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Introduction

Atherosclerotic disease is the underlying process of 
two of the most important causes of death worldwide: 
ischemic stroke (IS) and myocardial infarction (MI) (1). 
Atherosclerosis has a high prevalence in western countries 
with values up to 75% of men and 62% of women aged 
65 years and older (1). Despite significant advances in 
treatment, current conventional screening and diagnostic 
methods are insufficient to identify the victims before the 
event occurs even if in the last years the recognition of the 
role of the vulnerable plaque has opened new windows of 
opportunity in the field of cardiovascular medicine.

The two vascular territories responsible for most of 

the cardiovascular events are the coronary arterial tree 
and extracranial carotid arteries. In both carotid and 
coronary arteries, the rupture or fissuration of the plaque 
is considered the trigger of the thrombotic (in coronary 
arteries) or embolic (in carotid arteries) sequences that 
determine the MI or IS (2). However, the percent reduction 
in luminal diameter of the artery is still considered a 
dominant predictor for the stratification of the severity 
of atherosclerotic process; this is because stenosis 
quantification has been the only parameter and endpoint 
that could be non-invasively detected with in vivo imaging 
techniques in the past decades in the trials that assessed 
diagnostic yield of imaging methods and the risk/benefits of 
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the revascularization treatments.
Nevertheless, multiple ex-vivo studies demonstrated that 

there are significant differences in terms of risk of plaque 
rupture given the same degree of luminal stenosis and that 
these differences are related to the differences in plaque 
structure (2-5). In fact, by focusing the attention to some 
plaque features such as intra-plaque hemorrhage (IPH), it 
was found an association with a significantly increased risk 
of plaque rupture and distal embolization (6). 

These features can nowadays be explored in vivo, 
thanks to the evolution of advanced diagnostic methods. 
The clinical implementation of advanced vascular 
imaging allowed also to explore newer concepts such as: 
(I) similarities and differences in atherosclerotic process 
in coronary and carotid arteries; (II) potential to monitor 
the process of progression/regression of atherosclerotic 
plaque features (i.e., calcification, volume, remodeling, lipid 
content,…) (7); (III) understand the effect of drug therapies 
and potential monitoring of the plaque in order to optimize 
the risk stratification and to identify optimal treatment.

Computed tomography (CT) and magnetic resonance 
(MR) are the main non-invasive tools for plaque analysis 
both in carotid and coronary arteries, whereas other 
methods such as optical coherence tomography (OCT), 
and intravascular ultrasound (IVUS) are the main invasive 
intravascular methods for the assessment of coronary 
atherosclerosis; conventional doppler-ultrasound (US) 
plays also a major role in the assessment carotid artery 
atherosclerotic disease. A minor, but very intriguing role, 
might be played by nuclear medicine techniques and 
in particular by positron emission tomography (PET), 
which is the tool that at this point in time can bring us the 
closest to actual molecular/metabolic imaging of carotid 
and eventually coronary atherosclerosis. In simple words, 
PET might soon be able to provide information about 
metabolic activity of atherosclerotic plaques through the 
application of highly specific probes able to indicate plaque 
activity/vulnerability; this particular and very demanding 
application might also be in the future a territory that CT 
and MR might explore with probes developed with the 
same strategy. 

Three decades have passed since greyscale IVUS 
presentation by Paul Yock and nowadays second-generation 
intra-vascular imaging techniques such as IVUS, radio 
frequency tissue characterization, OCT, and near-infrared 
spectroscopy (NIRS) have moved beyond research settings 
and are currently used during daily clinical practice. 

In this review, we discuss the similarities and differences 

between coronary and carotid artery vulnerable plaque from 
the imaging point of view and the potential implications for 
systemic therapies according to the emerging evidences of 
the literature.

Search strategy and selection criteria 

The references for this paper were derived from databases 
maintained by the authors and supplemented by PubMed 
(National Center for Biotechnology Information, U.S. 
National Library of Medicine, Bethesda, Md, USA) 
searches and no time restriction for publication date was 
used The search terms “Plaque”, “Coronary”, “Imaging”, 
“CT”, “MR”, “US”, “IVUS”, “PET”, “OCT” and 
“Molecular Imaging” were used. Review articles and animal 
studies were included. To restrict the number of references 
cited, priorities were given to original observations, multi-
centre studies, and randomised trials. Additionally, review 
articles and animal studies that included comprehensive 
bibliographies were cited when appropriate. There were no 
language restrictions. The final reference list was generated 
on the basis of relevance to the topics covered in this 
Review.

Imaging plaque feature of vulnerability 

Several retrospective autopsy and cross-sectional clinical 
studies have suggested that acute coronary syndromes as 
well as cerebrovascular events are caused by specific plaque 
features of vulnerability (8-10). There have been great 
advances in our knowledge of the cellular biology regarding 
the formation and progression of atherosclerotic plaques; 
currently, the identification of those features, associated 
with an increased risk of plaque rupture, is the target of 
several imaging research studies with multiple imaging 
techniques. 

Atherosclerotic disease is a complex and heterogeneous 
process requiring decades to show evidence as plaque. The 
first radiologically detectable phases are characterized by the 
increased thickness of the arterial wall due to accumulation 
of foam cell histological changes in the intima layer. After 
years, a disproportionate increase of the wall determined 
the growth of a plaque that can represent a trigger for 
the development of embolic event. The atherosclerotic 
plaque can show several types of components (Intra-
plaque hemorrhage; lipid core; necrotic areas, clusters of 
calcium) with concomitant presence of inflammation and/or 
neovascularization that represent the marker of the plaque’s 
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activity. All these features can be present together or one of 
these can be disproportionately represented by explaining 
the different “subtypes” of plaque and the sub-sequent 
different profile of risk.

The unstable atherosclerotic plaque is of great 
importance because it is the primary culprit in acute 
coronary syndromes and ischemic stroke; advanced 
imaging modalities offer images with high-spatial 
resolution of the plaque thereby allowing to characterize 
its tissue composition. Several imaging studies have been 
performed in carotid arteries in the first place, because 
of the larger vessel size, superficial location, and lack 

of motion, as compared to the coronary arteries, and it 
has been demonstrated that specific plaque features are 
associated with an increased risk of plaque rupture: the most 
important are intra-plaque hemorrhage (IPH) the thin/
ruptured fibrous cap (FC), presence and size of the lipid-
rich-necrotic-core (LRNC), intra-plaque neovascularization 
(IPN) and plaque inflammation.

In carotid arteries, US, CT and MR techniques 
provide very good results whereas in coronary imaging 
the plaque analysis is still challenging and follows a more 
semiquantitative approach (Figure 1). In coronary arteries, 
OCT and IVUS are considered clinical standard for the 

Figure 1 Example of multislice CT Angiography of the Carotid arteries showing bilateral complex atherosclerotic plaques of the carotid 
bifurcation and internal carotid artery proximal segment. (A,B,C) Figures show the 3D Volume Rendering (A) and multiplanar reformats 
(B,C) of the right carotid artery characterized by a large plaque with mixed components (calcified and non-calcified) and concentric pattern, 
determining a high grade stenosis >70% (* in B); the plaque shows some very hypodense region suggestive for lipid content. (D,E,F) Figures 
show the 3D Volume Rendering (D) and multiplanar reformats (E,F) of the left carotid artery characterized by a large plaque with mixed 
components, but most of all the intimal surface appears ulcerated, and even though the degree of stenosis is lower on this side this plaque 
has a higher risk (* in E). 

A

D

B

E
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assessment of in vivo plaque features. The combination of 
better resolution and flushing (typically with intravascular 
iodinated iso-osmolar contrast material) in OCT provides 
a clear interface between lumen and plaque surface. 
Conversely, one of the most useful features of IVUS is 
visibility of the full thickness of the vessel wall till the 
adventitial layer.

Degree of stenosis

Degree of stenosis was considered for both coronary and 
carotid artery plaques the key parameter to quantify the 
atherosclerotic severity of the disease. This is due to the fact 
that for decades the only modality able to directly evaluate 
arteries “in vivo” was conventional angiography (CA); 
however, CA could offer only a luminographic view of the 
vessels. Luminal stenosis was the only indirect parameter 
indicating the presence of atherosclerosis. This concept is 
nowadays completely changed because it is demonstrated 
that carotid artery wall develops a significant positive 
remodeling, while determining a mild degree of stenosis, 
that can subtend a focal eccentric large plaque volume (i.e., 
also referred as plaque burden). However, for carotid artery, 
percent reduction in luminal diameter is considered the 
key parameter for stratifying subsequent stroke risk and 
for selecting the optimal therapeutic approach (11); this in 
spite of the fact that strong evidence demonstrates that the 
degree of stenosis is a weak parameter to stratify the risk of 
acute events. Similarly, in coronary arteries, most lesions 
responsible for MI were angiographically mild at baseline 
[mean (±SD) diameter stenosis, 32.3%±20.6%] (12). The 
consolidation of this knowledge have led to separate the 
clinical situation of stable and unstable coronary artery 
disease. In the first case there is one or more coronary 
artery stenosis that may cause inducible ischemia (clinically 
evident with angina or angina equivalents such as dyspnea 
under exertion) under stress conditions but not quite 
likely to determine an actual acute myocardial infarction. 
In the second case, a non-significantly obstructive plaque, 
develops an intimal erosion/fissuration/rupture which leads 
to an acute intravascular thrombosis; this acute partial or 
complete blockage of the coronary flow determines at first 
acute rest ischemia of the ventricular wall which over time 
becomes myocardial necrosis. 

Luminal morphology

The luminal morphology is considered a risk feature for both 

MI and IS (13). It is possible to define the surface of the 
plaque according to three classes: (I) regular; (II) irregular 
and (III) ulcerated. The luminal surface of the plaque 
corresponds to the intimal layer the artery wall. Several 
studies have demonstrated that the presence of irregular 
luminal surface in coronary arteries and in carotid arteries is 
associated with an increased risk of plaque’s rupture (14,15). 

Therefore, the detection of intimal plaque irregularities is 
a parameter of vulnerability (i.e., increased risk complications 
such as rupture). In coronary arteries it is possible to 
identify the intimal irregularities using conventional 
coronary angiography (15), even though a significantly 
better performance can be obtained with more advanced 
intravascular techniques such as the OCT and IVUS due 
to higher spatial resolution, in particular in the intimal-
medial layers (16,17). In carotid arteries the optimal imaging 
technique for luminal surface evaluation is CT because of 
the higher spatial resolution compared to MR (18,19). Also 
US offers information regarding the carotid plaque surface 
but the presence of calcium components may significantly 
limit the sensitivity of this techniques (20). 

The ulceration of the plaque is accepted for carotid 
artery, as a prominent risk of vulnerability from the 
NASCET Trial. The impact of ulceration in carotid 
artery plaque determining mild stenosis is incorporated 
in the recently published ESC guidelines (21) whereas 
the management of non-obstructive ulcerated plaques in 
coronary arteries remains unclear, and clinical practice 
guidelines are not available.

Because of the size of the plaque of carotid arteries, the 
occurrence of carotid plaque ulceration is nowadays easily 
detectable with CT and MR imaging (22,23). In coronary 
arteries this task is more difficult, especially with non-
invasive methods (i.e., CT); however, post mortem studies 
have robustly demonstrated this association (24,25). 

IVUS and OCT can demonstrate with very good 
sensitivity and specificity this condition, even though for 
larger ulcerations also conventional coronary angiography 
can demonstrate this condition (26).

Schoenhagen et al .  showed with IVUS that the 
prevalence of intimal ulceration in coronary arteries was 
significantly higher in patients with acute MI as compared 
to patients with stable/subacute group (19% versus 4%; 
P=0.014); in addition, there were no significant differences 
concerning other morphological lesion characteristics (8). 

The luminal morphology represents the surface 
appearance in the inner lumen of the plaque and represents 
in both coronary and carotid arteries an important 
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parameter of vulnerability (27). In particular, the more 
severe the intimal irregularities, the higher the risk of acute 
rupture and hence of acute ischemic events. 

Plaque composition

In coronary artery disease (CAD), although large plaques 
are more likely to rupture than small plaques, the greatest 
risk of MI derives from the rupture of small plaques. This 
apparent paradox could be explained as follows: small 
plaques are far more common than large plaques and 
obstructive plaques (28); when there is already a significant 
reduction of flow due to a large plaque, coronary arterial 
circulation develops collaterals thereby reducing the impact 
of an acute blockage of coronary flow at the same site. 
In addition, some feature of the composition of smaller 
plaques contribute to their structural instability and thus to 
their rupture. The plaque composition represents the main 
target of the advanced imaging techniques because it allows 
to non-invasively assess plaque inner structure, ultimately 
allowing to detect and better distinguish high risk features 
from low risk features. 

Plaque composition: calcium
Atherosclerotic calcification has intrigued researchers for 
more than a century and despite extensive research in this 
area, the mechanistic understanding of atherosclerotic 
calcification in humans remains limited (29). Heavy 
coronary calcifications can actually be detected even on 
a conventional chest X-ray. Because of the strong tissue 
attenuation calcium was the first tissue explored in coronary 
artery plaques also when the CT technology was not used 
for the analysis of coronary arteries due to excessive motion 
artefact (20,30). In fact it was electron beam computed 
tomography (EBCT), and not CT, the first imaging method 
able to provide adequate temporal resolution for a proper 
assessment of coronary artery calcifications. In the seminal 
paper by Agatston et al. (20) of 1990, it was found that 
the absence of detectable coronary artery calcium [i.e., a 
Coronary Artery Calcium Score (CACS) with Agatston 
method =0] had a negative predictive value of 98%. This 
concept that is today referred to as the “Power of Zero” 
should be amended by an important observation; the 
absence of detectable coronary calcifications (CACS =0) 
does not warrant the absence of non-calcified plaques. 
With the evolution of fast spiral CT which developed into 
multislice CT technology, the detection and quantification 
of CACS became much easier; currently CACS detected 

by cardiac CT (CCT) is considered representative of the 
burden of coronary atherosclerosis and it is effective for 
advanced and individualized stratification of cardiovascular 
risk in asymptomatic patients (31) beyond conventional 
global cardiovascular risk assessment algorithms (32). It 
is quite well demonstrated that subject with CACS value 
>100 have a significantly increased risk of MI compared 
to the CACS 0 Class and CACS 1–100 Class. However, 
not all the authors are concordant to consider coronary 
artery calcification as a predictor of plaque instability or 
vulnerability and they might be right in this (33). In fact, 
CACS location does not correlate with the site of future 
plaque rupture and events and also it does not correlate 
with the location of significantly obstructive coronary 
artery stenosis (i.e., lumen reduction >50%). Actually, 
when coronary artery calcifications are not accompanied 
with significant non-calcified plaque burden (i.e., lipid 
and or fibrous atherosclerosis of coronary artery walls) it 
is believed that this represents a quite stable and relatively 
“protective” condition against coronary events, especially in 
older individuals. In fact, very high CACS values (>1,000) 
are considered somehow protective in this context.

Interestingly, in carotid arteries, several papers showed 
the “protective” effect of calcified plaques (34-36), also in 
subjects with severe degree of stenosis. A meta-analysis (37) 
showed a significant negative relationship between calcified 
plaque and ipsilateral ischemia (OR, 0.5; 95% CI, 0.4–0.7). 

Possible explanations of this phenomenon are probably 
to be researched in biology and pathophysiology of 
atherosclerosis. Recently, a study demonstrated that 
in highly calcified carotid plaques, miRNAs may play 
a modulating role in calcified plaques and in plaque  
stability (38); another recent study identified two types 
of calcium salts in the atheromatous carotid plaques: 
hydroxyapatite and calcium oxalate. Hydroxyapatite 
calcification was associated with more unstable plaques 
while calcium oxalate calcifications were mainly detected 
in stable plaques (39). This evidence may suggest that 
calcium should not be considered as unique entity with only 
quantitative features, but also with qualitative features.

Plaque composition: IPH and LRNC
In both carotid and coronary arteries, the presence of 
LRNC and/or of IPH are considered indicators of plaque 
vulnerability and hence risk factors for plaque rupture. The 
lipid core results from the death of lipid-laden macrophages, 
or foam cells, and from the accumulation of lipids in the 
extracellular matrix. Erythrocyte membranes, which have 
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a very high cholesterol content, may also contribute to the 
inflammatory response and to the accumulation of free 
cholesterol in coronary plaques (5). Lipid composition is 
believed to influence the stability of atherosclerotic plaques, 
given that the level of free cholesterol is significantly 
increased in disrupted lesions (40). Not the presence but 
the percentage of LRNC is related to the risk of rupture 
and those plaques whose lipid core exceeds 40% of the 
volume are especially vulnerable in coronary and carotid 
arteries (41). It has been showed that the thickness of lipid 
component is significant associated with the complicated 
AHA type VI plaque is (ROC AUC =0.89) (42).

The identification of LRNC is difficult and might be 
possible with very few imaging techniques; in particular, 
MR is considered a suitable imaging technique to explore 
carotid artery plaque composition because it can properly 
identify the tissue composition, given its multi-parametric 
capabilities which allows the differentiation between fat/
lipid tissue and other tissues. However, standard 1.5 Tesla 
MR equipment is not routinely used to identify the presence 

of LRNC because of some technical limitations mainly 
related to motion artefacts. However, a recently published 
study demonstrated that using 3 Tesla MR equipment can 
more accurately detect LRNC (43).

CT, which is mostly a mono-parametric method, 
can be easily used for both coronary and carotid plaque 
assessment of areas of low attenuation (<60 HU) 
corresponding to lipid rich plaques (Figure 2). US (44,45) 
in carotid arteries and IVUS in coronary arteries show that 
hypo-echogenic plaques are associated with the presence 
of LRNC.

The association between IPH and progression of 
coronary lesions was suggested in 1938 by Wartman  
et al. (28) and interestingly it is hypothesized that IPH 
could represent the basis for the formation of the  
LRNC (46) (because of the substantial amount of lipid 
content derived from the erythrocyte membranes) and, at 
the same time, to represent a powerful plaque inflammatory 
trigger because erythrocyte membranes can promote the 
recruitment of macrophages under the fibrous cap. Because 

Figure 2 Example of multislice CT Angiography of the coronary arteries. On 3D Volume Rendering the left anterior descending coronary 
artery appears normal without any significant stenosis (A). However, multiplanar reformats (B,C) clearly show a long and completely non-
calcified plaque with positive remodeling. This pattern represents a high risk plaque in the coronary artery tree. 

A B

C
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of these findings, currently, IPH represents a critical event 
in the induction of instability in these lesions.

Also for the carotid arteries, IPH is considered one of 
the identifying features of vulnerable plaque and 2 recently 
published meta-analyses found that carotid IPH is associated 
with increased risk for future primary and recurrent 
ischemic neurological events (47,48). US and CT have 
low sensitivity and specificity in the detection of IPH (49)  
although some studies have suggested that low HU value in 
CT (25 HU) (50,51) is associated with the presence of IPH. 
Some recently presented techniques, such as near-infrared 
autofluorescence seems to be promising for the in vivo 
monitoring of IPH (52).

Plaque composition: neovascularization and 
inflammation
A further parameter related to the plaque vulnerability 
is the “plaque activity” that identifies the level of 
inflammation and neovascularization of the plaque. In 
normal arteries microvessels (vasa vasorum) are detected 
in the only adventitia and outer media layers but when 
neovascularization occurs, a double modality it is possible: 
from the adventitia, and from the arterial lumen, into 
the intima of advanced plaques. These microvessels are 
characterized by immature endothelial lining with an 
increased probability of leakages and IPH formation with 
transition from a stable to an unstable/vulnerable plaque. 

In coronary arteries, pathological study (5) found 
that advanced lesions often contain extensive areas of 
neovascularization and several researchers have found that 
IPH is associated with an increased density of microvessels 
(53,54) and similar results were also found for carotid 
arteries (55,56) by implying that the IPH significance is 
similar for carotid and coronary arteries. A surrogate for 
intra-plaque neovascularization is the so called “napkin-
ring sign” which represent the layer of iodinated contrast 
material on the outer contour (i.e., adventitia) of the non-
calcified component of atherosclerotic coronary artery 
plaque (PAL ref.). However, given the size of the coronary 
arteries and of the plaques it is still quite difficult to gain 
significant insight into this phenomenon with non invasive 
tools such as CT.

A difference in imaging approach is present because 
neovascularization can be adequately studied with CT, MR 
and CE-US (57-61) whereas the IPH of coronary arteries 
nowadays can be actually explored only with OCT or IVUS 
(62-64).

Recurrent events scenario

A further challenging question is the approach to patient 
that have suffered MI or IS. The estimated risk of stroke 
is 12% to 20% during the first 3 months after a transient 
ischemic attack (TIA) or minor stroke whereas in the acute 
coronary syndrome risk is 8–10% (65). 

The Providing Regional Observations to Study 
Predictors of Events in the Coronary Tree (PROSPECT) 
trial (12), which studied coronary plaques using IVUS in 
survivors of acute coronary syndrome, found that plaque 
characteristics such as thin/rupture FC and a plaque burden 
>70%, were associated with 2.5- to 5-fold increased risk of 
repeated events. 

 Similarly, papers have shown that the risk of stroke 
during the first 90 days after a TIA or minor stroke ranges 
between 3.7% and 11.7% (65-67). In the CARE II trial (52)  
about one sixth of the symptomatic subjects have in the 
contra-lateral carotid artery features of vulnerability 
suggesting an increased risk of rupture and events. 

Identification of specific features that significantly 
increase the recurrent risk of plaque rupture represent 
an important need for the therapeutic stratification with 
authors that invoke the need of dedicated specialized care 
for TIA and minor stroke (68).

The link between carotid and coronary

For decades, due to poor data, poor diagnostic methods and 
a certain vision of atherosclerosis as global vascular disease, 
carotid arteries (easily accessible with US) with evaluation 
of intima media thickness (IMT) and plaques have been 
used as a surrogate of probable concomitant coronary artery 
disease, especially in primary cardiovascular prevention. 
Most likely this is not the case, or at least the relationship 
is far more complicated because it has to do off course with 
the presence of disease but ultimately it has also a lot to 
do with activity of the disease. It is quite undisputable that 
atherosclerosis found in one arterial district, whether it is 
carotid arteries, coronary arteries, aorta, peripheral, often 
is associated with atherosclerosis in one or more other 
districts. The point is that atherosclerosis is a dynamic 
disease that affects different patients in a different way; it 
remains stable for years and at some point in time starts 
progressing or vice-versa; it expresses itself with spikes of 
instability that we observe in one district and not in another. 
Therefore, while we understood already several features 
and mechanisms of natural history of atherosclerosis, we 
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still have poor comprehension of the actual links between 
what we consider the same disease (or at least a very similar 
disease) in different districts. The focus is by default 
concentrated on coronary artery disease and carotid artery 
disease because they are the more prevalent, morbidly and 
deadly districts. 

The title of an editorial by JACC by Prediman Shah “Can 
Carotid Plaque Predict Coronary Plaque?” (69), shows the 
growing interest between the relationship of the carotid and 
coronary atherosclerosis by exploring the differences and 
similarities, with the objective of identifying some features 
that could be used for both organs to modify of risk.

Cohen et al. (70), assessed the relationship between 
carotid artery disease by ultrasound and coronary artery 
disease by coronary CT angiography in 150 subjects and 
they found that the presence of a carotid plaque predicted 
the presence of any calcified coronary plaque (calcium 
score >0) with an odds ratio of 5.4 (P<0.0001). Carotid 
plaque was present in 107 of 150 subjects (71.3%) and of 
these 107 subjects, 28% had no coronary plaque on calcium 
scan whereas the coronary plaque was present in 87 of 150 
subjects (58%) on calcium scan, and of these 87 subjects, 
carotid plaque was present in 77 (87.5%). 

Sub-clinical atherosclerosis

A challenging field of research and clinical implementation 
is how to identify subclinical atherosclerosis and its 
prognostic impact. It is important to underline that even 
if detecting subclinical atherosclerosis could be important 
in terms of risk stratification, until recently there was no 
proof that such detection could be translated into a better 
outcome (69). In the scenario of imaging detection of 
subclinical atherosclerosis, the approach is completely 
different for the analysis of carotid extracranial arteries and 
coronary arteries. 

For carotid artery imaging, probably the most widely 
accepted and performed method to explore the carotid 
arteries is conventional US; the obvious methodological 
advantages of this technique include its totally noninvasive 
nature, lack of any risk, ease of use, and suitability for 
repeated imaging. The target that is considered a marker 
of subclinical atherosclerosis is Intima-Media-Thickness 
(IMT) that is widely demonstrated to be a strong parameter 
for the prediction of clinical cardiovascular events (70,71). 
Moreover, IMT seems to have efficacy in assessing 
progression and regression of atherosclerosis (72).

Different approach is requested for the coronary arteries 

because of the use of conventional US is not possible 
and most of authors suggest the CACS as the reference 
tool for the identification of subclinical atherosclerosis in 
coronary arteries (73). However, CACS has some drawbacks 
including radiation exposure (however lower for CACS that 
CT angiography of coronary arteries) and missing subjects 
with non-calcified plaque.

The latest guidelines on Guideline on the Management 
of Blood Cholesterol from the American Heart Association 
(AHA) and American College of Cardiology (ACC) (74), 
stated for the first time in an actual official guideline 
that: (I) In individuals 40–75 years of age without DM 
and with LDL-C levels ≥70 mg/dL with risk status 
uncertain, consider using CACS to improve specificity; 
(II) In individuals 40–75 years of age without DM and 
with LDL-C levels ≥70 mg/dL, with 10-year ASCVD risk 
7.5–19.9%, if a decision about statin therapy is uncertain, 
consider measuring CACS. If CACS is 0, treatment with 
statin therapy may be withheld or delayed, except in 
cigarette smokers, those with diabetes mellitus, and those 
with a strong family history of premature ASCVD. A CACS 
score of 1 to 99 favors statin therapy, especially in those 
≥55 years of age. For any patient, if the CACS score is ≥100 
Agatston units or ≥75th percentile, statin therapy is indicated 
unless otherwise deferred by the outcome of clinician-
patient risk discussion (Grundy SM et al. JACC 2018). This 
guideline introduces CACS as a decision-making tool for 
modulating statin therapy.

In 2018, the SCOT-HEART (75) trial with 5-year 
follow-up results was also published showing, probably 
for the first time in the history of medicine, that the use 
of Coronary CT Angiography in addition to standard care 
in patients with stable chest pain resulted in a significantly 
lower rate of death from coronary heart disease or nonfatal 
myocardial infarction at 5 years than standard care alone, 
without resulting in a significantly higher rate of coronary 
angiography or coronary revascularization (SCOT-HEART, 
NEJM 2018). This might seem something unrelated to 
subclinical atherosclerosis. Instead, what we could define 
as the “pleiotropic” effect of CT was more evident in the 
population of patient with chest pain and non significant 
obstructive disease. In fact, in this population the evidence 
of coronary atherosclerosis led referring physicians to 
address more aggressively primary prevention strategies 
and the patients to adhere more obediently to physicians’ 
prescriptions. In this study there was no indication given to 
patients or referring physicians concerning the actions to be 
taken based on the results of the diagnostic results.
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This study and other multicenter registries such as 
the CONFIRM (76), in which it has been demonstrated 
that statin are able to improve prognosis in patients with 
non obstructive CAD while they have no effect on the 
prognosis of patients with completely normal coronary 
arteries, support the idea of a imaging guided optimal 
medical therapy which falls in the field of the so-called 
individualized/personalized medicine.

Imaging strategies and future options 

An in-depth analysis of the plaque features that should be 
classified as protective or counter-protective will be the 
main target of cardiovascular imaging in the next years. In 
particular, with the advances of knowledge in the biological 
processes together with evolution in the field of imaging 
technologies it will be possible to perform a detailed and 
tailored risk stratification with therapeutic implications. 

As we previously showed the presence of calcium has 
different value in carotid and coronary arteries, with 
protective effect in the first and increased risk of cardio/
cerebrovascular event for the second. However, it seems 
there are 2 types of calcium with a completely opposite 
risk profile. It is possible that in the near future it would 
be possible to distinguish between these 2 types of 
calcifications. The recent introduction of dual energy CT 
scanners could offer several advantages in the explanation of 
the different profile of risk in carotid and coronary arteries 
calcified plaques by distinguishing between hydroxyapatite 
and calcium oxalate calcifications (and their different profile 
of risk) thanks to spectral analysis. Stabilizing the unstable 
plaque is a key goal in reducing the risk of MI or IS. PET, 
MR and CT and the so-called molecular applications that 
are still in early phases of development and validation; all 
3 modalities (surely PET is more advanced in this field) 
may become able to explore biomarkers of plaque activity 
and stability directly in the coronary/carotid artery wall. 
The development of these probes would allow for not only 
identification of at-risk atheroma but also permit clinicians 
to assess response to medical therapy (statins, anti-
inflammatory drugs).

As a parallel line of research is worth to mention the 
assessment of epicardial fat in the cardiac field. This 
assessment is quite simple to perform and there are 
conflicting evidence on its real potential. More recently it 
has been advocated that the assessment of peri-coronary fat 
might be a surrogate of vessel wall inflammation as detected 
and measure on CCT (77).

The natural history of atherosclerosis is considered to be 
a dynamic process varying from early lesion development to 
more advanced plaques complicated by acute thrombosis. 
In addition, it is not sure nor obvious that coronary 
atherosclerosis and carotid atherosclerosis follow parallel 
natural histories.

Current guidelines for primary prevention lend support 
to the use of statins to treat increased cholesterol in 
individuals who are at increased risk based on conventional 
epidemiological risk scoring systems; however, future 
guidelines might incorporate the recommendation for statin 
treatment in patients with normal cholesterol who are at 
increased risk because of another risk factor or biomarker. 
In fact, nowadays, the Framingham risk score, as well as 
the other epidemiologically derived risk scores, although 
useful in characterizing risk in groups of subjects, leave 
considerable uncertainty, especially in those in the low- to 
intermediate-risk (69). 

The monitoring of plaque features related to the 
increased risk of stroke could represent a critical step to 
verify if the patient continues to belong to a risk class 
or after therapies there is a variation in the class risk. 
It is well known that therapeutic lifestyle modification, 
medical therapy to control risk factors significantly reduce 
atherothrombotic cardiovascular events (69).

Summary and conclusions

Imaging, currently, plays already an important role in 
cardiovascular risk stratification. Thanks to the increasing 
potentialities of intravascular and extravascular imaging 
methods venues are now open to the clinicians and not only 
the identification of the features of plaque vulnerability but 
the monitoring of plaque’s response to the drug therapy is 
possible. 

This represent a critical  step to improving the 
management of subjects with atherosclerotic plaque, by 
checking the condition and structure of the plaque and by 
identifying condition susceptible to reversion of with a risk 
of rupture. 
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