. The qualification of
symptomatic patients for interventional treatment (CEA
or stenting) is beyond doubt. In the case of asymptomatic
patients, the decision to undergo surgical treatment is
not easy, because it carries the risk of complications,
especially neurological ones. At present, it is not possible to
indicate which carotid atherosclerotic plaque will become
symptomatic and when. Distinguishing plaques that may
cause clinical symptoms of stroke in the near future seems
to be a key trend in the research. It is proven that patients
with ACS greater than 70% and intraplaque hemorrhage
on MRI have nearly 20-fold higher annual risk of
ipsilateral stroke (29.3% wvs. 1.5%) (85). Such plaques, even
asymptomatic, should be considered vulnerable and detected
before they lose stability. In the last 20 years there has been
a shift in the imaging of the atherosclerotic carotid artery,
from the assessment of the degree of luminal stenosis to the
characterization of the functional status of the plaque (86).
Molecular tests are more promising modality in detecting
plaques at the risk of destabilization. To date, none of the
plasma biomarkers that would distinguish stable or unstable
carotid plaque has entered routine use. Literature data
point to the key role not only of the inflammatory process,
but also of tissue factor-dependent blood coagulation
activation in the formation of atherosclerotic plaque
complications (31,87).

Of course, it would be more clinically useful to detect
a plasma marker attesting to increased activity of the
carotid atherosclerotic plaque. Such a marker, thanks to a
simple blood sampling, could be used to identify patients
with asymptomatic carotid plaques, which have a greater
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risk of becoming symptomatic in the near future, causing
embolization into the cerebral vessels. Such patients,
in addition to conservative treatment (pharmacological
treatment and leveling of modifiable risk factors), could be
good candidates for a prophylactic CEA.

Despite the fact that the inflammation is a pivotal
process in the progression and destabilization of carotid
plaque, and most research are conducted in this direction,
it must be remembered that the process of hemostasis and
neoangiogenesis is equally important (Figure 1.). All three
of the above-mentioned processes are interdependent
and only understanding their connections brings us
closer to understanding the process of atherosclerotic
plaque destabilization. Despite numerous studies, at this
stage, it cannot be clearly defined which markers of the
discussed processes will become crucial in detecting the
atherosclerotic plaque at risk of become vulnerable. PET-
CT is currently the leading molecular test in the diagnosis
of unstable carotid plaque, however, focused mainly on the
assessment of the inflammation within the plaque. The
discovery of new radiotracers (with increased availability,
biological sensitivity and more effectively target alternative
processes) should change this situation (88). Many of these
radiotracers may have been developed and adopted from
other domains, such as oncology or neuroimaging.

While awaiting the publication of new reports on
unstable carotid plaque markers, we should follow current
recommendations and consider all symptomatic, severe
stenotic carotid plaques as unstable (5). In asymptomatic
patients, we should follow the recommendations and qualify
for invasive treatment carefully selected patients with
clinical and imaging criteria of plaque instability (5).
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