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Abstract 
 

Atherosclerosis is an inflammatory disease that can be generalized, affecting more than 

one arterial bed simultaneously, or localized, manifested in one system. Ultrasound based 

measurements of plaque textural features, such as low grey scale median (GSM), 

echolucent (hypoechoic) plaque types and juxtaluminal black (hypoechoic) area (JBA) 

are manifestation of potentially unstable lesions. Conventional carotid IMT (intima media 

thickness) and the recently introduced IM-GSM (echogenicity of the intima media 

complex) are important measures of subclinical atherosclerosis and are used to predict 

future ischemic events.  

The aims of this thesis were to study, in detail, the systemic nature of atherosclerosis by 

evaluating the carotid disease burden contralateral to symptomatic arteries, determining 

the relationship between proximal (subclinical atherosclerosis) and distal segments (well 

established disease) of the same artery and comparing local plaque features with systemic 

burden of atherosclerosis disease. In addition, the effect of statins on carotid plaque 

echogenicity was evaluated in a systematic review and meta-analysis. 

Methods:  

We have measured ultrasound-based textural carotid plaque features (GSM, JBA, 

entropy, coarseness), surface morphology, as well as IMT and IM-GSM. An in-house 

custom developed research software package was used for plaque feature extraction. For 

the meta-analysis we used Comprehensive Meta-Analysis version 3 software. 

Results:  

Study 1. In 39 patients, the carotid plaques contralateral to symptomatic arteries had 

similar morphological and textural features to those in the symptomatic arteries and are 

more vulnerable than those in asymptomatic arteries; more often mildly or markedly 

irregular with more vulnerable textural plaque features (lower GSM and larger JBA). 

Study 2. In 87 asymptomatic patients, an increased IMT in CCA correlated with plaque 

irregularities in the bifurcation and ICA while IM-GSM was closely related to plaque 

echogenicity (GSM), and other textural plaque features.  

Study 3. In the same cohort in study 2, patients with previous disease in the coronary 

arteries had higher IMT and lower IM-GSM and those with prior stroke had lower IM-
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GSM. Neither IMT nor IM-GSM was different between patients with and without 

previous lower extremity disease. IM-GSM decreases significantly with increasing 

number of arterial territories p<0.001 (asymptomatic vs symptoms in one vs multiple 

arterial systems) but conventional IMT was not different between groups p=0.49.  

Study 4. In a meta-analysis of 9/580 identified studies including 566 patients with 7.2 

months follow-up, a consistent increase in the carotid plaques echogenicity after statin 

therapy, was reported. The perpetual (over 12 months) effects of which were shown in a 

meta-regression analysis to be related to changes in hsCRP. 

 
Conclusion:  

Symptomatic patients have similar plaque morphology and textural features of 

vulnerability in the contralateral carotid system, compared with asymptomatic ones. In 

the latter, measurements of proximal disease reflect distal pathology and the number of 

affected arteries. Finally, statin therapy and the drop of LDL cholesterol result in better 

plaque stability and optimum control of arterial inflammation, shown by arterial wall 

echogenicity and hsCRP changes, respectively. 

 
Key words: atherosclerosis, carotid ultrasound, plaque features, grey scale median, 

juxtaluminal black area, surface plaque morphology, statins 
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Abbreviations  
ACAS - Asymptomatic Carotid Atherosclerosis Study 
ACSRS - Asymptomatic Carotid Stenosis and Risk of Stroke 
ACST - Asymptomatic Carotid Surgery Trial 
ANSYSCAP - Additional Neurological SYmptoms before Surgery of the Carotid 
Arteries 
ARIC - Atherosclerosis Risk in Communities 
BMT - best medical treatment 
CAS - carotid artery stenting 
CAV - cardiovascular  
CCA - common carotid artery 
CEA - carotid endarterectomy 
CEUS - contrast enhanced ultrasound 
CV - cerebrovascular 
CT - Computed tomography 
CTA - computed tomography angiography 
DSA - digital subtraction angiography 
ECST - European Carotid Surgery Trial 
GSM - Grey scale median 
HDL - high density lipoprotein 
ICA - internal carotid artery 
IMT - intima-media thickness 
IM-GSM - intima-media grey scale median 
IPH - intraplaque hemorrhage 
IVUS – intravascular ultrasound 
JBA - Juxtaluminal black area 
LDL - low density lipoprotein 
MDCT – multidetector computed tomography 
MI - myocardial infarction 
MRA - magnetic resonance angiography 
MRI - magnetic resonance imaging 
NASCET - North American Symptomatic Carotid Endarterectomy Trial 
OCT – optical coherence tomography 
OR - odds ratio 
PET - positron emission tomography 
PT - plaque type 
RF-IVUS – radiofrequency intravascular ultrasound 
RR - relative risk 
TCFA – thin cap fibroatheroma 
US - ultrasound 
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INTRODUCTION 
 

Atherosclerosis is a chronic inflammatory disease, which can lead to life-threatening 

cardiovascular and cerebrovascular events such as myocardial infarction (MI) or 

ischemic stroke (IS). It could simultaneously affect different segments of the same 

artery and also different arterial systems. The majority of ischemic events derive from 

the rupture or erosion of atherosclerotic plaque, with a superimposed thrombus. This 

may completely occlude the lumen (the commonest pathomechanism in MI) or may 

embolize and occlude a distal arterial branch (as in IS) (1). The risk of atherosclerotic 

plaque rupture is not necessarily related to stenosis severity, a dissociation that was 

shown in many studies (2, 3) and clinical trials. Furthermore, it has been shown that 

statins markedly reduce acute ischemic events (4) with only modest reduction in the 

degree of stenosis (5). There is a growing awareness that plaque features, such as: thin 

cap fibroatheroma, large necrotic core, composition, intra-plaque hemorrhage and 

intimal microcalcifications, could have additional value over and above the severity 

of stenosis. Thanks to advances of invasive and non-invasive imaging modalities 

these plaque features could now be visualized and quantified, and this is important in 

identifying patients at increased risk from future ischemic events. Furthermore, these 

features could be good markers for monitoring patients’ response to medical therapy.  

 

Epidemiology  

 

Despite recent advances in medical diagnosis and intervention, atherosclerosis 

remains the most important cause of death in the developed countries (6, 7). In the 

United States, coronary artery disease causes more than 400,000 deaths annually. 

Cerebrovascular diseases are the second leading cause of death worldwide. Although 

the data vary among countries, based on WHO data, the global incidence of stroke 

was estimated to be around 200 cases per 100.000 population. In a review of 

population based studies, the incidence varied from 130 to 410 cases per 100.000 

person-years, with the highest rate in Japan and lowest in UK, Germany and New 

Zealand. In United States, approximately 795,000 people experience a new or 

recurrent stroke annually, with 610,000 cases reported as first attacks, and 185,000 as 

recurrent attacks. When gender difference was analyzed, a higher incidence for males 
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was confirmed in all studies. Even though atherosclerosis disease with its 

consequences are currently more prevalent in developed countries, contemporary 

predictions estimate that by 2030 more than 23.3 million persons will die annually 

from related cardiovascular disease (8).  

 

Risk factors 

 

The most accepted risk factors for atherosclerosis are: diabetes mellitus, hypertension, 

smoking, older age, obesity, raised low-density lipoprotein and low high-density 

lipoprotein cholesterol levels (9). Studies suggested that conventional CV risk factors 

have different impact in different arterial systems, with hypertension being 

particularly important in ischemic stroke, cholesterol in CAD, whereas smoking and 

diabetes in intermittent claudication (10, 11). Better understanding of these artery-

specific risk factors should assist in optimum disease prevention. In addition, other 

risk factors have been recently recognized such as obesity, chronic infection, high 

sensitivity-C-reactive protein (hs-CRP) and insulin resistance (HbA1c), which remain 

to be determined. Many studies have shown that the prevalence of carotid and 

coronary atherosclerosis increase exponentially with age, and is more prevalent in 

men than women (12). Also, the median age of MI and stroke is lower in males, 

however, younger females have worse survival after MI compared with males (13, 

14). In addition, after the age of 64 years no gender difference for ischemic heart 

disease seems to exist, whereas females have poorer short and long-term outcomes 

after stroke, independent of age and other covariates (15). 

 

Pathogenesis of atherosclerosis  

 

The term, atherosclerosis consists of two parts; atherosis (accumulation of fat 

accompanied by several macrophages) and sclerosis (fibrosis layer comprising 

smooth muscle cells [SMC] and connective tissue). Atherosclerosis starts early in life 

in the form of endothelial dysfunction, which allows lipid and inflammatory cells 

accumulation within the arterial wall. The disease evolution could be gradual and 

stable (as in the case of stable angina) or more aggressive, causing abrupt occlusion of 
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the arterial lumen in situ or artery-to-artery embolization (as in the case of MI and 

stroke) (16).  

 

Disease location  

 

Atherosclerosis of the arteries supplying the central nervous system is a frequent 

cause of ischemic strokes and transient ischemic attack (TIA), those supplying the 

heart cause MI and angina and in the peripheral circulation, atherosclerosis causes 

intermittent claudication and gangrene. Even within a particular arterial system, 

stenosis due to atherosclerosis tends to affect certain predisposed regions, usually the 

branching parts, e.g. carotid artery bifurcation. In some patients, atherosclerosis 

pathology could affect many arterial systems simultaneously, and this is considered as 

a sign of aggressive disease and patient’s vulnerability (17).  

 

Pathophysiology 

 

The evolution of atherosclerosis disease involves a combination of endothelial cell 

dysfunction, extensive lipid accumulation in the intima followed by accumulation of 

inflammatory cells, proliferation of vascular smooth muscle cells and remodeling of 

the extracellular matrix, resulting in the formation of an atherosclerotic plaque.  

The predilection of the disease at the branching points of the arteries could be 

explained by the disturbed blood flow at these regions. In a non-branching artery, 

pulsatile laminar shear of blood flow augments the production of nitric oxide by 

endothelial cells. This molecule has vasodilatory and anti-inflammatory properties by 

limiting local adhesion molecule expression (18). Dysfunction of the endothelial cells 

allows accumulation of LDL particles and inflammatory cells inside the arterial wall.  

Upon accumulation into the intima, monocytes mature to macrophages. These cells 

then start to uptake LDL particles and become lipid-laden foam cells. Foam cells 

formation corresponds with the initial lesions visible on the luminal wall as fatty 

streaks. The release of the cytokines by the macrophages will augment more 

inflammatory cells and also initiate the migration of smooth muscle cells from tunica 

media to the intima. This process is followed by degradation of the extracellular 

matrix and apoptosis of the foam cells, which results in the formation of necrotic core. 



	  4	  

Apoptotic cells and necrotic core material together with extracellular matrix may act 

as nidus for microscopic calcium granules, which can subsequently expand to form 

larger nodules and plates of calcium deposits (19).  

 

In addition to macrophages, other inflammatory cells, such as T-cells, are recruited in 

the atherosclerosis process. In the later phases of the disease, inflammatory cells 

could also be recruited after the rupture of the new vessels developed following a 

process of neovascularization. Activated T-cells secrete cytokines that inhibit the 

production of interstitial collagen, which is mandatory for maintaining the plaques 

protective fibrous cap. T cells also cause overproduction of interstitial collagenases 

(matrix metalloproteinases) that catalyze the collagen breakdown, which makes the 

fibrous cap more fragile and could lead to plaque rupture. Following plaque rupture, 

blood elements (platelets and coagulation proteins) get in direct contact with the lipid 

core and other constituents of the atherosclerotic plaque (collagen and tissue factor) 

promoting thrombosis (Figure 1) (20). Of note, during the initial steps of the 

atherogenesis, the atheroma grows outwardly, towards the adventitia, preserving the 

caliber of the lumen, this phenomenon is often prescribed as outward (positive) 

remodeling, and is responsible for the tendency of carotid conventional angiography 

to underestimate disease burden (21, 22).   
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Figure 1. The pathophysiology of atherosclerosis. 1 - Endothelial dysfunction and 
accumulation of LDL inside arterial wall. 2 - Monocyte migration into intimal layer.  
3 - Monocyte conversion to mature macrophages. 4 - Foam cell formation. 5 - 
Migration of SMC from media to intima. 6 - Neovascularization and intraplaque 
hemorrhage. 7 - Apoptosis and necrotic core formation. 8 - Plaque rupture with 
superimposed thrombosis 
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Plaque vulnerability	  

 
The vulnerable plaque is a concept used to determine plaques at high risk of 

thrombosis by any mechanism (rupture, erosion) and sometimes, to describe a set of 

histological features that by association are assumed to increase the risk of rupture 

and thrombosis. The most accepted features of the vulnerable plaque include: thin cap 

fibroatheroma (<64nm), large lipid core (>40% of plaque volume), intimal spotty 

calcification (as opposed to a calcified plaque cap), positive remodeling, intraplaque 

neovascularizations and intraplaque hemorrhage (23). The prototypical vulnerable 

(rupture-prone) plaque is a thin cap fibroatheroma (TCFA) infiltrated with 

macrophages covering a large necrotic core (24). However, not each ruptured plaque 

causes symptoms, there is evidence of multiple plaques that underwent rupture in a 

particular arterial system, but only one lesion was found to be a culprit lesion causing 

an ischemic event (25). Moreover, fibrous caps may show evidence of multiple 

ruptures and subsequent healing, despite lack of symptoms (25, 26). These findings 

support the recent appreciation of atherosclerosis as a dynamic pathology, with silent 

and stable plaques suddenly acquiring vulnerable characteristics followed by rupture. 

To better understand this unstable atherosclerotic pathophysiology, accurate 

longitudinal non-invasive arterial imaging able to detect vulnerable plaques and 

assess their response to various medications is of immense importance.  

 

Imaging atherosclerosis 
 

For many years conventional angiography had been the main imaging modality of 

atherosclerosis that revolutionized the diagnosis and management of significant high-

grade arterial stenotic lesions (21). However, the technique allows only the silhouette 

of the arterial lumen to be visualized, leaving the structures beyond the stenosis 

unrecognized. With the introduction of non-invasive technologies such as: ultrasound 

(US) (27, 28), computed tomography (CT) (29), magnetic resonance imaging (MRI) 

(30), positron emission tomography (PET)	   (31), it has become possible to visualize 

plaque composition, positive remodeling and other features in addition to the severity 

of stenosis (Table 1) (32). 
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Table 1. Improvement of plaque features visualization using different imaging 

modalities and their modified imaging techniques  

 

Imaging 
modality Vulnerable plaque features Vulnerable plaque features assessed using 

modified imaging techniques 
  Plaque composition  Inflammation (N1177-specific contrast agent) 

MDCT  
Positive wall remodeling  

	  	    
Plaque area  

MRI 

Plaque composition Neovascularization (Gadoflourine M or 
gadolinium) 

Intraplaque hemorrhage Inflammation (Iron oxide nanoparticle) 

US 

Echogenicity  Echogenicity quantification (GSM, PT) 

Plaque area 
 
Plaque volume  
 

Surface plaque irregularities Neovascularization (microbubbles contrast) 

  

IVUS	  

Positive wall remodeling  Plaque	  composition	  (RF-‐IVUS)	  
 
TCFA Neovascularization	  (microbubbles	  contrast)	  

Plaque area 
	  
Extent	  of	  plaque	  behind	  calcium	  nodule	  (RF-‐
IVUS)	  

OCT	  
TCFA Inflammation	  
 
Intimal spotty calcifications 

 
Neovascularization (OCT-Doppler) 
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Ultrasound 

 

Ultrasonography (US) is now a well-established imaging modality for first-line 

diagnosis of carotid artery disease. This non-invasive technique is readily available, 

rapidly applicable, radiation free, and can be performed at relatively low cost. It has 

been successfully adopted for identifying characteristics of high-risk plaques in 

patients with atherosclerosis. High frequency linear transducers (>7 MHz) are ideal to 

assess the disease location and to evaluate plaque morphology, whereas lower 

frequency linear transducers (<7MHz) are preferred for Doppler examinations.  In 

addition, US can be used to assess initial, subtle wall alteration in the early stages of 

the disease progression, the thickness of carotid wall known as intima-media 

thickness as well as its composition (33, 34).  

 

Evaluation of degree of stenosis  

 

In previous decades, the severity of carotid artery disease was determined by 

angiographic measurement of stenosis and luminal diameter. The degree of stenosis 

was used as the main parameter to select patients eligible for carotid endarterectomy 

(CEA) in the three large multi-center randomized studies: NASCET (North American 

Symptomatic Carotid Endarterectomy Trial), ECST (European Carotid Surgery Trial) 

and ACAS (Asymptomatic Carotid AtheroSclerosis Group) (35-38).  

In both NASCET and ECST trials, stenosis severity was determined by conventional 

angiography, since CTA and MRA were not available at that time. Subsequently, 

studies intended to standardize the degree of stenosis measured by angiography by 

using velocities evaluated by duplex ultrasound (39). However, as the angiographic 

measurement of the carotid stenosis differed between ECST and NASCET, mostly 

due to different arterial reference (distal ICA for NASCET and ICA lumen for 

ECST), there has been some uncertainty regarding the relationship between the flow 

velocity measured by ultrasound and the angiographically measured degree of 

stenosis (40).	   

Two approaches were adopted to quantify the degree of carotid artery stenosis using 

duplex ultrasound (DUS): 1) morphological and 2) Peak-Systolic-Velocity (PSV) 

values. The morphological analysis is based on the ratio-percent method for the 
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quantification of stenosis degree. On the other hand, PSV evaluates the maximum 

peak of systolic velocity at the plaque site, in the affected vessel (41). It is widely 

accepted that average Doppler velocity rises proportionally with the degree of 

stenosis; hence flow velocity is commonly used to evaluate the severity of carotid 

stenosis and to plan the consequent diagnostic and therapeutic approach. In general, 

the diagnostic accuracy of DUS has been shown to be more than 90% when 

performed by experienced operators (39). However there are some controversial data 

regarding the value of PSV that corresponds to a 70% NASCET stenosis degree. Saba 

et al. (42) found that the PSV threshold for a NASCET stenosis ≥70% was 283 cm/s, 

which was higher compared to 220 cm/s defined by Heijenbrok-Kal et al.	   (43) and 

230 cm/s as defined by Grant et al. (44). 

 

Even though the diagnostic accuracy of DUS is high when compared to angiography 

it has some drawbacks because the increased resistance and turbulence can affect the 

flow velocity. Other situations that may reduce the flow velocity include: impaired 

cardiac function and good intracranial collateral compensation (45). On the other 

hand, when there is more severe contralateral stenosis or occlusion, an increased 

volume flow and flow velocity can overestimate the exact stenosis severity (46). 

Overall, flow velocity measurements with ultrasound should be combined with 

assessment of plaque burden on 2D picture. Currently, the severity of carotid stenosis 

is merely used as the only imaging marker for stroke risk stratification (47). Other 

imaging parameters such as plaque morphology and echogenicity are probably of 

increasing importance concerning the vulnerability of the atherosclerotic plaque. 

 

Plaque morphology and vulnerability 

 

Apart from the degree of stenosis, plaque morphology has emerged as an important 

contributing factor for stroke risk stratification. Ultrasound studies found that 

echolucent plaques and those with surface irregularities are more often associated 

with the occurrence of neurological symptoms than echogenic and smooth 

morphology ones (48, 49).   
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Surface plaque irregularities and plaque ulceration 

Based on their surface morphology, carotid plaques are classified as smooth and 

regular, mildly irregular, markedly irregular and ulcerated plaques. The presence of 

plaque irregularities can represent clinically silent but potentially hazardous lesions, 

independent of the degree of stenosis. Plaque irregularities can be detected by 

invasive (angiography) or noninvasive (DUS, CTA or MRA) imaging modalities. 

Most studies used a cut-off of 0.4 mm for height variations along the contour of the 

lesion to discriminate moderate from severe irregularities (Figure 2). Using 

ultrasound, ulcerations are defined as those meeting three criteria: the recess must be 

2 mm deep and 2 mm long at least, have a well defined wall at its base and exhibits an 

area of reversed flow within the recess or a zone of low flow signal at the level of the 

recess.  

 

Figure 2. Different categories of surface plaque irregularities 
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The sensitivity and specificity of DUS in detecting plaque ulceration has been shown 

to be 92.9% and 81.9%, respectively. MRA shows a slightly better specificity and 

sensitivity (50), however, its high cost is a serious drawback. In addition, recent 

results revealed that 3D ultrasound has higher accuracy in identifying plaque 

irregularities compared to Doppler US (51). Several studies have shown the 

association between carotid surface plaque irregularities and the development of 

cerebrovascular events (48, 52). Patients with plaque ulceration and or markedly 

irregular plaques detected by US have a 4.4-fold increase in the risk of stroke 

development, on multivariate analysis. (48). In addition, two other studies have 

demonstrated that, independent of the degree of lumen stenosis, carotid plaque surface 

irregularities and ulceration constitute a stronger predictor of the development of 

cerebrovascular symptoms compared to a smooth carotid plaque producing significant 

stenosis (53, 54).  

 Plaque composition 

Plaques may histologically be described as fibrosed, fibro-fatty, fatty, hemorrhagic, 

necrotic or calcified (55). The different biochemical structure, internal architectural 

arrangement or physiological state of normal vs. diseased tissue can affect the 

physical properties of the tissue, thus enabling defining tissue characterization by 

different imaging modalities. Although different imaging modalities have been used 

to determine carotid plaque composition, e.g. MDCT and MRI, carotid ultrasound 

remains the one most widely used that allows characterization of carotid plaques by 

its echogenicity, defined as reflection of the ultrasound signal. Using ultrasound, 

tissue characterization of the carotid plaques can be performed using: visual 

assessment, software-assisted videodensitometry after imaging normalization, and 

backscatter analysis of native radiofrequency signal (56).  

Early on, there was an attempt to differentiate plaque features visually based on their 

echogenicity. Various classifications were proposed to characterize carotid plaques 

using ultrasonography into; homogenous, having uniform high- or medium-level 

echoes, and heterogenous, having high-, medium-, and low-level echoes and 

containing areas with echogenicity similar to that of blood, as introduced by Reilly et 

al. (57). Furthermore, Johnson et al (58) classified plaques into calcified, dense or 

soft, and the Gray-Weale classification described 4 plaque types, from dominantly 
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echolucent with a thin, echogenic cap to dominantly echogenic with small areas of 

echolucency, through 2 types of mixed echogenicity (59).  

 

The plaque type classification, widely used today, is that introduced by Geroulakos et 

al, which divides plaques into 5 types: 

 

Type I: uniformly echolucent plaques with or without a thin echogenic cap. 

Type II: predominantly echolucent plaques with less than 50% echogenic areas. 

Type III: predominantly echogenic plaques with less than 50% echolucent areas. 

Type IV: uniformly echogenic plaques. 

Type V: plaques which cannot be classified due to heavy calcification producing 

acoustic shadows (60).   

 

However, this method of plaque characterization had many limitations in view of its 

subjective way of assessment rather than objective measurement. Therefore, el-

Barghouty et al in 1995 introduced the new approach of computer assisted grading of 

the echogenicity of the carotid plaque (61).  

 

Computer assisted videodensitometric carotid plaque tissue characterization 

 

The operator-dependent, subjective method of visual plaque characterization has been 

a major concern in the recent years. Therefore, a new method has been developed 

using computer-assisted analysis and providing a more quantitative and operator-

independent assessment of plaque echogenicity. The best B mode images of carotid 

plaques captured through the examination are transferred from the ultrasound 

machine to a computer for further image standardization and analysis, performed 

using Adobe PhotoshopTM Version 3.0 or MATLAB based algorithms. 

 

The protocol of image normalization and analysis follows 5 different steps: 

1. The color information in the image has to be omitted so that all the processing and 

analysis performed on images to be in grey mode. 
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2. An area in the blood (free of noise) to be selected. Using the histogram facility in 

the program, the median value of the grey levels of all the pixels (grey scale median; 

GSM) is obtained. 

3. Similarly part of the adventitia is selected and measurements of GSM are made at 

the brightest part of the adventitia on the same arterial wall as the plaque. 

4. Image normalization and algebraic scaling of the whole image is performed using 

the "curves" facility of the software. This is linear and based on the two reference 

points: blood and adventitia. The scale is adjusted so that the grey value of the blood 

would be in the region of 0-5 and that of the adventitia in the region of 185-195. Thus 

the grey values of all pixels would change as defined by this new linear scale.  

5. Analysis of echoic features in plaques. In normalized images, the plaque is outlined 

and the following measurements are obtained:	  (62) 

 

Grey Scale Median (GSM): defined as the median of overall grey shades of the 

pixels in the plaque. 

 

Entropy: defined as the degree of disorder or dissimilarity of grey values; a largest 

value is obtained when the plaque is non-homogenous and has a non-recognizable 

pattern (63).  

 
Coarseness: defined as a measure of the variability of grey scale difference and hence 

coarseness of texture. A large value of contrast indicates large variation in grey values 

of the pixels (64).  

 

Plaque type: Plaques are classified automatically by the software into the following 

types according to the modified Geroulakos classification: (60) 

a) Type 1, uniformly echolucent (black) and < 15% of pixels in the plaque 

area with values > 25;  

b) Type 2, mainly echolucent and pixels with grey-scale values > 25 

occupying 15–50% of the plaque area;  

c) Type 3, mainly echogenic and pixels with grey-scale values >25 occupying 

50–85% of the plaque area; and  
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d) Type 4, uniformly echogenic and pixels with grey-scale values >25 

occupying >85% of the plaque area. 

Besides, there are other measurements/parameters recently developed assessing 

plaque tissue characterizations, such as: 

 

Discrete white areas (DWA): The presence of discrete white areas was defined as 

areas with pixels having grey scale values >124 (colored red by the software) that 

does not produce acoustic shadowing in plaque types 1 to 3. An association between 

DWA and Stroke/TIA risk has already been shown (54).   

 

Juxtaluminal black area:	  JBA is defined as black area when it is close to the lumen 

without visible echogenic cap (65). This feature has been shown to correlate with the 

necrotic core in studies that correlated US imaging with histology (66).  

 

Reproducibility and validity 

 

Several studies have shown the good reproducibility for GSM measurements (67-69) 

indicating that it is a robust method for the assessment of plaque characteristics. 

However, when comparing two software packages “Adobe Photoshop” and “Artery 

measurement Software” there is a significant difference in absolute GSM values, even 

though the results are highly correlated and the agreement between the two methods is 

good (67).  

 

Radiofrequency analysis 

 

Radiofrequency analysis or integrated backscatter (IBS) is a more technologically 

demanding “third generation” approach, commercially developed over the last 15 

years and is theoretically considered the most accurate, since the native ultrasound 

signal is sampled upstream to the video display, and is not distorted by the post-

processing function of the imaging chain (56, 70).  

The system is calibrated with blood equals to 0 decibels (dB) and the optimal artificial 

reflector to 50 dB. Along with this setting the lipid-hemorrhagic plaques remain 

below 14, fibrous and fibro-fatty plaques between 14 and 26, and calcific plaques 
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above 27. Again, the radiofrequency approach is considered the best quantitative 

however, the other approaches are also able to provide clinically valuable information 

for in vivo characterization of the atherosclerotic plaques using ultrasound technology 

(56, 70).  

 

Ultrasound carotid plaque tissue characterization vs. histology 

 

Vulnerable, high-risk plaques are characterized not only by having a larger plaque 

burden but also for having higher content of lipids, with necrotic cores due to invasion 

of lipid pools by macrophages and other inflammatory cells covered by a thin fibrous 

cap; with speckled micro-calcification and the luminal contours may be irregular 

rather than smooth. These histological features have various patterns of backscatter 

which are affected by the degree of acoustic attenuation, angular variability, spatial 

texture, neo-vascularization and homogeneity of the spatial grey-level distribution. 

 

While, histological characterization can identify features associated with plaque 

instability, there has been inconsistent correlation between preoperative imaging 

visual plaque feature characterization and post-operative (histological) plaque 

analysis. Kardoulas et al (1996) presented inconsistency of ultrasound plaque features 

such as, plaque surface regularity, irregularity, ulceration and plaque haemorrhage 

with plaque pathology (71). However, these US features were of clinical importance 

in identifying an asymptomatic high-risk subgroup of patients that might benefit from 

surgical treatment. 

 

The grey scale median (GSM) measurement combined with color mapping of the 

carotid plaques have been shown to adequately correlate with the different 

histopathological components and thus allow relatively accurate identification of 

determinants of plaque instability (27). El-Barghouty et al. reported that a high 

fibrous content of plaques was associated with a high GSM and high hemorrhage and 

lipid content with a low GSM on histology, and the computerized measurement of 

carotid plaque echogenicity could be used to predict plaque composition (72). Szajtel 

et al. (2005) showed that a quantitative analysis of plaque echogenicity using GSM 

measurement provided a good correlation with histological findings and also allowed 
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identification of some characteristics suggesting plaque instability such as the 

thickness of the fibrous cap or the juxtaluminal position of the necrotic core (66). 

Salem et al. demonstrated that an echolucent plaque (GSM <25), a large juxtaluminal 

black area (>6 mm2), and a large plaque area (>95 mm2) significantly predicted an 

unstable carotid plaque by histology (73). Furthermore, carotid plaque echogenicity, 

as quantitatively assessed by IBS analysis, have been shown to correlate well with the 

histologic contents of the plaques (74).   

 

Why it is important to objectively perform tissue characterization of the carotid 

plaque? 

 

Observational studies have shown a clear relationship between low GSM and 

ischemic events and increased brain microembolisations (75) and it tends to increase 

with statins (76). Furthermore, carotid plaque echolucency measured by GSM has 

been shown important in planning the treatment procedure. Moreover, carotid plaque 

echolucency with a GSM <25 increased the risk of stroke in carotid artery stenting 

(77). Despite that, controversies remain regarding the accuracy of such value in 

differentiating symptomatic from asymptomatic plaques with GSM values ranging 

between 15 up to 75 (78-80). A sound explanation of such controversies is because of 

nature of the GSM measurement of the median brightness of the whole atherosclerotic 

plaque and therefore may not necessarily reflect the presence of particular regional 

components. It has recently been demonstrated that a stratified GSM assessment, 

analyzing each millimeter from the surface to the bottom of the plaque combined with 

color mapping could predict plaque histology better than usual overall GSM 

measurement (81). Using this method, a profile of the regional GSM as a function of 

the distance from the plaque surface could be generated.  

 

Plaque neovascularization and intraplaque hemorrhage 

 

The vasa vasorum consists of small blood vessels that supply the arterial wall with 

nutrients and oxygen. They are predominantly located in the adventitial layer, but 

factors such as hypoxia and inflammation may stimulate the extent and distribution of 

the vascular network within the arterial wall (82). Histological studies have confirmed 
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a network of microvessels within atherosclerotic lesions, known as intraplaque 

neovascularization (IPN), which originate from the adventitia and extend to the media 

and intima (83). IPN is regarded as a marker of the vulnerability of carotid plaque as 

it increases the risk of rupture (84) causing intraplaque hemorrhage or creating 

immature microvessels responsible for trafficking inflammatory cells inside the 

plaque (85). DUS is not able to identify these small microvessels inside the plaque on 

its own, however, using a microbuble based contrast, contrast enhanced ultrasound 

(CEUS) has made its visualization possible. The hypothesis was based on the ground 

that microbubles remain only in the vascular lumen, thus when seen inside the plaque, 

they enable identification of intraplaque neovessel (86). The CEUS identification of 

intraplaque neovessels has been confirmed against histology in many studies (28) 

(Figure 3). On the other hand, intraplaque hemorrhage could be associated with low 

echogenic areas within the plaque or they can be suspected during follow-up imaging 

in case the plaque enlarges abruptly.  

 

	  
Figure 3. Usefulness of the different imaging modalities for differentiating vulnerable 

and stable plaques in carotid and coronary arteries 
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Imaging subclinical atherosclerosis in carotid arteries 
 

 Carotid intima-media measurements 

 

Intima media thickness of the carotid artery (c-IMT) is associated with several 

cardiovascular risk factors and manifest cardiovascular and cerebrovascular disease. 

C-IMT measured by B-mode US of the carotid artery is defined as the distance 

between the lumen-intima interface and the media-adventitia interface	  (87). C-IMT is 

best visible in the far wall of the distal segment of the common carotid artery with 

high reproducibility. There are several large prospective studies, each including more 

than 1000 participants, which evaluated the c-IMT in predicting coronary artery 

disease (Table 2) and stroke (Table 3). The ARIC (Atherosclerosis Risk in 

Communities) study (88) indicated that in middle-aged patients for every 0.19 mm 

increment of c-IMT, the risk for MI or sudden cardiac death increases by 36%. C-

IMT measurements also improved traditional risk factors for prediction of CV events. 

In particular, among intermediate-risk patients, the addition of c-IMT and plaque 

information led to clinical net reclassification improvement of approximately 9.9% 

(89). Likewise, statins trials have consistently shown that a regression in c-IMT is 

associated with a reduction in CV events (90), particularly in patients with intensive 

therapy (91). However, different studies have used different cut-offs for defining the 

c-IMT (Table 2 and 3). There are some suggestions to define abnormal c-IMT as an 

absolute value of ≥1mm, or c-IMT at the upper quartile or upper tertile, but the most 

accepted definition is the IMT higher than 75th percentile for age, gender and ethnicity 

(87). Recently, a meta-analysis showed that c-IMT does not add clinically important 

incremental prediction over traditional cardiovascular risk factors (92). Even, adding 

c-IMT to the Framingham risk score did not improve risk prediction in diabetic 

patients (93). Furthermore there are assumptions indicating that increased IMT 

represents intimal hyperplasia and fibro-muscular hypertrophy rather than lipids 

accumulation in the intimal layer. The presence of carotid artery plaques has been 

shown to be a better predictor than c-IMT (89) (Table 2 and 3). However, there was a 

need to find other imaging markers for patients’ vulnerability, measurement of which 

could be implemented to all patients, because plaque presence is not very frequent, 

even in intermediate risk patients, or it may rely on distal assessment where US 
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imaging is limited. Nevertheless, recently new carotid artery wall measurement that 

quantifies the echogenicity of the intima media complex (IM-GSM) has been 

introduced. This provides a description of tissue composition of the intima and media 

layers of the arterial wall and seems to be a sensitive marker of arterial wall disease 

that could discriminate between adaptive and pathological intimal thickening. While 

the GSM of plaques was studied against histology, the IM-GSM has to be evaluated 

and the prognostic impact of this new variable has to be investigated. Indeed, there 

are studies that confirmed the association of IM-GSM with several risk factors not 

related to IMT, such as dyslipidemia, oxidative stress and inflammation, the results of 

which need further investigation in prospective clinical setting. The Prospective 

Investigation of the Vasculature in Uppsala Seniors (the PIVUS study) (94), a 

population-based cohort study demonstrated a close relationship between IM-GSM 

and plaque GSM being independent of small plaque size. However, this relationship 

was not examined in patients with large and highly stenotic plaques. Moreover, 

PIVUS group, in a community-based cohort study of elderly men, has found that IM-

GSM was a significant predictor of both all-cause and cardiovascular mortality (95). 

According to these findings, IM-GSM could be an important and easily measurable 

characteristic of the carotid artery wall that could be obtained in most subjects. The 

predictive information offered by an echolucent IM might add important information 

above and beyond c-IMT. 
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Table 2. Prospective studies evaluating carotid intima-media thickness and plaque 
presence for stroke prediction 
 

Study/year Subjec
ts (n) 

Age 
(y) 

Female 
% 

Follow-
up (y) 

Subclinical 
marker 

Cut-off 
point for 

IMT 
RR (95% CI)* 

O’Leary et al., 
1999(96) 4476 >65 39 6.2 Maximum 

IMT 
Highest 
quintile 2.13 (1.38-3.28) 

Lorenz et al., 
2006(97) 5056 19-

90 50 4.2 Mean IMT 0.16 mm 
increase 1.11 (0.97-1.28) 

Chambless et 
al. 2000 (98) 
 14,214 45-

64 55 7.2 Mean IMT 0.18mm 
increase 

F: 1.32 (1.10-
1.58) 

	   	   	   	   	   	   	   M: 1.38 (1.16-
1.65) 

Kitamura et 
al., 2004 (48)  1289 60-

74 0 4.5 Maximum 
IMT 

Highest 
quartile 4.9 (1.9-12.0) 

Kitamura et 
al., 2004 (48) 1289 60-

74 0 4.5 Plaque 
presence N/A 3.2 (1.4-7.1) 

Prabhakaran et 
al., 2007 (99) 
 

1938 >40 59 6.2 Plaque 
presence N/A 3.1 (1.1-8.5)# 

Chien et al. 
2008 (100) 
 

2190 >35 55 10.5 Maximum 
IMT 1SD 1.47  (1.28-1.69) 

RR* - adjusted relative risk 
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Table 3. Prospective studies evaluating carotid intima-media thickness and plaque 
presence for myocardial infarction prediction 

Author/year Subjects 
(n) 

Age 
(y) 

Femal
e % 

Foll
ow-
up 
(y) 

Subclinical 
marker 

Cut-off 
point for 

IMT 
RR (95% CI)* 

Salonen et al., 1991 
(101) 
 

1288 42-60 0 ~2 Plaque 
presence N/A 4.15 (1.50-11.47) 

Salonen et al., 1991 
(101) 
 

1257 42-60 0 3 Maximum 
IMT 

0.11mm 
increase 1.11 (1.06-1.16) 

Chambless et al., 
1997 (88) 
 

12,841 45-65 57 5.2 Mean IMT 0.19mm 
increase F: 1.46 (1.22-1.74) 

	   	   	   	   	   	   	   M: 1.08 (0.91-1.17) 

O’Leary et al., 1999 
(96) 
 

4476 >65 39 6.2 Maximum 
IMT 

Highest 
quintile 2.46 (1.51-4.01) 

Hunt et al., 2001 
(102) 12.375 45-64 54 7 Plaque 

presence N/A 2.02 (1.42-2.41) 

van der Meer et al., 
2004 (103) 
 

6389 >55 62 7 to 
10 

Maximum 
IMT 

Highest 
quartile 1.95 (1.19-3.19) 

Johnsen et al. 2007 
(104) 
 

6226 25-84 44 6 Mean IMT Highest 
quartile 2.86 (1.07-7.65) 

Chien et al. 2008 
(100) 
 

2190 >35 55 10.5 Max IMT 1SD 1.38 (1.12-1.70) 

Cournot et al. 2009 
(105) 
 

2561 51.6=1
0.5 38.2 2 to 

10 Mean IMT >0.63 2.26 (1.35-3.79) 

Cournot et al. 2009 
(105) 
 

2561 51.6=1
0.5 38.2 2 to 

10 
Plaque 

presence N/A 2.81 (1.84-4.29) 

Plichart et al. 2011 
(106) 
 

5895 65-85 62.9 5.4 Plaques >2 
sites N/A 2.2 (1.6-3.1) 

Plichart et al. 
2011(106)# 
 

5895 65-85 62.9 5.4 Mean IMT Fifth 
quintile 0.8 (0.5-1.2) 

Jeboah et al. 
2012(107) # 

6814 45-84 33.3 7,6 Mean IMT N/A 1.17 (0.95-1.45) 

Polak et al. 2013 
(108) 

6562 61.1=1
0.2 52.6 7.8 Plaque 

presence N/A F: 1.67 (1.33-2.10) 

  
            M: 1.73 (0.98-3.06) 

RR* - adjusted relative risk.  #studies that have excluded cases with carotid plaque presence in their 
analysis. Other studies have not excluded or even not reported if they have excluded cases with plaque 
presence or not. IMT was measured in CCA in all cases presented in this table. 
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In addition to c-IMT, carotid total plaque area and coronary artery calcium score 

(CACS) were proposed as subclinical measures of atherosclerosis that might be useful 

to predict vascular events. 

 

Quantifying carotid artery plaques: total plaque area and volume 

 

Measurement of the carotid plaque area has been proposed as a better predictor of 

future vascular events than merely their presence (109). In addition, carotid plaques 

have usually a twice higher rate of longitudinal enlargement than transverse growth, 

which makes measurement of plaque area much more accurate for assessing disease 

progression than measurement of its thickness (32). Measurement of carotid plaque 

area at baseline is a strong predictor of the combined outcome of MI, IS and vascular 

death. After adjusting for baseline patient’s characteristics, the combined 5-year risk 

increased by quartile of plaque area: 5.6%, 10.7%, 13.9%, and 19.5% (P < 0.001 for 

all) (109). Whereas c-IMT predicts IS more strongly than MI (110), carotid plaque 

area predicts both events; an area of 0.46–1.18 cm2 has a 5 year risk of 12.3% for both 

events and a 3.9% risk for IS alone (109). Plaque area was also shown to be useful for 

accurate assessment of the effect of therapy. Measurement of total plaque volume 

(TPV), particularly its progression, has recently been shown as a better predictor for 

TIA, stroke, MI or death compared to c-IMT and plaque area (32). 

 

 Coronary artery calcium score (CACS) 

 

The process of arterial wall calcification is an active process that involves osteoblast-

like cells. Measurements of coronary arteries calcification (CACS) have been shown 

to provide incremental information over and above traditional risk factors for 

predicting coronary events (111), hence improving individual’s risk stratification 

(112). Although, a correlation between CACS in coronary and c-IMT in carotid 

arteries was determined (113), the former has higher predictive accuracy for CV 

events (114). Assessment of CACS by CT is easy, rapid, reproducible, and relatively 

cheap and requires only low-dose radiation. A CAC score (CACS) >300 has been 

shown to have a likelihood of coronary events almost 10 times higher compared to 

CACS of zero (112). Furthermore, CACS accurately reclassified patients at 
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intermediate cardiac risk according to Framingham Risk Score, with a net 

reclassification index (NRI) of 21.7% as low risk (CACS <100) and 30.6% as high 

risk (CACS >400) (115). However, there are some studies indicating that the absence 

of CAC does not completely eliminate the possibility of CAD in the future (116). A 

recent analysis of the Multi-Ethnic Study of Atherosclerosis (MESA) showed that 

16% of cases with CACS of zero at baseline were found to have significant coronary 

artery stenosis (117). Furthermore, in almost 20% of intermediate risk asymptomatic 

patients with CACS of zero, there was significant stenosis confirmed with 

angiography and in one third of them myocardial ischemia was evident (118).  

 

Imaging atherosclerosis in multiple sites 
 

Some individuals with atherosclerotic disease are particularly prone to instability 

followed by plaque rupture and clinical complications. This instability could be 

influenced by systemic factors, such as infection, autoimmunity or genetics that 

affects simultaneously different arterial systems. Patients with unstable plaques in 

multiple arterial systems are at higher risk of suffering recurrent symptoms and 

complications. After three year follow up, the rates of MI, IS or vascular death were 

25% for patients with symptomatic disease in one vascular system and >40% in those 

with multiple diseased arterial systems (1). Indeed, patients with detectable disease in 

the coronary and peripheral arteries carry twice the level of risk compared to those 

presenting with disease in coronary artery alone (119). Interestingly, the presence of 

bilateral carotid disease was found to be a better predictor of CAD than the extent or 

severity of disease in either bifurcation (120). Moreover, the presence and severity of 

peripheral artery disease have been shown to be associated with high prevalence of 

carotid artery stenosis in the large self-referred and Life Line cohort, regardless of 

lower extremity symptoms (121). Furthermore, coronary artery disease with three 

vessels affected has proven to be an independent predictor of severe internal carotid 

artery stenosis and even total occlusion (122). 
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Management of carotid atherosclerosis  
 

Early means for managing carotid artery stenosis was solely surgical endarterectomy. 

This approach has now changed and evolved. Patients are first commenced on 

medical therapy to control risk factors and to stabilize the arterial plaques. Non-

surgical management includes percutaneous intervention with stent implantation 

(123). Carotid endarterectomy continues to be the treatment of choice in symptomatic 

patients with severe (>70%) luminal stenosis (36). Strict modification of the risk 

factors, including optimized antihypertensive therapy, lipid management, smoking 

cessation, and antiplatelet therapy, have led to less-compelling indications for 

immediate surgery in asymptomatic populations (124).  

The two trials, Asymptomatic Carotid Atherosclerosis Study (ACAS) (125) and the 

Asymptomatic Carotid Surgery Trial (ACST) (126) provided level I evidence that 

CEA offers a 50% risk reduction for ipsilateral stroke in patients with moderate to 

severe asymptomatic carotid artery stenosis when compared with medical treatment 

(annual stroke risk: 1% vs 2%, respectively). However, at the time these trials were 

performed, patients received medical treatment that today would be considered 

suboptimal. The most definitive evidence for disease management in asymptomatic 

patients exists for medical therapy, with particular emphasis on statins, more effective 

antihypertensive medications, and antiplatelet therapy. Specifically, the advent of 

statins has provided a means for not only delaying plaque progression, but also 

possibly regressing already formed lesions and change of the plaque composition 

(127).  

 

Stabilizing effects of statins on carotid atherosclerosis disease  

 

It is well established that the cerebrovascular (CV) system benefits from statins (3-

hydroxy-3-methylglutaryl-coenzyme A inhibitors [HMG-CoA]) with reports as early 

as 1994 (4S trial) (4). However, the decreased risk of CV disease could not be 

explained by inhibition of cholesterol biosynthesis alone. Later on, it was determined 

that in addition to lipid profile improvement; statins also induce some cholesterol-

independent “pleiotropic” effects that contribute to atherosclerotic plaque 

stabilization. Indeed, numerous experimental and clinical studies indicated that some 
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of these effects might involve: restoring endothelial function, decreasing oxidative 

stress and decreasing vascular inflammation (128). By blocking the synthesis of 

isoprotenoid intermediates (Rho proteins), statins play crucial roles in cellular events. 

Including improvement of endothelial cell function or restoration, inhibition of 

secretion of several matrix matalloproteinases (MMPs) from smooth muscle cells 

(SMCs) (129) and macrophages (130), inhibition of proliferation and migration of 

SMC from media to intima (131), also decreasing vascular inflammation that consists 

to stability of atherosclerotic plaques (132).  

 

Reduction of stroke risk with statin therapy 

 

Statins are among the most effective drugs in reducing the risk of stroke. An early 

meta-analysis (133) showed a significant reduction of stroke risk in patients receiving 

statins compared to placebo with an overall risk reduction of 31% . Also, two other 

meta-analyses published recently confirmed the effect of statins on stroke reduction.  

The first one (134) determined that for each 10% decrease in LDL cholesterol the 

estimated risk reduction for any stroke was 15.6%. And the second study, using 

individual data from 90,000 individuals, came to the same conclusion (135) showing 

a significant reduction in fatal and nonfatal stroke with a good overall safety profile 

and no increased incidence of hemorrhagic stroke. The Stroke Prevention by 

Aggressive Reduction in Cholesterol Levels (SPARCL) study was a randomized 

clinical trial which showed that in patients with recent stroke or TIA, five-year 

treatment with atorvastatin 80 mg daily reduced the incidence of stroke and 

cardiovascular events compared to placebo (5-year absolute risk reduction 2.2%) 

(136). However, approximately 25% of patients in the placebo group were prescribed 

a commercially available statins outside the trial. In a post hoc analysis, LDL-C 

reduction was, therefore, used as the best marker for being adherent to the allocated 

treatment. The group with more than 50% LDL-C reduction from baseline was 

probably adherent to atorvastatin 80 mg/day who showed a 31% relative risk 

reduction in stroke without increase risk in brain hemorrhage (137).  
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Safety of statin therapy 

 

Statins are usually well-tolerated drugs with few adverse effects, including myopathy 

and elevation of liver enzymes. Rhabdomyolysis occurs rarely (138). Recently, the 

FDA recommended removing routine monitoring of liver enzymes because serious 

liver injury is rare and unpredictable (139). There is conflicting data on the possible 

effects of statins in increasing risk of intracranial hemorrhage, cognitive impairment, 

diabetes mellitus and cancer, but this suggestion has been refuted by a recent meta-

analysis which showed that statins were not associated with intracranial hemorrhage 

(140). In contrast to what was believed before, two recent studies found a decrease in 

newly diagnosed cases of dementia in elderly patients (141) and patients with diabetes  

who had received statins (142). As for diabetes mellitus, two comprehensive meta-

analyses (143, 144) have shown a slightly increased risk of diabetes development in 

subjects on statins, however, the risk is low both in absolute terms and when 

compared with the reduction in cardiovascular events. The increased risk of cancer 

was also suspected since the finding that low levels LDL were associated with a 

higher risk of cancer incidence. Until now, two studies (145, 146)	  found an increased 

risk of cancer in patients on statins, but two meta-analyses (147, 148) failed to 

confirm this observation. In addition, a recent study showed a decreased incidence of 

hepatocellular carcinoma among patients treated with statins (149). 
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Based on the foregoing knowledge of carotid atherosclerotic plaque appearance on 

US imaging and the effect of statins on stabilizing plaques, several questions remain 

to be answered, among which 4 are addressed in this thesis.  

 

I. The morphology, echogenicity and texture of carotid plaques of the contralateral 

side of symptomatic arteries 

II. The relationship of the morphology and texture of the carotid plaque at bifurcation 

and ICA, with the conventional measurement of c-IMT and its echogenicity 

III. The relationship between CCA measurements (IMT and IM-GSM) and the 

systemic burden of atherosclerosis 

IV. Systematic review analysis of the studies on the net effect of statin therapy on 

plaque echogenicity as measured by GSM.  
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OBJECTIVES 
 

The objective of the thesis was to study, in detail, the systemic nature of 

atherosclerosis by evaluating the disease burden in contralateral to symptomatic 

arteries, determining the relationship between proximal (subclinical atherosclerosis) 

and distal segments (well established disease) of the same artery. Also, we aimed to 

determine the intima-media complex measurements relationship with the systemic 

burden of atherosclerosis and to evaluate, in a systematic review and meta-analysis 

design, the effect of statins on carotid plaque echogenicity.  

Study I  

The aim of this study was to evaluate in detail the status of the contralateral carotid 

system to symptomatic artery. To compare the plaque morphology and textural 

characteristics of the contralateral carotid arteries, with respect to the culprit side in a 

group of patients who received carotid endarterectomy as well as patients who did not 

have a prior cerebrovascular event.  

Study II  

 

To assess the potential associations between the proximal carotid artery markers of 

atherosclerosis and the more distal and clinically relevant lesions, which could be 

used for optimum disease risk assessment. 

 

Study III  

 

To compare carotid artery wall measurements (IMT and IM-GSM) between different 

patient groups, based on prior vascular symptoms in different arterial systems and the 

number of diseased arteries. 

 

Study IV  

 

To determine, in a systematic and meta-analysis model, the response of plaque 

features ‘echogenicity” to statin therapy in patients with carotid artery disease. 
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METHODS 
	  

The preoperative evaluation before CEA at Umeå Stroke Center 

 
As a clinical routine, a carotid ultrasound is performed at the department of 

physiology at the University Hospital of Northern Sweden, by an experienced 

vascular sonographer. A CT, MRI, or conventional angiography is performed, either 

at the University Hospital of Northern Sweden or would have been performed at the 

referring hospital. Several experienced neuroradiologists review the results of the 

CTA, MRA or conventional angiography results. All carotid imaging is aimed at 

reproducing NASCET-type carotid stenoses. An echocardiogram is also routinely 

performed, either at the University Hospital of Northern Sweden or at the referring 

hospital. This is followed by a detailed neurological examination by a neurologist 

who evaluates the symptoms and whether they conform to the anterior circulation. 

Before the CEA, an internal medicine specialist evaluates the perioperative risk and 

adjusts the medical treatment if warranted. Then the decision for CEA is undertaken 

after discussion among the neurologist, internal medicine specialist and vascular 

surgeon. 

 

Carotid ultrasound 

 

All patients included in Study I, II and III underwent preoperative carotid Doppler 

ultrasound examinations, using a Siemens Acuson Sequoia 512® system with an 8L5 

linear transducer. The severity of carotid stenosis was assessed by conventional 

Doppler ultrasound criteria (150). All velocity cut-off values were related to the 

angiographic evaluation of the carotid stenosis according to the criteria of the 

NASCET (151). 

 

Ultrasound data retrieve and imaging extraction 

 

Studies included in this thesis are retrospective analysis of the patients who were 

engaged into two prospective studies:  

1) Ultrasound to panorama (UtP) arm of the SPACE study (152), 
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2) Additional Neurological SYmptoms before Surgery of the Carotid Arteries — 

a Prospective study (ANSYSCAP) (153) 
Over the course of both studies, the ultrasound imaging storage process was upgraded 

from analogue to digital. In the first study, we used data of the UtP arm of the SPACE 

study stored as analog, and in the 2-nd and 3-rd study, we used only a subgroup of 

asymptomatic patients of the ANSYSCAP study, stored in digital.  

 

The ultrasound images stored in the VHS or digital system were exported to the 

EchoPac software (General Electric, EchoPac version 8.0.1, Waukesha, WI) where 

morphological features (plaque irregularities and calcification) were assessed and 

IMT was measured. Following this and using an in-house custom developed research 

software package (Department of Biomedical Engineering — R&D, Umeå University 

Hospital, Umeå, Sweden) we performed imaging normalization and measurement of 

plaque IM-GSM, plaque GSM and other textural plaque features.  

 

Morphological plaque feature calculation 

 

Plaque irregularity: The surface irregularities of the plaque were categorized as:  

1: smooth,  

2: mildly irregular (height variations 0.4 mm along the contour of the lesion), or  

3: markedly irregular (height variations >0.4 mm) (154)  

 

Plaque calcification: was defined as hyperechogenic spots within the plaque with 

posterior shadowing. 

 

Textural plaque features calculation 

 

The image was normalized by selecting a ROI within the darkest spot of the vessel 

lumen avoiding areas of “noise”, and another ROI including the brightest part of the 

adventitia. Then the image pixels were normalized using the ROIs, such that the 

intensity of the blood was set at 0 and the brightest adventitia at 190. The pixel 

density was standardized to 20 pixel/millimeter. The plaque in the normalized and 

standardized image was then manually outlined and cropped prior to feature 
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calculation (Figure 4). The described technique was similar to that used by Nicolaides 

et al. (155). 

 
Figure 4. Carotid ultrasound image normalization and textural plaque features 

evaluation 

 

Grey scale median (GSM): This was the median of the grey values of all pixels within 

cropped plaque image. 

 

Juxtaluminal black-area (JBA): These are black areas close to the lumen without 

visible echogenic cap (65). The area was manually detected and outlined. The area 

and corresponding GSM were calculated by the software. The larger value was used 

in cases with several JBAs within a plaque. 

 

Plaque type: Plaques were classified automatically by the software into the following 

four types according to the modified Geroulakos classification (60):  

Type 1, uniformly echolucent (black), <15% of pixels in the plaque area with values 

>25;  

Type 2, mainly echolucent, pixels with grey scale values >25 which occupy 15-50% 

of the plaque area;  

Type 3, mainly echogenic, pixels with grey scale values >25 which occupy 50-85% of 

the plaque area and  

Carotid artery US image ROI at the darkest lumen  ROI at the brightest adventita

Plaque delineation

GSM=14.21; PT=2
JBA=Yes; DWA=Yes

Plaque color mappingJBA delineation

JBA=42.4 mm2

1. 2. 3.

4.5.6.
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Type 4, uniformly echogenic, pixels with grey scale values >25 which occupy >85% 

of the plaque area. 

 

Discrete white areas (DWAs): The presence of discrete white areas was defined as 

those with pixels having grey scale values >124 (colored red by the software) not 

producing acoustic shadowing in plaque types 1 to 3 (54). 

 

Entropy: This is a measure of the random nature of the grey-tone values within the 

plaque (156), giving high values for heterogeneous composition, and low values for 

homogenous tissue. 

 

Coarseness (Study II): This feature quantifies the granularity of the plaque texture. 

The texture is coarse when there is a high degree of local uniformity in intensity for 

large areas. Coarseness was calculated using the neighborhood grey-tone difference 

matrix method (64). Previous research has demonstrated that this feature 

discriminates symptomatic from asymptomatic plaques (157) where the former had 

lower coarseness consistent with more heterogenic, more granular, and less uniform 

composition. 

 

Intima–media complex measurements (Study II and III): Both IMT and IM-GSM 

measurements were made in the distal segment of the common carotid artery within 1 

cm (±2 mm) distance starting from the carotid bifurcation at both sides. When a 

plaque was present in this region, the IM-complex free-of-plaque was selected, and if 

it was <8 mm long, the artery was excluded from the study. 

 

Carotid intima-media thickness (IMT) (Study II and III): IMT was conventionally 

defined as the distance between the lumen– intima interface and the media–adventitia 

interface. One centimeter segments of the far wall carotid arteries were measured in 

triplicate on a single frame, and then averaged (158). 

 

Intima–media grey scale median (IM-GSM) (Study II and III): This was the median of 

the grey values of all pixels within a one-centimeter length cropped intima media 

complex image (Figure 5). The distal c-IM complex in the normalized and 
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standardized image was manually outlined and cropped, prior to feature calculation 

(Figure 5). 

 

 

 

Figure 5. IM-GSM measurement in CCA and plaque GSM measurement in carotid 

artery bifurcation 

 

Definitions and clinical data of patients included in Study I, II and III 

 

All patients with symptomatic carotid stenosis had an ipsilateral ischemic 

cerebrovascular event (stroke, TIA or retinal artery embolization) within the 6 months 

prior to the carotid scan, whereas none of the patients with asymptomatic carotid 

stenosis had any cerebrovascular event within the same period.  

Asymptomatic patients were identified because of a) objective or subjective bruit, b) a 

suspicion of CV symptoms but later it was confirmed that symptoms were not CV in 

origin, c) follow-up of a known carotid stenosis, d) previous CV symptoms > 6 

months before, e) detection of calcification in the territory of carotid artery by 
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panorama imaging, f) posterior circulation CV symptoms, or g) ultrasound detection 

of carotid disease during examination of the thyroid gland. 

 

 

Patients clinical data were prospectively followed to establish; a) the number and 

duration of ischemic events; b) time of last symptom; c) risk factors (smoking, 

diabetes, hypertension and dyslipidemia) and d) the surgical information. All patients 

underwent a thorough clinical examination including neurological assessment. Data 

for coronary artery disease, ongoing condition or prior events, were also collected. 

Routine biochemical data were collected from the patient's clinical notes including 

lipid profile and glycated hemoglobin (HbA1c). 

 

A plaque was defined as focal protrusion into the carotid lumen, 50% greater than the 

surrounding wall thickness (159). Each individual plaque was analyzed for 

irregularity, calcification, GSM, JBA, GSM of the JBA, plaque type, DWAs and 

entropy. In the arteries with 1 plaque, the features of that plaque represented the 

artery. In the arteries with >1 plaque the findings from all plaques were congregated 

to represent that artery i.e. the area of JBA denotes the area of all JBAs. For the 

categorical features, the worst abnormality in all plaques was used to represent the 

artery, e.g. the most irregular plaque and lowest plaque type number. If a 

calcification, JBA and DWA were detected in any plaque, that artery was considered 

positive for calcification, JBA and DWA, respectively. For the continuous features 

(GSM, area of JBA and entropy) we used an area-weighted average by taking the 

relative size of the plaques into account. The overall plaque feature was assessed as 

the sum of the individual features multiplied by plaque area and divided by the total 

plaque area. 
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Study I 

This is a secondary analysis of the Ultrasound of the Panorama arm of the SPACE 

study (152). In the main study, we included consecutive patients with symptomatic or 

asymptomatic carotid stenosis. We included patients who underwent carotid 

endarterectomy and agreed to undergo an extensive pre-operative evaluation. 

 

Inclusion criteria 
There were 47 cases with a preoperative ultrasound examination stored in the analog 

format. We excluded 8 patients because either the examinations could not be retrieved 

and analyzed (n = 7) or the patient had an asymptomatic carotid stenosis but a recent 

(<6 months) cerebrovascular event that was not ipsilateral to the stenosis. Thus, 39 

patients were analyzed, 33 had symptomatic carotid stenosis (50-99%) and 6 had 

unilateral or bilateral asymptomatic stenosis (50-99%). All patients had at least one 

atherosclerotic plaque on both sides. We further excluded 12 arteries because of total 

occlusion (n=2) or because of >50% of the plaque was covered by shadow derived 

from extensive plaque calcification (n=10). In total, we have analyzed 66 arteries (25 

contralateral, 30 symptomatic and 11 asymptomatic). The contralateral arteries were 

compared with the symptomatic arteries and with the asymptomatic arteries. 

 

Study II and III 

 

These studies represent a secondary analysis of the ANSYSCAP study. 

 

ANSYSCAP inclusion criteria 

In ANSYSCAP (153), consecutive patients with a 50–100% carotid 

stenosis/occlusion were prospectively included between August 2007 and December 

2009. In the main analysis, only those with a recently (within 6 months) symptomatic 

50–99% carotid stenosis preliminarily eligible for carotid endarterectomy (CEA) were 

analyzed. However, an additional 133 patients with asymptomatic 50–99% carotid 

stenosis were also included, which were not analyzed in the main analysis. 
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Secondary analysis inclusion criteria 

 
In this study we included only asymptomatic patients whose carotid ultrasound 

examinations were stored in digital format and could be retrieved and analyzed (n = 

87).  In addition to carotid plaque features we evaluated the intima-media complex of 

the common carotid artery. IMT and IM-GSM were measured in 137 arteries of 87 

patients and the derived data were correlated with plaque GSM and other 

morphological and textural features (Figure 6).  

 

 
 

Figure 6. Flow-chart of patients' selection. Of note, in the third study we have 

excluded only cases when the CCA segment free of plaque was <8mm 

 
Study IV 

 

The methodology for this study was based on the Preferred Reporting Items for  

Systematic Reviews and Meta-Analyses statement (160). 

 

Information Search and Data Collection 

Up to April 2015, we systematically searched electronic databases (PubMed, 

MEDLINE, EMBASE and Cochrane Center Register) for studies evaluating the effect 
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of statins on carotid plaque echogenicity. The search terms used were: “carotid 

atherosclerosis”, “carotid plaque”, “ultrasound” “statins”, “HMG-CoA reductase 

inhibitors” and “lipid-lowering drugs”, in various combinations. Two researchers 

(Pranvera Ibrahimi and Fisnik Jashari) independently performed the literature search, 

study selection and data extraction. There was no time, language or publication limit 

in the literature search. The selected reports were manually searched, and relevant 

publications, obtained from the reference lists, were retrieved. 

 

Study Eligibility Criteria 

 

Clinical studies that reported results on the effect of statins therapy on the plaque 

echogenicity (GSM, IBS) evaluated by duplex ultrasound were eligible. Specific 

inclusion criteria were: (1) observational, non-randomized or randomized studies that 

explored the effect of statins treatment either as primary or secondary cardiovascular 

disease prevention; (2) ultrasound of the carotid arteries before and at least once at a 

follow-up of at least one month; (3) English language articles; (4) studies with ≥15 

subjects; and (5) ultrasound-based characterization of carotid artery plaque 

composition. All other studies that used different imaging techniques (e.g., MRI, CT, 

IVUS, PET) and those that used plaque features other than echogenicity (volume, 

degree of stenosis, ulceration, neovascularization) as a target for monitoring statins 

therapy were excluded. We have performed a quality score of the retrieved studies 

utilizing the methodological index for the non-randomized studies (MINORS) (161). 

Studies that scored over 20 out of 24 (or 14 out of the 16 for those non-comparative, 

but rather solely observational) were considered of adequate quality. In the meta-

analysis, we included studies that specified duration of the study and presented plaque 

echogenicity means and standard deviations prior to and during (or at the completion 

of) the intervention or the percent change in plaque echogenicity before and during 

intervention. 

 

 
 

 
 



	  38	  

Statistical Analyses 

 

Study I, II and III. Categorical variables were expressed as percentages and 

continuous variables were expressed as mean ± SD (median). Mean values of the 

plaque texture features were compared between groups, using independent samples t-

test and Mann-Whitney test. Baseline differences between groups for each plaque 

texture feature were tested using one-way ANOVA, for more than two groups in 

analysis. Post hoc analysis (Bonferroni) was also performed for continuous variables. 

If variables did not have normal distribution, the non-parametric Kruskal-Wallis test 

was used. Fisher's exact probability test or the Chi-2-test was used when comparing 

two sets of binary or categorical values. Spearman's correlation coefficient was used 

to correlate carotid wall measurements between intima–media and plaques and 

Pearson's correlation coefficient was used to correlate measurements between 

continuous variables. Linear regression analyses were used to determine the 

relationship of the intima media measurements with plaque features, independently of 

IMT and other risk factors. Statistical significance was indicated by a p value <0.05. 

We used SPSS statistics 22.0 software. 

 

Study IV. For the plaque echogenicity analysis, the treatment effects of interest were 

the differences in the extent of changes in echogenicity (GSM or IBS), low-density 

lipoprotein cholesterol (LDL), high-density lipoprotein (HDL) and high sensitivity C-

reactive protein (hsCRP) before and after treatment. Because of the significant 

variation in study size, length and follow-up, as well as patient’s characteristics, we 

used random-effects. Heterogeneity was measured using I2 statistics. We performed 

analyses within each imaging group stratified by pre- vs. post-treatment. All analyses 

were conducted using Comprehensive Meta Analysis Version 3 software (Biostat inc., 

Englewood, NJ, USA). 
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RESULTS 
 

Study I 
 

In this study we included 39 patients. Mean age of the patients was 70±7 years and 

33% were females. There was no difference in the risk factors (e.g. hypertension, 

diabetes, dyslipidemia, smoking) between symptomatic and asymptomatic patients 

(Table 4). The degree of stenosis was higher in symptomatic arteries, but there was no 

difference in the degree of stenosis between contralateral to symptomatic and 

asymptomatic arteries.  

Contralateral carotid plaques had similar features to symptomatic ones, with GSM 

(26.2 ± 7.3 vs. 24.9 ± 7.8, p = 0.536) and GSM of the JBA (5.0 ± 3.9 vs. 4.6 ± 3.0, p = 

0.8). Plaque irregularities and plaque types were similar between the two groups with 

no statistical difference (p = 0.25) and (p = 0.75) respectively. The only difference 

observed between the contralateral and symptomatic arteries was the prevalence of 

JBA, which was lower in the contralateral artery plaques than the plaques in the 

symptomatic arteries (p = 0.001). 

On the other hand, contralateral arteries had more vulnerable morphologic and 

textural plaque features compared to those in the asymptomatic arteries, with higher 

prevalence of mild (60% vs. 36%) and marked irregularities (28% vs. 9%), p = 0.03, 

lower GSM (26.2 ± 7.3 vs. 49.4 ± 14.6, p < 0.001), lower GSM of the JBA (5.0 ± 3.9 

vs. 11.4 ± 2.1, p = 0.001), and higher prevalence of plaque type 1 and 2 and lower 

prevalence of type 4 (p = 0.001) (Figure 7, 8, 9 and Table 5). Other textural plaque 

features including: JBA, mean entropy, frequency of plaque calcification and DWA, 

were not statistically different between the groups (Table 5). 
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Table 4. Patients’ characteristics 

 

  

Symptomatic 

(n = 33) 

Asymptomatic 

(n = 6) 

Age, mean (SD) 71.2 ± 7.3 66 ± 7.8 

Women, n (%) 11 (33.3) 2 (33.3) 

Current smoker, n (%) 2 (6.1) 0 (0) 

Diabetes, n (%) 10 (30.3) 2 (33.3) 

Previous myocardial infarction (%) 5 (15.2) 1 (16.7) 

Current angina, n (%) 1 (3.0) 0 (0) 

Stroke 6 months before, n (%) 8 (24.2) 1 (16.7) 

Claudication, n (%) 6 (18.2) 2 (33.3) 

Previous revascularization of any type, n (%) 9 (27.3) 3 (50) 

Any lipid lowering medication, n (%) 31 (93.9) 6 (100) 

Any antiplatelet or anticoagulation medication, n 

(%) 
33 (100) 6 (100) 

Any blood pressure lowering therapy, n (%) 32 (97) 6 (100) 

Systolic blood pressure (mmHg), mean (SD) 152.91 ± 24 147 ± 16 

Diastolic blood pressure (mmHg), mean (SD) 79.7 ± 13.2 82.4 ± 8 

Total cholesterol, mean (SD) 4.5 ± 1 4.57 ± 1.3 

HDL cholesterol, mean (SD) 1.3 ± 0.7 1.14 ± 0.2 

LDL cholesterol, mean (SD) 2.51 ± 0.9 2.52 ± 0.9 

HbA1c, mean (SD) 5.19 ± 1.2 4.7 ± 0.5 
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Table 5. Morphological and textural features between groups 
 
 

Features Asymptomatic 
(n = 11) 

Contralateral 
to 

symptomatic 
(n = 25) 

Symptomatic 
(n = 30) 

Between three 
groups (p) 

GSM, mean (SD) 49.38 ± 14.6 26.18 ± 7.3 24.9 ± 7.8 <0.001a 
Entropy, mean (SD) 3.58 ± 0.1 3.51 ± 0.2 3.51 ± 0.2 0.727a 
JBA, n (%) 5 (45) 7 (28) 24 (80) <0.001b 
JBA area (mm2), 
median 0.5 5.2 5 <0.001c 

GSM of the JBA, 
mean (SD) 11.4 ± 2.1 5.0 ± 3.9 4.6 ± 3.0 <0.001a 

Calcification, n (%) 6 (55) 19 (76) 21 (70) 0.456b 
DWA, n (%) 9 (82) 13 (52) 16 (53) 0.216b 
Irregularities       0.006b 
Smooth, n (%) 6 (55) 3 (12) 2 (7)   
Mildly, n (%) 4 (36) 15 (60) 13 (43)   
Markedly, n (%) 1 (9) 7 (28) 15 (50)   
Plaque types (PT)       <0.001b 
PT 1, n (%) 0 (0) 3 (12) 5 (17)   
PT 2, n (%) 0 (0) 11 (44) 15 (50)   
PT 3, n (%) 6 (55) 10 (40) 10 (33)   
PT 4, n (%) 5 (45) 1 (4) 0 (0)   
Degree of stenosis       <0.001b 
0-49%, n (%) 4 (36) 13 (52) 0 (0)   
50-69%, n (%) 1 (9) 6 (24) 5 (17)   
70-99%, n (%) 6 (55) 6 (24) 25 (83)   
a One way ANOVA; b Exact 2-sided chi-2-test; c Kruskal–Wallis test; d Student T-Test. 
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Figure 7. Surface plaque irregularities between groups 
 

 

Figure 8. Differences of GSM between groups 
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Figure 9. A-asymptomatic echogenic plaque with high GSM, B-contralateral to 

symptomatic echolucent plaque without visible JBA, C-symptomatic echolucent 

plaque with low GSM and high JBA 

 

 

Study II 

In this study we have analyzed 87 asymptomatic patients with significant carotid 

artery stenosis; mean age 69 ± 6 years, 34.5% females. The severity of carotid 

stenosis and the risk factors for atherosclerosis (e.g. age, hypertension, dyslipidemia) 

and also concomitant therapy are presented in table 6.  Carotid stenosis > 50% was 

found in 67.8% (n = 93) of the arteries included in the final analyses. Mildly irregular 

plaques were found in 24% (n = 34) and moderately irregular plaques in 13% (n = 18) 

arteries.  

 

The mean value of the IMT was 0.97 ± 0.2 mm, and the mean value of IM-GSM was 

31 ± 16. A mean value of GSM was 36±17 and the median value of JBA was 6.53 

mm2. Plaque type (PT) 1 was detected in 2%, PT 2 in 31%, PT 3 in 42% and PT 4 in 

25% of the arteries. Higher IMT values in CCA correlated with plaque irregularities 

(p<0.001) and with the degree of stenosis (p=0.001) in the bifurcation and ICA 

(Figure 10, Table 7). IM-GSM was closely related to plaque echogenicity (GSM) (r = 
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0.76, p < 0.001), (Table 8, Figure 11), and modestly related to plaque coarseness (r = 

0.65, p < 0.001), the JBA (r = − 0.52, p < 0.001) and the GSM of the JBA (r = 0.48, p 

= 0.005). IM-GSM also correlated with plaque GSM of arteries with ≥ 50% and  

<50% stenosis, r = 0.72 and r = 0.75, respectively (Table 9 and 10). 

 

Patients with bilateral carotid stenosis (≥ 50%) had more vulnerable arterial wall and 

plaque measures compared to those with unilateral carotid stenosis; higher IMT 

(p=0.006), lower IM-GSM (p<0.001) and lower plaque GSM (p=0.016) and higher 

JBA (p=0.006) (Figure 12). 

 

Table 6. Patients’ data 

 

Age, years, mean± SD 69 ± 6 

Female, n (%) 30 (34.5) 

Current smoking, n (%) 18 (20.7) 

Diabetes, n (%) 25 (28.7) 

Previous MI,  (%) 20 (23) 

Current angina, n (%) 14 (16.1) 

Previous stroke, n (%) 18 (20.7) 

Intermittent claudication,  n (%) 19 (21.8) 

SBP (mm Hg), mean ± SD 145.7 ± 20 

DBP (mm Hg), mean ± SD 77 ± 12 

Anti-platelet or anti-coagulation therapy, n (%) 84 (96.6) 

Blood pressure lowering therapy, n (%) 80 (92) 

Lipid lowering therapy, n (%) 78 (89.7) 

HbA1c (%), mean± SD 5.2 ± 1.1 

Total cholesterol (mmol/l), mean ± SD 4.67 ± 0.9 

LDL (mmol/l), mean ± SD 2.57 ± 0.9 

HDL (mmol/l), mean ± SD 1.34 ± 0.4 
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Table 7. Correlation between IMT in the CCA and other textural and 

morphological features in the plaques located in the bifurcation and ICA 

 

IMT Plaque (bifurcation/ICA) Correlation coefficient p 

 GSM -0.132* NS 

 Coarseness -0.157* NS 

 JBA area (mm2) 0.165* NS 

 GSM of the JBA 0.258* NS 

 Entropy 0.049* NS 

 Calcification 0.013# NS 

 Degree of stenosis 0.274# <0.01 

 Irregularities  0.533# <0.001 

 Bilateral stenosis  0.213# <0.01 

*Pearson correlation, #Spearman rho 

 

Table 8. Correlation between IM-GSM in the CCA and other textural and 

morphological features in the plaques located in the bifurcation and ICA 

 

IM-GSM Plaque (bifurcation/ICA) Correlation coefficient p 

 GSM 0.761* <0.001 

 Coarseness 0.649* <0.001 

 JBA area (mm2) -0.524* <0.001 

 GSM of the JBA 0.478* <0.01 

 Entropy 0.017* NS 

 Calcification 0.106# NS 

 Degree of stenosis -0.186# <0.05 

 Irregularities 0.004# NS 

 Bilateral stenosis -0.269# <0.001 
*Pearson correlation, #Spearman rho 
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Table 9. Correlation between IM-GSM in the CCA and other textural and 

morphological features in the plaques located in the bifurcation and ICA, for 

arteries with ≥50% stenosis 

 
IM-GSM 

(CCA) 

≥ 50% stenotic plaques 

(bifurcation/ICA) 

Correlation 

coefficient 
p 

 GSM 0.722* <0.001 

 Coarseness 0.642* <0.001 

 JBA area (mm2) -0.535* <0.001 

 GSM of the JBA 0.573* <0.01 

 Entropy 0.062* NS 

 Calcification 0.122# NS 

 Degree of stenosis -0.016# NS 

 Irregularities 0.032# NS 

*Pearson correlation, #Spearman rho 
 

 

 

Table 10. Correlation between IM-GSM in the CCA and other textural and 

morphological features in the plaques located in the bifurcation and ICA, for 

arteries with <50% stenosis 

 

IM-GSM 

(CCA) 

<50 % stenotic plaques 

(bifurcation/ICA) 

Correlation 

coefficient 
p 

 GSM 0.753* <0.001 

 Coarseness 0.645* <0.001 

 JBA area (mm2) -0.488* <0.01 

 GSM of the JBA 0.306* NS 

 Entropy 0.178* NS 

 Calcification 0.107# NS 

 Irregularities 0.250# NS 
*Pearson correlation, #Spearman rho 
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Figure 10. IMT in the CCA and plaque irregularities in the bifurcation and ICA 
 

 

 
Figure 11. Correlation between IM-GSM in the CCA and GSM of the plaque located 

at the bifurcation and ICA 

 



	  48	  

 

 
 
 
 

Figure 12. IMT was higher and IM-GSM was lower in patients with bilateral carotid 

artery disease (>50% stenosis) 
 

 

Study III 
 

In this study we included 87 asymptomatic carotid patients: mean age 69±6 year, 

34.5% females. 23% of patients had previous MI, 16% had angina, 21% had ischemic 

stroke >6 months, and 22% had lower limb atherosclerosis in the form of intermittent 

claudication (Table 4).  

 

Patients with previous MI had higher IMT (1.06±0.2 vs. 0.95±0.2 mm, p=0.034) and 

lower IM-GSM (21±15 vs. 33±16, p<0.001) than those without. Patients with 

previous stroke had lower IM-GSM (24±12 vs. 33±16, p=0.007) but IMT was not 

different between those with and without stroke (1.03±02 vs. 0.96±0.2 mm, p=0.195). 

There was no difference in IMT or IM-GSM between patients with and without 

previous atherosclerosis disease in the lower extremity (Figure 13).  

 

50% of the patients were asymptomatic, 34% had previous disease in one arterial 

system and 16% had previous disease in multi-arterial systems. IM-GSM showed 

significant difference between groups, it was significantly decreased with increasing 

number of arterial systems affected by symptomatic atherosclerosis disease 

(37.7±15.4 vs. 29.3±16.4 vs. 20.7±12.9) p<0.001, for asymptomatics, symptoms in 

one and symptoms in multi-arterial system disease, respectively. When analyzing IM-

! !
Figure 6. IMT is higher and IM-GSM is lower in patients with bilateral carotid disease (>50% stenosis).

p=0.006 p<0.001

Unilatral Bilateral
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Supplement figure 1. IMT was higher and IM-GSM was lower in patients with bilateral carotid disease
(>50% stenosis).

p=0.006 p<0.001

Unilateral Bilateral Unilateral Bilateral
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GSM measured in the arteries on the side with higher IMT, the results were similar 

(35.0±15.7 vs. 29.5±18.6 vs. 17.4±13.9), p=0.001.	  Using ROC curve analysis a cut-

off of 25 was determined for IM-GSM association with multisite atherosclerosis. 

Unadjusted and adjusted odds ratios (OR) for IM-GSM <25 association with multisite 

atherosclerosis disease was [OR 3.23 (95%CI 1.33-7.85), p<0.01] and [OR 2.65 

(95%CI 1.56-6.67), p=0.03], respectively.  

 

In addition, plaque GSM was significantly decreased with increasing number of 

previously symptomatic arterial systems (Table 11). Conventional IMT showed an 

increasing trend (0.95±0.2mm vs. 0.98±0.2mm vs. 1.02±0.02mm) for asymptomatics, 

symptoms in one and symptoms in multi-system arterial disease, respectively, but it 

was not significantly different between groups p=0.49 (Table 11). The degree of 

carotid artery stenosis was not different between groups (p=0.32) (Figure 14). 
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Table 11. Common carotid wall and bifurcation plaque measurements in different 

groups 
  Asymptomatic 

(n=43) 

Previous symptoms  

in one arterial 

system (n=30) 

Previous symptoms  

in >one arterial 

system (n=14) 

p 

IM-GSM, mean±SD* 

IM-GSM, mean±SD# 

37.7±15.4 

35.0±15.7 

29.3±16.4 

29.5±18.6 

20.7±12.9 

17.4±13.9 

<0.001 

0.001 

IMT, mean±SD 0.95±0.2 0.98±0.2 1.02±0.2 0.49 

Plaque GSM, 

mean±SD 

41.4±17.0 33.0±16.0 20.9±10.0 <0.001 

Plaque Coarseness, 

mean±SD 

13.7±4.4 11.4±5.1 7.6±3.9 <0.001 

Plaque Entropy, 

mean±SD 

3.5±0.2 3.6±0.2 3.6±0.2 0.13 

Plaque JBA, n (%) 14 (19.4) 14 (28.6) 13 (72.2) <0.001 

Plaque GSM of JBA 6.8±5.0 12.1±9.0 3.8±3.3 0.01 

(*) IM-GSM mean of both sides; (#) IM-GSM measured on the side with higher IMT 

 
Figure 13. IM-GSM, plaque GSM and plaque coarseness were significantly 

decreased with increasing number of arterial systems affected by atherosclerosis 

 
 

Previous myocardial infarction Previous ischemic stroke

Current Angina Previous claudicatio intermitent
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Figure 14. IM-GSM in patients with previous stroke, MI, angina and claudication 

intermittent 
 

 
Study IV 

 

Searching the PubMed, 576 studies were identified in total and no additional studies 

were found in MEDLINE, EMBASE or in the Cochrane Center Register (Figure 15). 

In total nine studies (76, 127, 162-168) were included in the qualitative and all of 

them met the inclusion criteria to be quantitatively analyzed in a meta-analysis. Two 

of these studies had analyzed patients in two groups separately and we have included 

both groups in the meta-analysis.  
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Figure 15. Study selection 

 

 

The mean follow up period of patients was 7.2 months (range 1–12). Two different 

methods of quantifying plaque echogenicity were used in the included studies. GSM 

was used in five and IBS was used in the remaining four studies. All individual 

studies included in the meta-analysis showed a significant increase of plaque 

echogenicity after statin therapy. In the compared high (atorvastatin 80 mg/d) vs. low 

(atorvastatin 20 mg/d) statin therapy, the GSM was significantly increased more in the 

group receiving aggressive statin therapy. For each individual study we presented the 

percentage (%) change of the echogenicity from baseline and reported it as a mean 

difference %, which was finally used for pooled analysis (Table 12 and 13).  

 

Meta-analysis results showed a consistent increase of carotid plaque echogenicity 

after statins therapy. Pooled weighted mean difference % (WMD) on plaque 

echogenicity after statins therapy was 29% (95% CI: 22%–36%), p < 0.001, I2 = 

92.1% (Figure 16). In a meta-regression analysis, the mean changes % of LDL, HDL 

and hsCRP from baseline were used as moderators to evaluate their association with 
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changes in plaque echogenicity. The increased plaque echogenicity with statins 

therapy was independent of LDL (β = 0.32 (−0.28–0.94), p < 0.29) (Figure 17a) and 

HDL cholesterol (β = 0.91 (−0.01–3.55), p = 0.051) (Figure 17b), but it was related to 

hsCRP changes from the baseline (β = 1.01 (0.49–1.52), p < 0.001) (Figure 17c). 

 

Patients were also divided into subgroups and analyzed based on treatment period.  

The effects of statins on carotid plaque was evident after the first month of treatment, 

however, this increase was higher in the following six and 12 months (Figure 18). 

Mean difference % was 16.2% (5.2–27.2%) vs. 30.4% (18.2–42.3%) vs. 35.4% 

(26.3–44.4%), p = 0.03, between 1, 6 and 12 months of treatment, respectively. In 

addition, it seems that the effect of statins on carotid plaque echogenicity is 

independent of cholesterol levels at baseline, since it was similarly increased in both 

groups. WMD% for hypercholesterolemic patients was 29.1 (21.3-36.8) and 28.8 

(15.2-42.3) for non-hypercholesterolemic patiets at baseline. We have meta-analyzed 

the effect of statins on LDL, HDL and hsCRP for the studies included in this paper, 

data presented in the Figures 19, 20, 21. 

 
 
Table 12. Studies included in meta-analysis 
 

Author/Year 
Popul
ation 
(n) 

Mean 
Age±SD 

Gender 
(male) 

Hyperchole
sterolemic 

Carotid 
stenosis 

Echogenicity 
measured 

Minor 
score 

1.Watanabe et 
al. 2005 (162) 

30 69.9±8.8 63% No Moderate IBS RT 

2.Yamagami et 
al. 2008 (163) 

41 63.4±8.3 24% Yes Moderate IBS RT 

3.Nakamura et 
al. 2008 (164) 33 60±9 25% Yes Moderate IBS RT 

4.Kadoglou et 
al. 2008 (127) 

113 63.6±9.9 67% Yes 
Moderate 

symptomat
ic 

GSM 20 

5.Yamada et 
al. 2009 (165) 

40 71±8 90% No 30-60% IBS RT 

6.Kadoglou et 
al. 2009 (166) 

67+46 66.7±7.3 40% No >40% GSM 20 

7.Kadoglou et 
al. 2010 (167) 66+65 64.9±10 46% Yes 30-60% GSM 24 

8.Della-Morte 
et al. 2011 (76) 

40 >45 NA Yes NA GSM 15 

9.Nohara et al. 
2013 (168) 

25 63.9±8.1 50% Yes NA GSM 20 
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Table 13. Studies’ characteristics and statins effect on plaque echogenicity, LDL, 

HDL and hsCRP level on the blood 

 

Author/Year Study design Statin/dose 

Follow 

up 

months 

% Change 

echogenicity 

% Change 

LDL 

% Change 

HDL 

% Change 

hsCRP 

1.Watanabe et al. 2005 

(162) 

Randomized case-

control trial 
Pravastatin 6 14.1±3.3 24.5±6.4 10.2±6.0 45.0±58.3 

2.Nakamura et al. 2008 

(164) 

Randomized case-

control trial 

Pitavastatin 4 

mg 
12 32.1±5.9 37.8±12.4 9.3±2.0 43.7±51.5 

3.Yamagami et al. 2008 

(163) 

Randomized case-

control trial 

Simvastatin 

10 mg  
1 10.6±4.3 34.2±18.4 0 43.0±119.8 

4.Kadoglou et al. 2008 

(127) 

Open-label 

prospective trial 
Atorvastatin 6 36.0±15.2 41.7±19.9 4.5±2.4 58.9±34.0 

5.Yamada et al. 2009 

(165) 

Randomized case-

control trial 
Simvastatin  6 17.0±5.9 44.0±23.9 0 42.1±94.6 

6a.Kadoglou et al. 2009 

(166) 

Open-label 

prospective trial 
Atorvastatin 6 36.8±9.8 38.6±20.0 13.4±6.6 78.3±74.9 

6b.Kadoglou et al. 2009 

(166) 

Open-label 

prospective trial 

Atorvastatin+

CAS 
6 48.4±18.6 33.3±15.0 4.4±2.2 52.1±39.5 

7a.Kadoglou et al. 2010 

(167) 

Randomized case-

control trial 

Atorvastatin 

10-20 mg 
12 32.6±11.7 64.5±23.6 5.5±2.6 52.9±55.2 

7b.Kadoglou et al. 2010 

(167) 

Randomized case-

control trial 

Atorvastatin 

80 mg 
12 51.4±18.4 54.2±37.2 10.3±6.0 65.0±80.0 

8.Della-Morte et al. 2011 

(76) 

Prospective pilot 

study 
NA 1 21.9±4.8 51.4±31.0 2.0±1.1 NA 

9.Nohara et al. 2013 (168) 

Prospective open 

label, blinded-

endpoint 

Rosuvastatin  12 16.9±33.1 50.1±22.9 8.1±3.6 NA 
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Figure 16. Effects of statins on plaque echogenicity. Note: Kadaglou 2009 has 

divided and analyzed patients in two groups: the first group (*) was on statins, but 

underwent contralateral carotid artery stenting (CAS), and the second group (**) was 

treated only with statins. Kadaglou 2010 has divided and analyzed patients into two 

groups: the first group (^) received atorvastatin 10–20 mg, and the second group (^^) 

atorvastatin 80 mg 

 

 

%

Echogenicity  
decreased

Echogenicity 
increased

Study name Statistics for each study Difference in 
means and 95% CI

Difference Standard Lower Upper 
in means error Variance limit limit Z-Value p-Value

Watanabe 2005 14.10 0.85 0.73 12.43 15.77 16.55 0.00

Yamagami 2008 10.63 0.97 0.95 8.72 12.54 10.93 0.00

Nakamura 2008 32.10 1.47 2.15 29.22 34.98 21.88 0.00

Kadaglou 2008 36.00 2.18 4.76 31.72 40.28 16.49 0.00

Yamada 2009 17.00 1.87 3.48 13.34 20.66 9.11 0.00

Kadaglou 2009* 48.44 3.89 15.12 40.82 56.06 12.46 0.00

Kadaglou 2009** 36.80 1.70 2.90 33.46 40.14 21.60 0.00

Kadaglou 2010^ 32.60 1.98 3.92 28.72 36.48 16.47 0.00

Kadaglou 2010^̂ 51.40 3.13 9.77 45.27 57.53 16.45 0.00

Della-Morte 2011 21.90 1.08 1.18 19.77 24.03 20.19 0.00

Nohara 2013 16.93 9.37 87.75 -1.43 35.29 1.81 0.07

29.02 3.56 12.68 22.04 36.00 8.15 0.00

-57.60-28.80 0.00 28.80 57.60

Echogenicity decreasedEchogenicity increased

!

%

%
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Figure 17. Meta-regression. Regression of LDL (a), HDL (b) and hsCRP (c) changes 

on plaque echogenicity after statins therapy 
 

 
 

Figure 18. Analysis of studies based on treatment period in months. The effect of 

statins on plaque echogenicity was obvious from the first month after treatment, and 

the effect was progressive on the following six and 12 months (m) 
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5a. 5b.

5c. β=1.01 (0.49-1.52), p<0.001

Group by
Outcome

Study name Treatment period Statistics for each study Difference in 
means and 95% CI

Difference Standard Lower Upper 
in means error Variance limit limit Z-Value p-Value

1 m Yamagami 2008 1 m 10.6 1.0 0.9 8.7 12.5 10.9 0.0

1 m Della-Morte 2011 1 m 21.9 1.1 1.2 19.8 24.0 20.2 0.0

1 m 16.3 5.6 31.8 5.2 27.3 2.9 0.0

12 m Nakamura 2008 12 m 32.1 1.5 2.2 29.2 35.0 21.9 0.0

12 m Kadaglou 2010̂ 12 m 32.6 2.0 3.9 28.7 36.5 16.5 0.0

12 m Kadaglou 2010̂ ^ 12 m 51.4 3.1 9.8 45.3 57.5 16.4 0.0

12 m Nohara 2013 12 m 16.9 9.4 87.8 -1.4 35.3 1.8 0.1

12 m 35.4 4.6 21.3 26.4 44.5 7.7 0.0

6 m Watanabe 2005 6 m 14.1 0.9 0.7 12.4 15.8 16.5 0.0

6 m Kadaglou 2008 6 m 36.0 2.2 4.8 31.7 40.3 16.5 0.0

6 m Yamada 2009 6 m 17.0 1.9 3.5 13.3 20.7 9.1 0.0

6 m Kadaglou 2009* 6 m 48.4 3.9 15.1 40.8 56.1 12.5 0.0

6 m Kadaglou 2009** 6 m 36.8 1.7 2.9 33.5 40.1 21.6 0.0

6 m 30.2 6.2 38.1 18.1 42.3 4.9 0.0

Overall 28.3 3.1 9.6 22.3 34.4 9.2 0.0

-57.60 -28.80 0.00 28.80 57.60

Echogenicity decreasedEchogenicity increased

!

Group by
Outcome

Study name Treatment period Statistics for each study Difference in 
means and 95% CI

Difference Standard Lower Upper 
in means error Variance limit limit Z-Value p-Value

1 m Yamagami 2008 1 m 10.6 1.0 0.9 8.7 12.5 10.9 0.0

1 m Della-Morte 2011 1 m 21.9 1.1 1.2 19.8 24.0 20.2 0.0

1 m 16.3 5.6 31.8 5.2 27.3 2.9 0.0

12 m Nakamura 2008 12 m 32.1 1.5 2.2 29.2 35.0 21.9 0.0

12 m Kadaglou 2010̂ 12 m 32.6 2.0 3.9 28.7 36.5 16.5 0.0

12 m Kadaglou 2010̂ ^ 12 m 51.4 3.1 9.8 45.3 57.5 16.4 0.0

12 m Nohara 2013 12 m 16.9 9.4 87.8 -1.4 35.3 1.8 0.1

12 m 35.4 4.6 21.3 26.4 44.5 7.7 0.0

6 m Watanabe 2005 6 m 14.1 0.9 0.7 12.4 15.8 16.5 0.0

6 m Kadaglou 2008 6 m 36.0 2.2 4.8 31.7 40.3 16.5 0.0

6 m Yamada 2009 6 m 17.0 1.9 3.5 13.3 20.7 9.1 0.0

6 m Kadaglou 2009* 6 m 48.4 3.9 15.1 40.8 56.1 12.5 0.0

6 m Kadaglou 2009** 6 m 36.8 1.7 2.9 33.5 40.1 21.6 0.0

6 m 30.2 6.2 38.1 18.1 42.3 4.9 0.0

Overall 28.3 3.1 9.6 22.3 34.4 9.2 0.0

-57.60 -28.80 0.00 28.80 57.60

Echogenicity decreasedEchogenicity increased

!

Group by
Outcome

Study name Treatment period Statistics for each study Difference in 
means and 95% CI

Difference Standard Lower Upper 
in means error Variance limit limit Z-Value p-Value

1 m Yamagami 2008 1 m 10.6 1.0 0.9 8.7 12.5 10.9 0.0

1 m Della-Morte 2011 1 m 21.9 1.1 1.2 19.8 24.0 20.2 0.0

1 m 16.3 5.6 31.8 5.2 27.3 2.9 0.0

12 m Nakamura 2008 12 m 32.1 1.5 2.2 29.2 35.0 21.9 0.0

12 m Kadaglou 2010̂ 12 m 32.6 2.0 3.9 28.7 36.5 16.5 0.0

12 m Kadaglou 2010̂ ^ 12 m 51.4 3.1 9.8 45.3 57.5 16.4 0.0

12 m Nohara 2013 12 m 16.9 9.4 87.8 -1.4 35.3 1.8 0.1

12 m 35.4 4.6 21.3 26.4 44.5 7.7 0.0

6 m Watanabe 2005 6 m 14.1 0.9 0.7 12.4 15.8 16.5 0.0

6 m Kadaglou 2008 6 m 36.0 2.2 4.8 31.7 40.3 16.5 0.0

6 m Yamada 2009 6 m 17.0 1.9 3.5 13.3 20.7 9.1 0.0

6 m Kadaglou 2009* 6 m 48.4 3.9 15.1 40.8 56.1 12.5 0.0

6 m Kadaglou 2009** 6 m 36.8 1.7 2.9 33.5 40.1 21.6 0.0

6 m 30.2 6.2 38.1 18.1 42.3 4.9 0.0

Overall 28.3 3.1 9.6 22.3 34.4 9.2 0.0

-57.60 -28.80 0.00 28.80 57.60

Echogenicity decreasedEchogenicity increased

!

Group by
Outcome

Study name Treatment period Statistics for each study Difference in 
means and 95% CI

Difference Standard Lower Upper 
in means error Variance limit limit Z-Value p-Value

1 m Yamagami 2008 1 m 10.6 1.0 0.9 8.7 12.5 10.9 0.0

1 m Della-Morte 2011 1 m 21.9 1.1 1.2 19.8 24.0 20.2 0.0

1 m 16.3 5.6 31.8 5.2 27.3 2.9 0.0

12 m Nakamura 2008 12 m 32.1 1.5 2.2 29.2 35.0 21.9 0.0

12 m Kadaglou 2010̂ 12 m 32.6 2.0 3.9 28.7 36.5 16.5 0.0

12 m Kadaglou 2010̂ ^ 12 m 51.4 3.1 9.8 45.3 57.5 16.4 0.0

12 m Nohara 2013 12 m 16.9 9.4 87.8 -1.4 35.3 1.8 0.1

12 m 35.4 4.6 21.3 26.4 44.5 7.7 0.0

6 m Watanabe 2005 6 m 14.1 0.9 0.7 12.4 15.8 16.5 0.0

6 m Kadaglou 2008 6 m 36.0 2.2 4.8 31.7 40.3 16.5 0.0

6 m Yamada 2009 6 m 17.0 1.9 3.5 13.3 20.7 9.1 0.0

6 m Kadaglou 2009* 6 m 48.4 3.9 15.1 40.8 56.1 12.5 0.0

6 m Kadaglou 2009** 6 m 36.8 1.7 2.9 33.5 40.1 21.6 0.0

6 m 30.2 6.2 38.1 18.1 42.3 4.9 0.0

Overall 28.3 3.1 9.6 22.3 34.4 9.2 0.0
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Figure 19. Effect of statins on LDL 
 

 
Figure 20. Effects of statins on HDL 
 

 

 
Figure 21. Effects of statins on hsCRP 
 



	  58	  

Reproducibility of the measurements 

Study I  

The interobserver variability was expressed by intra-class correlation coefficient, for 

GSM it was 0.928 (95% CI 0.899–0.950) and for JBA it was (0.927; 95% CI 0.848–

0.965). Furthermore, the interobserver agreement for the presence of JBA and 

Geroulakos plaque type between the same two independent observers was also 

satisfactory (K = 0.948, p < 0.0001 and α = 0.843, p < 0.001). 

Study II and III  

There was a good agreement between the two observers for both intima–media 

complex and plaque measurements. The interobserver variability for IMT 

measurements expressed by intra-class correlation coefficient was 0.977 (95% CI; 

0.963–0.988) and for IM-GSM it was 0.934 (95% CI; 0.783–0.980). Also for the 

plaque measurements the intra-class correlation was 0.921 (95% CI; 0.89–0.942) and 

for JBA it was 0.910 (95% CI; 0.871–0.960) p < 0.001. The Bland–Altman test for 

the intima-media measurement is presented in Figure 22. There was not any 

proportional bias in our measurements; mean difference between the two observers' 

measures was not significantly different from zero. 

 
Figure 22. a. Bland–Altman plot for IMT measurements. In linear regression analysis 
t-test was not significant (p = 0.178), there was no proportional bias. Bias = 0.0015, 
upper limits of agreement (LOA) = 0.016, and lower LOA = − 0.0135. 

b. Bland–Altman plot for IM-GSM. In linear regression analysis t-test was not 
significant (p = 0.121), there was no proportional bias. Bias = 1.27, upper LOA = 12.8 
and lower LOA = − 10.3. 
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DISCUSSION 

Study I	  	  

The results of this study show that the contralateral to symptomatic carotid plaques 

have similar morphological and textural features to the symptomatic ones but more 

vulnerable features than the asymptomatic arteries.  

It is generally believed that the pattern of atherosclerosis is unpredictable in patients 

with carotid artery disease. In our cohort, the symptomatic group had more aggressive 

disease, in the right and left carotid systems, in the form of irregular contour, more 

echolucent and with signs of inconsistent texture, suggesting vulnerable plaque nature 

compared to those seen in asymptomatic patients. Although the symptoms were 

unilateral, our results clearly show that very similar disease severity affected the 

contralateral carotid artery. However, the more frequently present JBA in the 

symptomatic side represents an additional evidence for plaque instability which could 

also help in better patient risk stratification. In addition, such findings confirm the 

generalized nature of atherosclerosis in patients with carotid disease, for not only 

involving more than one segment at the side of the symptoms but also the 

contralateral side and suggest that adding assessment of JBA to plaque GSM could be 

a better indicator for identifying high risk patients. Previous histological and imaging 

studies suggested that vulnerable patients may have multiple unstable lesions, other 

than the culprit ones, either distally or even in another territory (1, 169). These claims 

thus support our results. Likewise, biochemical findings suggest that aggressive 

inflammatory reactions might explain the development of symptoms in an arterial 

system (170, 171), which is otherwise similar to another that is asymptomatic (172).  

Asymptomatic carotid arteries had less vulnerable plaque features as shown by higher 

GSM, and GSM of the JBA, and less frequently mild and markedly irregular plaques. 

It has been shown that videodensitometric computer analysis of carotid images can 

identify potentially unstable plaques, which are less echogenic than stable 

asymptomatic densely fibrotic plaques (63). Surface plaque irregularities, GSM and 

JBA have been evaluated previously in many carotid artery studies as an attempt to 

correlate with histology and to predict future cerebrovascular events (75, 78, 173). 

Studies that compared US findings with histology showed that the presence and 
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extend of JBA correlated with vulnerable phenotype of the carotid plaque and that 

low GSM is associated with large hemorrhagic areas, while lower GSM values 

located in the juxtaluminal position (close to the lumen) are associated with 

predominant necrotic cores (66). To our knowledge this is the first study that provides 

information on plaque vulnerability in contralateral carotid arteries as assessed by 

morphological and textural features. 

Study II 

The results of this study show that IMT measured in common carotid artery correlated 

with severity of plaque stenosis and irregularities in the carotid bifurcation and the 

internal carotid artery (ICA). Also, its echogenicity (IM-GSM) correlated with 

textural features of distal carotid plaques. IM-GSM was related to plaque 

echogenicity, even after adjusting for IMT and other conventional clinical risk factors 

(age, sex, hypertension, diabetes, LDL and HDL). Furthermore, patients with bilateral 

carotid disease had clear evidence for higher IMT and lower GSM values as well as 

more features for vulnerable plaque at the bifurcation and ICA.  

The generalized inflammatory nature of atherosclerosis was confirmed in many 

studies (32). Increased common carotid IMT was considered a sign of early 

atherosclerotic changes and has been shown to predict cardiovascular and 

cerebrovascular events (63, 158) that result from bifurcation and proximal internal 

lesions in patients with known atherosclerotic disease. Also, a low IM-GSM was 

associated with increased cardiovascular morbidity and mortality (95, 174). However, 

the evidence of a potential relationship between measurements in two different 

segments of carotid artery, arterial wall measurements in CCA with plaque features in 

bifurcation and ICA has only been reported as modest (94, 175). The results of this 

study again support the concept of diffuse carotid disease, with significant stenosis at 

the site of bifurcation having its roots clearly defined at the proximal segment of the 

artery. These findings were confirmed in other arterial systems as well, as the severity 

of the disease in proximal segments of the coronary artery were closely related with 

severity of the disease parts at the branching points (176). Furthermore, the 

exaggerated features of plaque vulnerability in patients, with bilateral carotid disease 

compared to those with unilateral disease support this interpretation. We did not find 

any relationship between IMT in the CCA and textural plaque features, neither 
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between IM-GSM and morphological features, suggesting that these two measures 

may have just a complementary role in determining disease vulnerability.  

Study III 

This study demonstrates that IMT and IM-GSM measured in common carotid artery 

are associated with atherosclerosis disease affecting the other vascular systems, 

particularly coronary arteries but not atherosclerosis related lower extremity disease. 

Only IM-GSM was consistently different between patient groups according to the 

number of diseased arterial systems. It was progressively increased with increasing 

number of arterial systems affected by atherosclerosis. It was lower in patients with 

previous symptoms in one vascular system compared to truly asymptomatic patients 

and even lower in those with atherosclerosis in multi-system arterial disease. The 

conventional measure of the carotid arterial wall, IMT, was less sensitive in showing 

similar differences between groups.  

 

Atherosclerosis as an inflammatory disease, although its worst consequences are 

derived by affecting coronary and carotid arteries, it could affect any arterial bed. 

Several studies have revealed a clinically important relationship between the two 

arterial systems, coronary and carotid. IMT and especially plaque presence in the 

carotid arteries is an important predictor of coronary artery disease in the future. 

Patients with previous stroke have been shown to be at risk of suffering another stroke 

and even higher risk of suffering a future MI (1). In addition, patients with 

generalized atherosclerotic disease, having multiple systems affected have been 

considered as “vulnerable patients”. In general, almost a quarter of patients with 

symptomatic disease in one vascular system stand a 25% risk for developing MI, 

stroke or vascular death compared to >40% in those having multiple diseased arterial 

systems (119). The latter group therefore, can be considered vulnerable in view of the 

high risk they carry for vascular events. It was only them, who had the lowest IM-

GSM, meaning an echolucent intima-media complex, supporting this measure as a 

much more sensitive indicator for differentiating patients as they went from 

asymptomatic to symptomatic with single arterial system affected and finally to 

symptomatic multi-system disease.  
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IM-GSM is a newly introduced measure of the carotid arterial wall, like the GSM of 

the plaque; a low IM-GSM is associated with a soft intima-media layer of the 

common carotid artery. IM-GSM can add incremental information over and above 

conventional risk factors for optimum patient’s risk stratification. An echolucent IM-

complex (low IM-GSM) was associated with a three-fold greater risk of all-cause 

mortality and an eight-fold greater risk of cardiovascular mortality (174).  

 

Only few head-to-head comparisons between IMT and IM-GSM were previously 

attempted. While, increased IMT was related to increased systolic blood pressure and 

to male gender, low values of IM-GSM related to low levels of HDL-C and increased 

levels of inflammatory markers (CRP). IMT, itself, has been demonstrated to 

correlate with the severity of arterial stenosis and plaque irregularity, whereas IM-

GSM was highly related to plaque textural features at the bifurcation and ICA (94) 

with echolucent plaques being more vulnerable than the echo dense ones. It remains 

to be confirmed in prospective studies if the combined means of assessing carotid 

disease IM thickness and its GSM represent a comprehensive approach for accurate 

estimation of overall arterial disease risk patients could carry. 

 

Study IV 

 

Different features that characterize the atherosclerotic plaque could be recognized 

using carotid ultrasound. Echolucent (soft) plaques represent the ones associated with 

potential cerebrovascular complications (155), and echogenic (hard) plaques represent 

more stable fibro-calcific phenotype. 

Statins therapy is a well-established treatment for atherosclerosis and its 

complications. Their beneficial clinical effect, in the form of reduced events, e.g., 

stroke and coronary syndromes, is through lowering LDL-cholesterol levels (134) and 

their anti-inflammatory effect (128). Plaque echogenicity increased after statin 

therapy represents an early effect that could be used for monitoring individual 

patient’s response to therapy. There is evidence confirming that the changes in plaque 

volume in patients using statins appear later, after changes in echogenicity. This is not 

a unique feature of carotid disease, but also coronary plaques, which have been shown 

to demonstrate quantitative regression in volume within months of statins therapy 
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(177). In this study, using meta-regression analysis, the effect of statins on plaque 

echogenicity was shown to be independent of changes in LDL and HDL levels, but 

was related to changes of hsCRP levels. This finding is in accordance with another 

study that confirmed that the plasma lipid levels or their genetic determinants do not 

influence histologically evaluated carotid plaque composition. 

In addition, we confirmed that the increased echogenicity was higher in patients 

treated for a longer period, again irrespective of the cholesterol level at baseline. 

Current data indicate that effects of statins on carotid plaque are dose-dependent, 

higher statins doses have a more potent effect on increasing plaque echogenicity 

compared to smaller doses. Our analysis shows that ultrasound carotid imaging plays 

a pivotal role in early and potential continuous monitoring of such an effect.  

 

Clinical Importance 

Study I 

In this study we confirmed the concept of widespread atherosclerosis pathology that 

may have important therapeutic implications, as these individuals should receive 

aggressive secondary prevention treatment in addition to the revascularization, being 

at high risk of recurrent events. Our results highlight the importance of more detailed 

scanning of other non-culprit arteries located in the contralateral side. Improvement of 

imaging modalities that could identify histologically confirmed vulnerable plaque 

features e.g. hemorrhage and neovascularization, disease progression could be better 

monitored and the risk of stroke better controlled. 

Study II 

The well-established carotid IMT sensitivity in predicting vascular events can be 

extended to clinical prediction of stenosis severity in the distal segments. The newly 

introduced measure of carotid wall echogenicity (IM-GSM) is a promising technique 

for identifying distal carotid plaque features of stability and potential vulnerability. 

Because plaque features were different to those related to IMT, integrating both 

measurements, IMT and IM-GSM in a model that could increase the predictability of 

future events and thereby be used as a better marker of disease vulnerability than each 
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measure individually should increase the accuracy of the investigation. 

Study III 

Carotid IM-GSM is a novel technique for identifying patients at higher risk for future 

ischemic events, particularly those with multi-system disease. Identifying such 

patients should warrant aggressive medical management of modifiable risk factors. 

However, to justify such implementation in clinical practice, these results need to be 

reproduced prospectively and also the technique needs to be confirmed as a 

reproducible one among a wide range of operators. 

Study IV 

Changes of carotid plaque composition has been shown to occur long before changes 

of plaque volume, supporting the use of carotid ultrasound analysis of plaque 

echogenicity as a marker of plaque stability in response to statins therapy. In addition, 

the effects of statins on the plaques were progressive and independent of baseline 

cholesterol levels. Based on these data, echogenicity evaluation by carotid ultrasound 

could contribute to the concept of “individualized therapy” with statins, especially in 

low/intermediate risk asymptomatic patients, where it might support treatment 

adjustments for targeting better clinical outcome. 

 

Limitations 

Study I 

The most important limitations of this study are the small number of patients 

analyzed, particularly asymptomatic patients, also being a retrospective study with its 

known limitations. Another limitation is the lack of body mass index data and of the 

detailed information for the presence and characteristics of atherosclerotic disease in 

other arterial systems e.g. coronary, intra-cerebral and peripheral vascular diseases. 

The data in this retrospective study was extracted from analog storage and the images 

used for analysis were slightly clouded. However, applying standard image 

despeckle-filtering methodology prior to the image analysis minimized the noise 

(178). In general, the calculated features were robust, however, the entropy was not, 
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and the remaining noise may have influenced these values, giving a higher variance, 

and weakening potential additional differences between groups. 

Study II 

This is a retrospective study, which is known for its limitation. Confirmation of our 

findings in prospective evaluation should strengthen their regular use in clinical 

practice. Our findings are limited to asymptomatic patients; however, exclusion of 

symptomatic patients could have contributed to avoid any potential erroneous 

measurements resulting from plaque rupture or a clot adherent to the plaque. The 

carotid scans were performed by a number of operators, but we believe that they all 

had the experience to run a clinical service independently. 

Study III 

The first limitation of this study is its retrospective nature. Secondly, the information 

about previous symptoms in different arterial systems was acquired from patients’ 

medical records, and not by direct imaging of the arterial systems. In addition, 

information on the duration of individual risk factors that could have influenced the 

results was not available. Assessing of the arterial wall thickness and plaque analysis 

of the lower extremity arteries together with any non-invasive imaging modality to 

assess directly the coronary artery plaque burden would have been of great interest, 

however, it was not possible with the retrospective nature of the study. 

Study IV 

A systematic review based on relevant key words might have missed some relevant 

publications, however, two investigators blinded to each other’s means of search 

checked the search. Another limitation was the low number of patients included in 

studies and that variable doses were used in different studies. Studies included had 

different follow-up periods, and in most studies, statins dosage was ranged, thus 

limiting the possibility of assessing the dose effect on plaque echogenicity using the 

meta-regression analysis.  
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CONCLUSIONS 

Study I 

Symptomatic patients with carotid stenosis have profound features of vulnerable 

plaques in both sides, suggesting increased relative vulnerability of the contralateral 

plaques. These findings support the concept of generalized atherosclerotic pathology 

rather than incidental unilateral disease, and hence emphasize the need for more 

aggressive treatment for secondary atherosclerosis prevention. 

Study II 

Common carotid IMT correlates with distal bifurcation and internal carotid stenosis, 

even in patients with established disease in distal segments. In addition, proximal 

IMT echolucency (low IM-GSM) is associated with distal arterial plaque 

vulnerability. Since, adding textural features of the plaque have been shown to have 

incremental information over and above the degree of stenosis alone, we suggest that 

the combination of IMT and IM-GSM evaluation could have a complementary role in 

identifying vulnerable patients needing aggressive plaque stabilization therapy. 

Study III 

Carotid IMT was higher and IM-GSM lower in patients with symptomatic nearby 

arterial territories but not in those with atherosclerosis disease relied in distal arterial 

systems, e.g. lower extremity. It was only the IM-GSM that was able to differentiate 

between the severity of atherosclerotic arterial territories, based on the number of 

systems involved, suggesting a better surrogate for monitoring systemic burden of 

atherosclerosis. 

Study IV 

This systematic review and meta-analysis support the use of echogenicity assessment 

by carotid ultrasound as a marker of plaque stability in response to statins therapy. 

These changes were showed to be independent of plaque area or volume, suggesting 

that they might reflect an early effect before anatomical response and plaque 

shrinking is detected. The effects of statins on the plaques were progressive and 

independent of baseline cholesterol levels. Applying this method in monitoring 
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patients with carotid stenosis might support treatment adjustment for targeting better 

clinical outcome. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



	  68	  

Acknowledgement 

 

Firstly, I would like to express my sincere gratitude to my supervisor Professor 
Michael Henein for the continuous support of my Ph.D study and related research, 
for his patience, motivation, and immense knowledge. His guidance helped me in all 
the time of research and writing of this thesis. He has inspired me to become an 
independent researcher and helped me realize the power of critical reasoning. I could 
not have imagined having a better supervisor for my Ph.D study. 

Besides my supervisor, I would like to thank my co-supervisor Professor Per Wester 
and his fellow Elias Johansson, who provided me opportunity to use their data; for 
their insightful comments, but also for the hard question which incented me to widen 
my research from various perspectives.  

This PhD study would not have been possible without collaboration and support of 
Professor Christer Grönlund, who made me possible to use a special software for 
assessing textural plaque features. 

Particularly, I would like to acknowledge, Professor Gani Bajraktari, for his 
valuable advices and extensive discussions around my work and for his constant 
support and encouragement. 

Special thanks to Kerstin Rosenqvist, who made all administrative issues during my 
Ph.D study, very easy. 

I would like to express my gratitude to my parents-in-law Bedri Jashari and Shqipe 
Jashari for their unfailing emotional and financial support.  

I would also like to say a heartfelt thank you to my parents, my brother, Driton and 
my sister, Jehona, for always believing in me and encouraging me to follow my 
dreams.  

And finally to my beloved husband, Fisnik Jashari, who has been by my side 
throughout this PhD, living every single minute of it, and without whom, I would not 
have had the courage to embark on this journey in the first place. And to my daughter, 
darling Elena, for being such a good little baby that past three months, and making it 
possible for me to complete what I started.  

 

 

 



	   69	  

References 

1. Jashari F, Ibrahimi P, Nicoll R, Bajraktari G, Wester P, Henein MY. Coronary 

and carotid atherosclerosis: similarities and differences. Atherosclerosis. 

2013;227(2):193-200. 

2. Hellings WE, Peeters W, Moll FL, Pasterkamp G. From vulnerable plaque to 

vulnerable patient: the search for biomarkers of plaque destabilization. Trends in 

cardiovascular medicine. 2007;17(5):162-71. 

3. Hackett D DG, Maseri A. Pre-existing coronary stenoses in patients with first 

myocardial infarction are not necessarily severe. European heart journal. 

1988;9(12):1317-23. 

4. Randomised trial of cholesterol lowering in 4444 patients with coronary heart 

disease: the Scandinavian Simvastatin Survival Study (4S). Lancet. 

1994;344(8934):1383-9. 

5. Corti R, Fayad ZA, Fuster V, Worthley SG, Helft G, Chesebro J, et al. Effects 

of lipid-lowering by simvastatin on human atherosclerotic lesions: a longitudinal 

study by high-resolution, noninvasive magnetic resonance imaging. Circulation. 

2001;104(3):249-52. 

6. Roger VL, Go AS, Lloyd-Jones DM, Benjamin EJ, Berry JD, Borden WB, et 

al. Heart disease and stroke statistics--2012 update: a report from the American Heart 

Association. Circulation. 2012;125(1):e2-e220. 

7. Celermajer DS, Chow CK, Marijon E, Anstey NM, Woo KS. Cardiovascular 

disease in the developing world: prevalences, patterns, and the potential of early 

disease detection. Journal of the American College of Cardiology. 2012;60(14):1207-

16. 

8. Mathers CD, Loncar D. Projections of global mortality and burden of disease 

from 2002 to 2030. PLoS Med. 2006;3(11):e442. 

9. European Stroke O, Tendera M, Aboyans V, Bartelink ML, Baumgartner I, 

Clement D, et al. ESC Guidelines on the diagnosis and treatment of peripheral artery 

diseases: Document covering atherosclerotic disease of extracranial carotid and 

vertebral, mesenteric, renal, upper and lower extremity arteries: the Task Force on the 

Diagnosis and Treatment of Peripheral Artery Diseases of the European Society of 

Cardiology (ESC). European heart journal. 2011;32(22):2851-906. 



	  70	  

10. Kannel WB. Risk factors for atherosclerotic cardiovascular outcomes in 

different arterial territories. Journal of cardiovascular risk. 1994;1(4):333-9. 

11. Kannel WB, Wolf PA. Peripheral and cerebral atherothrombosis and 

cardiovascular events in different vascular territories: insights from the Framingham 

Study. Current atherosclerosis reports. 2006;8(4):317-23. 

12. Yin JH, Song ZY, Shan PF, Xu J, Ye ZM, Xu XH, et al. Age- and gender-

specific prevalence of carotid atherosclerosis and its association with metabolic 

syndrome in Hangzhou, China. Clinical endocrinology. 2012;76(6):802-9. 

13. Hanratty B, Lawlor DA, Robinson MB, Sapsford RJ, Greenwood D, Hall A. 

Sex differences in risk factors, treatment and mortality after acute myocardial 

infarction: an observational study. Journal of epidemiology and community health. 

2000;54(12):912-6. 

14. Kam R, Cutter J, Chew SK, Tan A, Emmanuel S, Mak KH, et al. Gender 

differences in outcome after an acute myocardial infarction in Singapore. Singapore 

medical journal. 2002;43(5):243-8. 

15. Reeves MJ, Bushnell CD, Howard G, Gargano JW, Duncan PW, Lynch G, et 

al. Sex differences in stroke: epidemiology, clinical presentation, medical care, and 

outcomes. The Lancet Neurology. 2008;7(10):915-26. 

16. Sakakura K, Nakano M, Otsuka F, Ladich E, Kolodgie FD, Virmani R. 

Pathophysiology of atherosclerosis plaque progression. Heart, lung & circulation. 

2013;22(6):399-411. 

17. Di Noi P, Brancati MF, Burzotta F, Trani C. Multisite artery disease: a 

common and challenging clinical condition calling for specific management. Future 

cardiology. 2014;10(3):395-407. 

18. Resnick N, Collins T, Atkinson W, Bonthron DT, Dewey CF, Jr., Gimbrone 

MA, Jr. Platelet-derived growth factor B chain promoter contains a cis-acting fluid 

shear-stress-responsive element. Proceedings of the National Academy of Sciences of 

the United States of America. 1993;90(10):4591-5. 

19. Libby P, Ridker PM, Hansson GK. Progress and challenges in translating the 

biology of atherosclerosis. Nature. 2011;473(7347):317-25. 

20. Libby P. Inflammation in atherosclerosis. Nature. 2002;420(6917):868-74. 



	   71	  

21. Glagov S, Weisenberg E, Zarins CK, Stankunavicius R, Kolettis GJ. 

Compensatory enlargement of human atherosclerotic coronary arteries. The New 

England journal of medicine. 1987;316(22):1371-5. 

22. Clarkson TB, Prichard RW, Morgan TM, Petrick GS, Klein KP. Remodeling 

of coronary arteries in human and nonhuman primates. Jama. 1994;271(4):289-94. 

23. Lusis AJ. Atherosclerosis. Nature. 2000;407(6801):233-41. 

24. Burke AP, Farb A, Malcom GT, Liang YH, Smialek J, Virmani R. Coronary 

risk factors and plaque morphology in men with coronary disease who died suddenly. 

The New England journal of medicine. 1997;336(18):1276-82. 

25. Chesebro JH, Fuster V. Thrombosis in unstable angina. The New England 

journal of medicine. 1992;327(3):192-4. 

26. Burke AP, Kolodgie FD, Farb A, Weber DK, Malcom GT, Smialek J, et al. 

Healed plaque ruptures and sudden coronary death: evidence that subclinical rupture 

has a role in plaque progression. Circulation. 2001;103(7):934-40. 

27. Tegos TJ, Sohail M, Sabetai MM, Robless P, Akbar N, Pare G, et al. 

Echomorphologic and histopathologic characteristics of unstable carotid plaques. 

AJNR American journal of neuroradiology. 2000;21(10):1937-44. 

28. Coli S, Magnoni M, Sangiorgi G, Marrocco-Trischitta MM, Melisurgo G, 

Mauriello A, et al. Contrast-enhanced ultrasound imaging of intraplaque 

neovascularization in carotid arteries: correlation with histology and plaque 

echogenicity. Journal of the American College of Cardiology. 2008;52(3):223-30. 

29. Schroeder S, Kopp AF, Baumbach A, Meisner C, Kuettner A, Georg C, et al. 

Noninvasive detection and evaluation of atherosclerotic coronary plaques with 

multislice computed tomography. Journal of the American College of Cardiology. 

2001;37(5):1430-5. 

30. Takaya N, Yuan C, Chu B, Saam T, Underhill H, Cai J, et al. Association 

between carotid plaque characteristics and subsequent ischemic cerebrovascular 

events: a prospective assessment with MRI--initial results. Stroke; a journal of 

cerebral circulation. 2006;37(3):818-23. 

31. Rudd JH, Warburton EA, Fryer TD, Jones HA, Clark JC, Antoun N, et al. 

Imaging atherosclerotic plaque inflammation with [18F]-fluorodeoxyglucose positron 

emission tomography. Circulation. 2002;105(23):2708-11. 



	  72	  

32. Ibrahimi P, Jashari F, Nicoll R, Bajraktari G, Wester P, Henein MY. Coronary 

and carotid atherosclerosis: how useful is the imaging? Atherosclerosis. 

2013;231(2):323-33. 

33. Gronholdt ML. B-mode ultrasound and spiral CT for the assessment of carotid 

atherosclerosis. Neuroimaging clinics of North America. 2002;12(3):421-35. 

34. De Blois J, Stranden E, Jogestrand T, Henareh L, Agewall S. Echogenicity of 

the carotid intima-media complex and cardiovascular risk factors. Clinical physiology 

and functional imaging. 2012;32(5):400-3. 

35. Barnett HJ, Taylor DW, Eliasziw M, Fox AJ, Ferguson GG, Haynes RB, et al. 

Benefit of carotid endarterectomy in patients with symptomatic moderate or severe 

stenosis. North American Symptomatic Carotid Endarterectomy Trial Collaborators. 

The New England journal of medicine. 1998;339(20):1415-25. 

36. North American Symptomatic Carotid Endarterectomy Trial C. Beneficial 

effect of carotid endarterectomy in symptomatic patients with high-grade carotid 

stenosis. The New England journal of medicine. 1991;325(7):445-53. 

37. Randomised trial of endarterectomy for recently symptomatic carotid stenosis: 

final results of the MRC European Carotid Surgery Trial (ECST). Lancet. 

1998;351(9113):1379-87. 

38. Fisher M, Martin A, Cosgrove M, Norris JW. The NASCET-ACAS plaque 

project. North American Symptomatic Carotid Endarterectomy Trial. Asymptomatic 

Carotid Atherosclerosis Study. Stroke; a journal of cerebral circulation. 1993;24(12 

Suppl):I24-5; discussion I31-2. 

39. AbuRahma AF, Srivastava M, Stone PA, Mousa AY, Jain A, Dean LS, et al. 

Critical appraisal of the Carotid Duplex Consensus criteria in the diagnosis of carotid 

artery stenosis. Journal of vascular surgery. 2011;53(1):53-9; discussion 9-60. 

40. Saba L, Mallarini G. A comparison between NASCET and ECST methods in 

the study of carotids: evaluation using Multi-Detector-Row CT angiography. 

European journal of radiology. 2010;76(1):42-7. 

41. Saba L, Anzidei M, Sanfilippo R, Montisci R, Lucatelli P, Catalano C, et al. 

Imaging of the carotid artery. Atherosclerosis. 2012;220(2):294-309. 

42. Saba L, Sanfilippo R, Montisci R, Mallarini G. Correlation between US-PSV 

and MDCTA in the quantification of carotid artery stenosis. European journal of 

radiology. 2010;74(1):99-103. 



	   73	  

43. Heijenbrok-Kal MH, Nederkoorn PJ, Buskens E, van der Graaf Y, Hunink 

MG. Diagnostic performance of duplex ultrasound in patients suspected of carotid 

artery disease: the ipsilateral versus contralateral artery. Stroke; a journal of cerebral 

circulation. 2005;36(10):2105-9. 

44. Grant EG, Benson CB, Moneta GL, Alexandrov AV, Baker JD, Bluth EI, et 

al. Carotid artery stenosis: gray-scale and Doppler US diagnosis--Society of 

Radiologists in Ultrasound Consensus Conference. Radiology. 2003;229(2):340-6. 

45. Taylor DC, Strandness DE, Jr. Carotid artery duplex scanning. Journal of 

clinical ultrasound : JCU. 1987;15(9):635-44. 

46. Ray SA, Lockhart SJ, Dourado R, Irvine AT, Burnand KG. Effect of 

contralateral disease on duplex measurements of internal carotid artery stenosis. Br J 

Surg. 2000;87(8):1057-62. 

47. Jahromi AS, Cina CS, Liu Y, Clase CM. Sensitivity and specificity of color 

duplex ultrasound measurement in the estimation of internal carotid artery stenosis: a 

systematic review and meta-analysis. Journal of vascular surgery. 2005;41(6):962-72. 

48. Kitamura A, Iso H, Imano H, Ohira T, Okada T, Sato S, et al. Carotid intima-

media thickness and plaque characteristics as a risk factor for stroke in Japanese 

elderly men. Stroke; a journal of cerebral circulation. 2004;35(12):2788-94. 

49. Prabhakaran S, Rundek T, Ramas R, Elkind MS, Paik MC, Boden-Albala B, 

et al. Carotid plaque surface irregularity predicts ischemic stroke: the northern 

Manhattan study. Stroke; a journal of cerebral circulation. 2006;37(11):2696-701. 

50. Liapis CD, Paraskevas KI. Do carotid surface irregularities correlate with the 

development of cerebrovascular symptoms? An analysis of the supporting studies, the 

opposing studies, and the possible pathomechanism. Vascular. 2006;14(2):88-92. 

51. Ainsworth CD, Blake CC, Tamayo A, Beletsky V, Fenster A, Spence JD. 3D 

ultrasound measurement of change in carotid plaque volume: a tool for rapid 

evaluation of new therapies. Stroke; a journal of cerebral circulation. 

2005;36(9):1904-9. 

52. Fisher M, Paganini-Hill A, Martin A, Cosgrove M, Toole JF, Barnett HJ, et al. 

Carotid plaque pathology: thrombosis, ulceration, and stroke pathogenesis. Stroke; a 

journal of cerebral circulation. 2005;36(2):253-7. 



	  74	  

53. Adetiloye VA, Al Damegh S. Sonographic evaluation of plaque morphology 

in haemodynamic and non-haemodynamic symptomatic carotid artery stenoses. 

African journal of medicine and medical sciences. 2003;32(4):381-5. 

54. Carra G, Visona A, Bonanome A, Lusiani L, Pesavento R, Bortolon M, et al. 

Carotid plaque morphology and cerebrovascular events. International angiology : a 

journal of the International Union of Angiology. 2003;22(3):284-9. 

55. Virmani R, Burke AP, Farb A, Kolodgie FD. Pathology of the vulnerable 

plaque. Journal of the American College of Cardiology. 2006;47(8 Suppl):C13-8. 

56. Picano E, Paterni M. Ultrasound tissue characterization of vulnerable 

atherosclerotic plaque. International journal of molecular sciences. 2015;16(5):10121-

33. 

57. Reilly LM, Lusby RJ, Hughes L, Ferrell LD, Stoney RJ, Ehrenfeld WK. 

Carotid plaque histology using real-time ultrasonography. Clinical and therapeutic 

implications. American journal of surgery. 1983;146(2):188-93. 

58. Johnson JM, Kennelly MM, Decesare D, Morgan S, Sparrow A. Natural 

history of asymptomatic carotid plaque. Archives of surgery. 1985;120(9):1010-2. 

59. Gray-Weale AC, Graham JC, Burnett JR, Byrne K, Lusby RJ. Carotid artery 

atheroma: comparison of preoperative B-mode ultrasound appearance with carotid 

endarterectomy specimen pathology. The Journal of cardiovascular surgery. 

1988;29(6):676-81. 

60. Geroulakos G RG, Nicolaides A, James K, Labropoulos N, Belcaro G, 

Holloway M. Characterization of symptomatic and asymptomatic carotid plaques 

using high-resolution real-time ultrasonography. Br J Surg. 1993;80(10):1274-7. 

61. el-Barghouty N, Geroulakos G, Nicolaides A, Androulakis A, Bahal V. 

Computer-assisted carotid plaque characterisation. European journal of vascular and 

endovascular surgery : the official journal of the European Society for Vascular 

Surgery. 1995;9(4):389-93. 

62. Nicolaides AN, Kakkos SK, Kyriacou E, Griffin M, Sabetai M, Thomas DJ, et 

al. Asymptomatic internal carotid artery stenosis and cerebrovascular risk 

stratification. Journal of vascular surgery. 2010;52(6):1486-96 e1-5. 

63. Baroncini LA PFA, Murta Junior LO, Martins AR, Ramos SG, Cherri J, 

Piccinato CE. Ultrasonic tissue characterization of vulnerable carotid plaque: 



	   75	  

correlation between videodensitometric method and histological examination. 

Cardiovascular Ultrasound. 2006;4(1):32. 

64. Amadasun M. KR. Textural features corresponding to textural properties. 

IEEE Transactions on Systems, Man, and Cybernetics. 1989;19(5):1264-74. 

65. Pedro LM, Pedro MM, Goncalves I, Carneiro TF, Balsinha C, Fernandes e 

Fernandes R, et al. Computer-assisted carotid plaque analysis: characteristics of 

plaques associated with cerebrovascular symptoms and cerebral infarction. European 

journal of vascular and endovascular surgery : the official journal of the European 

Society for Vascular Surgery. 2000;19(2):118-23. 

66. Sztajzel R, Momjian S, Momjian-Mayor I, Murith N, Djebaili K, Boissard G, 

et al. Stratified gray-scale median analysis and color mapping of the carotid plaque: 

correlation with endarterectomy specimen histology of 28 patients. Stroke; a journal 

of cerebral circulation. 2005;36(4):741-5. 

67. Ostling G, Persson M, Hedblad B, Goncalves I. Comparison of grey scale 

median (GSM) measurement in ultrasound images of human carotid plaques using 

two different softwares. Clinical physiology and functional imaging. 2013;33(6):431-

5. 

68. Sabetai MM, Tegos TJ, Nicolaides AN, Dhanjil S, Pare GJ, Stevens JM. 

Reproducibility of computer-quantified carotid plaque echogenicity: can we 

overcome the subjectivity? Stroke; a journal of cerebral circulation. 2000;31(9):2189-

96. 

69. Griffin M, Nicolaides A, Kyriacou E. Normalisation of ultrasonic images of 

atherosclerotic plaques and reproducibility of grey scale median using dedicated 

software. International angiology : a journal of the International Union of Angiology. 

2007;26(4):372-7. 

70. Urbani MP, Picano E, Parenti G, Mazzarisi A, Fiori L, Paterni M, et al. In 

vivo radiofrequency-based ultrasonic tissue characterization of the atherosclerotic 

plaque. Stroke; a journal of cerebral circulation. 1993;24(10):1507-12. 

71. Kardoulas DG, Katsamouris AN, Gallis PT, Philippides TP, Anagnostakos 

NK, Gorgoyannis DS, et al. Ultrasonographic and histologic characteristics of 

symptom-free and symptomatic carotid plaque. Cardiovascular surgery. 

1996;4(5):580-90. 



	  76	  

72. El-Barghouty NM, Levine T, Ladva S, Flanagan A, Nicolaides A. Histological 

verification of computerised carotid plaque characterisation. European journal of 

vascular and endovascular surgery : the official journal of the European Society for 

Vascular Surgery. 1996;11(4):414-6. 

73. Salem MK, Bown MJ, Sayers RD, West K, Moore D, Nicolaides A, et al. 

Identification of patients with a histologically unstable carotid plaque using ultrasonic 

plaque image analysis. European journal of vascular and endovascular surgery : the 

official journal of the European Society for Vascular Surgery. 2014;48(2):118-25. 

74. Nagano K, Yamagami H, Tsukamoto Y, Nagatsuka K, Yasaka M, Nagata I, et 

al. Quantitative evaluation of carotid plaque echogenicity by integrated backscatter 

analysis: correlation with symptomatic history and histologic findings. 

Cerebrovascular diseases. 2008;26(6):578-83. 

75. Sztajzel R, Momjian-Mayor I, Comelli M, Momjian S. Correlation of 

cerebrovascular symptoms and microembolic signals with the stratified gray-scale 

median analysis and color mapping of the carotid plaque. Stroke; a journal of cerebral 

circulation. 2006;37(3):824-9. 

76. Della-Morte D, Moussa I, Elkind MS, Sacco RL, Rundek T. The short-term 

effect of atorvastatin on carotid plaque morphology assessed by computer-assisted 

gray-scale densitometry: a pilot study. Neurological research. 2011;33(9):991-4. 

77. Biasi GM, Froio A, Diethrich EB, Deleo G, Galimberti S, Mingazzini P, et al. 

Carotid plaque echolucency increases the risk of stroke in carotid stenting: the 

Imaging in Carotid Angioplasty and Risk of Stroke (ICAROS) study. Circulation. 

2004;110(6):756-62. 

78. Griffin MB, Kyriacou E, Pattichis C, Bond D, Kakkos SK, Sabetai M, et al. 

Juxtaluminal hypoechoic area in ultrasonic images of carotid plaques and hemispheric 

symptoms. Journal of vascular surgery. 2010;52(1):69-76. 

79. Hashimoto H, Tagaya M, Niki H, Etani H. Computer-assisted analysis of 

heterogeneity on B-mode imaging predicts instability of asymptomatic carotid plaque. 

Cerebrovascular diseases. 2009;28(4):357-64. 

80. Gronholdt ML, Nordestgaard BG, Schroeder TV, Vorstrup S, Sillesen H. 

Ultrasonic echolucent carotid plaques predict future strokes. Circulation. 

2001;104(1):68-73. 



	   77	  

81. Sztajzel R. Ultrasonographic assessment of the morphological characteristics 

of the carotid plaque. Swiss medical weekly. 2005;135(43-44):635-43. 

82. Sluimer JC, Gasc JM, van Wanroij JL, Kisters N, Groeneweg M, Sollewijn 

Gelpke MD, et al. Hypoxia, hypoxia-inducible transcription factor, and macrophages 

in human atherosclerotic plaques are correlated with intraplaque angiogenesis. Journal 

of the American College of Cardiology. 2008;51(13):1258-65. 

83. Virmani R, Kolodgie FD, Burke AP, Finn AV, Gold HK, Tulenko TN, et al. 

Atherosclerotic plaque progression and vulnerability to rupture: angiogenesis as a 

source of intraplaque hemorrhage. Arteriosclerosis, thrombosis, and vascular biology. 

2005;25(10):2054-61. 

84. Fleiner M, Kummer M, Mirlacher M, Sauter G, Cathomas G, Krapf R, et al. 

Arterial neovascularization and inflammation in vulnerable patients: early and late 

signs of symptomatic atherosclerosis. Circulation. 2004;110(18):2843-50. 

85. Mughal MM, Khan MK, DeMarco JK, Majid A, Shamoun F, Abela GS. 

Symptomatic and asymptomatic carotid artery plaque. Expert review of 

cardiovascular therapy. 2011;9(10):1315-30. 

86. Staub D, Schinkel AF, Coll B, Coli S, van der Steen AF, Reed JD, et al. 

Contrast-enhanced ultrasound imaging of the vasa vasorum: from early 

atherosclerosis to the identification of unstable plaques. JACC Cardiovascular 

imaging. 2010;3(7):761-71. 

87. Stein JH, Korcarz CE, Hurst RT, Lonn E, Kendall CB, Mohler ER, et al. Use 

of carotid ultrasound to identify subclinical vascular disease and evaluate 

cardiovascular disease risk: a consensus statement from the American Society of 

Echocardiography Carotid Intima-Media Thickness Task Force. Endorsed by the 

Society for Vascular Medicine. Journal of the American Society of Echocardiography 

: official publication of the American Society of Echocardiography. 2008;21(2):93-

111; quiz 89-90. 

88. Chambless LE, Heiss G, Folsom AR, Rosamond W, Szklo M, Sharrett AR, et 

al. Association of coronary heart disease incidence with carotid arterial wall thickness 

and major risk factors: the Atherosclerosis Risk in Communities (ARIC) Study, 1987-

1993. American journal of epidemiology. 1997;146(6):483-94. 

89. Nambi V, Chambless L, Folsom AR, He M, Hu Y, Mosley T, et al. Carotid 

intima-media thickness and presence or absence of plaque improves prediction of 



	  78	  

coronary heart disease risk: the ARIC (Atherosclerosis Risk In Communities) study. 

Journal of the American College of Cardiology. 2010;55(15):1600-7. 

90. Crouse JR, 3rd, Raichlen JS, Riley WA, Evans GW, Palmer MK, O'Leary DH, 

et al. Effect of rosuvastatin on progression of carotid intima-media thickness in low-

risk individuals with subclinical atherosclerosis: the METEOR Trial. Jama. 

2007;297(12):1344-53. 

91. Smilde TJ, van Wissen S, Wollersheim H, Trip MD, Kastelein JJ, Stalenhoef 

AF. Effect of aggressive versus conventional lipid lowering on atherosclerosis 

progression in familial hypercholesterolaemia (ASAP): a prospective, randomised, 

double-blind trial. Lancet. 2001;357(9256):577-81. 

92. Rundek T, Blanton SH, Bartels S, Dong C, Raval A, Demmer RT, et al. 

Traditional risk factors are not major contributors to the variance in carotid intima-

media thickness. Stroke; a journal of cerebral circulation. 2013;44(8):2101-8. 

93. den Ruijter HM, Peters SA, Groenewegen KA, Anderson TJ, Britton AR, 

Dekker JM, et al. Common carotid intima-media thickness does not add to 

Framingham risk score in individuals with diabetes mellitus: the USE-IMT initiative. 

Diabetologia. 2013;56(7):1494-502. 

94. Lind L, Andersson J, Ronn M, Gustavsson T. The echogenecity of the intima-

media complex in the common carotid artery is closely related to the echogenecity in 

plaques. Atherosclerosis. 2007;195(2):411-4. 

95. Andersson J, Sundstrom J, Gustavsson T, Hulthe J, Elmgren A, Zilmer K, et 

al. Echogenecity of the carotid intima-media complex is related to cardiovascular risk 

factors, dyslipidemia, oxidative stress and inflammation: the Prospective Investigation 

of the Vasculature in Uppsala Seniors (PIVUS) study. Atherosclerosis. 

2009;204(2):612-8. 

96. O'Leary DH, Polak JF, Kronmal RA, Manolio TA, Burke GL, Wolfson SK, Jr. 

Carotid-artery intima and media thickness as a risk factor for myocardial infarction 

and stroke in older adults. Cardiovascular Health Study Collaborative Research 

Group. The New England journal of medicine. 1999;340(1):14-22. 

97. Lorenz MW, von Kegler S, Steinmetz H, Markus HS, Sitzer M. Carotid 

intima-media thickening indicates a higher vascular risk across a wide age range: 

prospective data from the Carotid Atherosclerosis Progression Study (CAPS). Stroke; 

a journal of cerebral circulation. 2006;37(1):87-92. 



	   79	  

98. Chambless LE, Folsom AR, Clegg LX, Sharrett AR, Shahar E, Nieto FJ, et al. 

Carotid wall thickness is predictive of incident clinical stroke: the Atherosclerosis 

Risk in Communities (ARIC) study. American journal of epidemiology. 

2000;151(5):478-87. 

99. Prabhakaran S, Singh R, Zhou X, Ramas R, Sacco RL, Rundek T. Presence of 

calcified carotid plaque predicts vascular events: the Northern Manhattan Study. 

Atherosclerosis. 2007;195(1):e197-201. 

100. Chien KL, Su TC, Jeng JS, Hsu HC, Chang WT, Chen MF, et al. Carotid 

artery intima-media thickness, carotid plaque and coronary heart disease and stroke in 

Chinese. PloS one. 2008;3(10):e3435. 

101. Salonen JT, Salonen R. Ultrasonographically assessed carotid morphology and 

the risk of coronary heart disease. Arteriosclerosis and thrombosis : a journal of 

vascular biology / American Heart Association. 1991;11(5):1245-9. 

102. Hunt KJ, Sharrett AR, Chambless LE, Folsom AR, Evans GW, Heiss G. 

Acoustic shadowing on B-mode ultrasound of the carotid artery predicts CHD. 

Ultrasound in medicine & biology. 2001;27(3):357-65. 

103. van der Meer IM, Bots ML, Hofman A, del Sol AI, van der Kuip DA, 

Witteman JC. Predictive value of noninvasive measures of atherosclerosis for incident 

myocardial infarction: the Rotterdam Study. Circulation. 2004;109(9):1089-94. 

104. Johnsen SH, Mathiesen EB. Carotid plaque compared with intima-media 

thickness as a predictor of coronary and cerebrovascular disease. Current cardiology 

reports. 2009;11(1):21-7. 

105. Cournot M, Taraszkiewicz D, Cambou JP, Galinier M, Boccalon H, Hanaire-

Broutin H, et al. Additional prognostic value of physical examination, exercise 

testing, and arterial ultrasonography for coronary risk assessment in primary 

prevention. American heart journal. 2009;158(5):845-51. 

106. Plichart M, Celermajer DS, Zureik M, Helmer C, Jouven X, Ritchie K, et al. 

Carotid intima-media thickness in plaque-free site, carotid plaques and coronary heart 

disease risk prediction in older adults. The Three-City Study. Atherosclerosis. 

2011;219(2):917-24. 

107. Yeboah J, McClelland RL, Polonsky TS, Burke GL, Sibley CT, O'Leary D, et 

al. Comparison of novel risk markers for improvement in cardiovascular risk 

assessment in intermediate-risk individuals. Jama. 2012;308(8):788-95. 



	  80	  

108. Polak JF, Szklo M, Kronmal RA, Burke GL, Shea S, Zavodni AE, et al. The 

value of carotid artery plaque and intima-media thickness for incident cardiovascular 

disease: the multi-ethnic study of atherosclerosis. Journal of the American Heart 

Association. 2013;2(2):e000087. 

109. Spence JD, Eliasziw M, DiCicco M, Hackam DG, Galil R, Lohmann T. 

Carotid plaque area: a tool for targeting and evaluating vascular preventive therapy. 

Stroke; a journal of cerebral circulation. 2002;33(12):2916-22. 

110. Bots ML, Hoes AW, Koudstaal PJ, Hofman A, Grobbee DE. Common carotid 

intima-media thickness and risk of stroke and myocardial infarction: the Rotterdam 

Study. Circulation. 1997;96(5):1432-7. 

111. McEvoy JW, Nasir K, Blumenthal RS. Calcium score reclassification: how 

should baseline risk be measured? Journal of the American College of Cardiology. 

2011;57(24):2456-7; author reply 7. 

112. Polonsky TS, McClelland RL, Jorgensen NW, Bild DE, Burke GL, Guerci 

AD, et al. Coronary artery calcium score and risk classification for coronary heart 

disease prediction. Jama. 2010;303(16):1610-6. 

113. Taylor AJ, Bindeman J, Le TP, Bauer K, Byrd C, Feuerstein IM, et al. 

Progression of calcified coronary atherosclerosis: relationship to coronary risk factors 

and carotid intima-media thickness. Atherosclerosis. 2008;197(1):339-45. 

114. Folsom AR, Kronmal RA, Detrano RC, O'Leary DH, Bild DE, Bluemke DA, 

et al. Coronary artery calcification compared with carotid intima-media thickness in 

the prediction of cardiovascular disease incidence: the Multi-Ethnic Study of 

Atherosclerosis (MESA). Archives of internal medicine. 2008;168(12):1333-9. 

115. Erbel R, Mohlenkamp S, Moebus S, Schmermund A, Lehmann N, Stang A, et 

al. Coronary risk stratification, discrimination, and reclassification improvement 

based on quantification of subclinical coronary atherosclerosis: the Heinz Nixdorf 

Recall study. Journal of the American College of Cardiology. 2010;56(17):1397-406. 

116. Schenker MP, Dorbala S, Hong EC, Rybicki FJ, Hachamovitch R, Kwong 

RY, et al. Interrelation of coronary calcification, myocardial ischemia, and outcomes 

in patients with intermediate likelihood of coronary artery disease: a combined 

positron emission tomography/computed tomography study. Circulation. 

2008;117(13):1693-700. 



	   81	  

117. Rosen BD, Fernandes V, McClelland RL, Carr JJ, Detrano R, Bluemke DA, et 

al. Relationship between baseline coronary calcium score and demonstration of 

coronary artery stenoses during follow-up MESA (Multi-Ethnic Study of 

Atherosclerosis). JACC Cardiovascular imaging. 2009;2(10):1175-83. 

118. Iwasaki K, Matsumoto T, Aono H, Furukawa H, Samukawa M. Prevalence of 

subclinical atherosclerosis in asymptomatic patients with low-to-intermediate risk by 

64-slice computed tomography. Coronary artery disease. 2011;22(1):18-25. 

119. Alberts MJ, Bhatt DL, Mas JL, Ohman EM, Hirsch AT, Rother J, et al. Three-

year follow-up and event rates in the international REduction of Atherothrombosis for 

Continued Health Registry. European heart journal. 2009;30(19):2318-26. 

120. Touze E, Varenne O, Calvet D, Mas JL. Coronary risk stratification in patients 

with ischemic stroke or transient ischemic stroke attack. International journal of 

stroke : official journal of the International Stroke Society. 2007;2(3):177-83. 

121. Razzouk L, Rockman CB, Patel MR, Guo Y, Adelman MA, Riles TS, et al. 

Co-existence of vascular disease in different arterial beds: Peripheral artery disease 

and carotid artery stenosis--Data from Life Line Screening((R)). Atherosclerosis. 

2015;241(2):687-91. 

122. Steinvil A, Sadeh B, Arbel Y, Justo D, Belei A, Borenstein N, et al. 

Prevalence and predictors of concomitant carotid and coronary artery atherosclerotic 

disease. Journal of the American College of Cardiology. 2011;57(7):779-83. 

123. Hanel RA, Xavier AR, Kirmani JF, Yahia AM, Qureshi AI. Management of 

carotid artery stenosis: comparing endarterectomy and stenting. Current cardiology 

reports. 2003;5(2):153-9. 

124. Fazel P, Johnson K. Current role of medical treatment and invasive 

management in carotid atherosclerotic disease. Proceedings. 2008;21(2):133-8. 

125. Endarterectomy for asymptomatic carotid artery stenosis. Executive 

Committee for the Asymptomatic Carotid Atherosclerosis Study. Jama. 

1995;273(18):1421-8. 

126. Halliday A MA, Marro J, Peto C, Peto R, Potter J, Thomas D, MRC 

Asymptomatic Carotid Surgery Trial (ACST) Collaborative Group. Prevention of 

disabling and fatal strokes by successful carotid endarterectomy in patients without 

recent neurological symptoms: randomised controlled trial. Lancet. 

2004;363(9420):1491-502. 



	  82	  

127. Kadoglou NP, Gerasimidis T, Moumtzouoglou A, Kapelouzou A, Sailer N, 

Fotiadis G, et al. Intensive lipid-lowering therapy ameliorates novel calcification 

markers and GSM score in patients with carotid stenosis. European journal of 

vascular and endovascular surgery : the official journal of the European Society for 

Vascular Surgery. 2008;35(6):661-8. 

128. Takemoto M, Liao JK. Pleiotropic effects of 3-hydroxy-3-methylglutaryl 

coenzyme a reductase inhibitors. Arteriosclerosis, thrombosis, and vascular biology. 

2001;21(11):1712-9. 

129. Luan Z, Chase AJ, Newby AC. Statins inhibit secretion of metalloproteinases-

1, -2, -3, and -9 from vascular smooth muscle cells and macrophages. 

Arteriosclerosis, thrombosis, and vascular biology. 2003;23(5):769-75. 

130. Bellosta S, Via D, Canavesi M, Pfister P, Fumagalli R, Paoletti R, et al. HMG-

CoA reductase inhibitors reduce MMP-9 secretion by macrophages. Arteriosclerosis, 

thrombosis, and vascular biology. 1998;18(11):1671-8. 

131. Wong B, Lumma WC, Smith AM, Sisko JT, Wright SD, Cai TQ. Statins 

suppress THP-1 cell migration and secretion of matrix metalloproteinase 9 by 

inhibiting geranylgeranylation. Journal of leukocyte biology. 2001;69(6):959-62. 

132. Koh KK. Effects of statins on vascular wall: vasomotor function, 

inflammation, and plaque stability. Cardiovascular research. 2000;47(4):648-57. 

133. Blauw GJ, Lagaay AM, Smelt AH, Westendorp RG. Stroke, statins, and 

cholesterol. A meta-analysis of randomized, placebo-controlled, double-blind trials 

with HMG-CoA reductase inhibitors. Stroke; a journal of cerebral circulation. 

1997;28(5):946-50. 

134. Amarenco P, Labreuche J, Lavallee P, Touboul PJ. Statins in stroke 

prevention and carotid atherosclerosis: systematic review and up-to-date meta-

analysis. Stroke; a journal of cerebral circulation. 2004;35(12):2902-9. 

135. Baigent C, Keech A, Kearney PM, Blackwell L, Buck G, Pollicino C, et al. 

Efficacy and safety of cholesterol-lowering treatment: prospective meta-analysis of 

data from 90,056 participants in 14 randomised trials of statins. Lancet. 

2005;366(9493):1267-78. 

136. Amarenco P, Bogousslavsky J, Callahan A, 3rd, Goldstein LB, Hennerici M, 

Rudolph AE, et al. High-dose atorvastatin after stroke or transient ischemic attack. 

The New England journal of medicine. 2006;355(6):549-59. 



	   83	  

137. Amarenco P, Goldstein LB, Szarek M, Sillesen H, Rudolph AE, Callahan A, 

3rd, et al. Effects of intense low-density lipoprotein cholesterol reduction in patients 

with stroke or transient ischemic attack: the Stroke Prevention by Aggressive 

Reduction in Cholesterol Levels (SPARCL) trial. Stroke; a journal of cerebral 

circulation. 2007;38(12):3198-204. 

138. Silva MA, Swanson AC, Gandhi PJ, Tataronis GR. Statin-related adverse 

events: a meta-analysis. Clinical therapeutics. 2006;28(1):26-35. 

139. Jukema JW, Cannon CP, de Craen AJ, Westendorp RG, Trompet S. The 

controversies of statin therapy: weighing the evidence. Journal of the American 

College of Cardiology. 2012;60(10):875-81. 

140. McKinney JS, Kostis WJ. Statin therapy and the risk of intracerebral 

hemorrhage: a meta-analysis of 31 randomized controlled trials. Stroke; a journal of 

cerebral circulation. 2012;43(8):2149-56. 

141. Wu CK YY, Lin TT, Tsai CT, Hwang JJ, Lin JL, Chen PC, Chiang FT, Lin 

LY. Statin use reduces the risk of dementia in elderly patients: a nationwide data 

survey and propensity analysis. Journal of Internal Medicine. 2014. 

142. Chen JM, Chang CW, Chang TH, Hsu CC, Horng JT, Sheu WH. Effects of 

statins on incident dementia in patients with type 2 DM: a population-based 

retrospective cohort study in Taiwan. PloS one. 2014;9(2):e88434. 

143. Sattar N, Preiss D, Murray HM, Welsh P, Buckley BM, de Craen AJ, et al. 

Statins and risk of incident diabetes: a collaborative meta-analysis of randomised 

statin trials. Lancet. 2010;375(9716):735-42. 

144. Preiss D, Seshasai SR, Welsh P, Murphy SA, Ho JE, Waters DD, et al. Risk of 

incident diabetes with intensive-dose compared with moderate-dose statin therapy: a 

meta-analysis. Jama. 2011;305(24):2556-64. 

145. Shepherd J BG, Murphy MB, Bollen EL, Buckley BM, Cobbe SM, Ford I, 

Gaw A, Hyland M, Jukema JW, Kamper AM, Macfarlane PW, Meinders AE, Norrie 

J, Packard CJ, Perry IJ, Stott DJ, Sweeney BJ, Twomey C, Westendorp RG; 

PROSPER study group. PROspective Study of Pravastatin in the Elderly at Risk. 

Pravastatin in elderly individuals at risk of vascular disease (PROSPER): a 

randomised controlled trial. Lancet. 2002;360(9346):1623-30. 

146. Hunt D YP, Simes J, Hague W, Mann S, Owensby D, Lane G, Tonkin A. 

Benefits of pravastatin on cardiovascular events and mortality in older patients with 



	  84	  

coronary heart disease are equal to or exceed those seen in younger patients: Results 

from the LIPID trial. Annals of internal medicine. 2001;134(10):931-40. 

147. Bonovas S FK, Flordellis CS, Sitaras NM. Statins and the risk of colorectal 

cancer: a meta-analysis of 18 studies involving more than 1.5 million patients. Journal 

of clinical oncology. 2007;25(23):3462-8. 

148. Bonovas S SN. Does pravastatin promote cancer in elderly patients? A meta-

analysis. Canadian Medical Association Journal. 2007;176(5):649-54. 

149. McGlynn KA DG, Sahasrabuddhe VV, Engel LS, VanSlooten A, Wells K, 

Yood MU, Alford SH. Statin use and risk of hepatocellular carcinoma in a U.S. 

population. Cancer Epidemiology. 2014;38(5):523-7. 

150. Hansen F, Bergqvist D, Lindblad B, Lindh M, Matzsch T, Lanne T. Accuracy 

of duplex sonography before carotid endarterectomy--a comparison with angiography. 

European journal of vascular and endovascular surgery : the official journal of the 

European Society for Vascular Surgery. 1996;12(3):331-6. 

151. Eliasziw M, Fox AJ, Sharpe BL, Barnett HJ. Carotid artery stenosis: external 

validity of the North American Symptomatic Carotid Endarterectomy Trial 

measurement method. Radiology. 1997;204(1):229-33. 

152. Garoff M, Johansson E, Ahlqvist J, Jaghagen EL, Arnerlov C, Wester P. 

Detection of calcifications in panoramic radiographs in patients with carotid stenoses 

>/=50%. Oral surgery, oral medicine, oral pathology and oral radiology. 

2014;117(3):385-91. 

153. Johansson EP, Arnerlov C, Wester P. Risk of recurrent stroke before carotid 

endarterectomy: the ANSYSCAP study. International journal of stroke : official 

journal of the International Stroke Society. 2013;8(4):220-7. 

154. Polak JF, O'Leary DH, Kronmal RA, Wolfson SK, Bond MG, Tracy RP, et al. 

Sonographic evaluation of carotid artery atherosclerosis in the elderly: relationship of 

disease severity to stroke and transient ischemic attack. Radiology. 1993;188(2):363-

70. 

155. Nicolaides AN KS, Kyriacou E, Griffin M, Sabetai M, Thomas DJ, Tegos T, 

Geroulakos G, Labropoulos N, Doré CJ, Morris TP, Naylor R, Abbott AL; 

Asymptomatic Carotid Stenosis and Risk of Stroke (ACSRS) Study Group. 

Asymptomatic internal carotid artery stenosis and cerebrovascular risk stratification. 

Journal of vascular surgery. 2010;52(6):1486-96. 



	   85	  

156. Mazzone AM, Urbani MP, Picano E, Paterni M, Borgatti E, De Fabritiis A, et 

al. In vivo ultrasonic parametric imaging of carotid atherosclerotic plaque by 

videodensitometric technique. Angiology. 1995;46(8):663-72. 

157. Christodoulou CI PC, Pantziaris M, Nicolaides A. . Texture-based 

classification of atherosclerotic carotid plaques. Medical Imaging, IEEE Transactions. 

2003;22(7):902-12. 

158. Gepner AD, Keevil JG, Wyman RA, Korcarz CE, Aeschlimann SE, Busse 

KL, et al. Use of carotid intima-media thickness and vascular age to modify 

cardiovascular risk prediction. Journal of the American Society of Echocardiography : 

official publication of the American Society of Echocardiography. 2006;19(9):1170-

4. 

159. Touboul PJ, Hennerici MG, Meairs S, Adams H, Amarenco P, Bornstein N, et 

al. Mannheim carotid intima-media thickness consensus (2004-2006). An update on 

behalf of the Advisory Board of the 3rd and 4th Watching the Risk Symposium, 13th 

and 15th European Stroke Conferences, Mannheim, Germany, 2004, and Brussels, 

Belgium, 2006. Cerebrovascular diseases. 2007;23(1):75-80. 

160. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, Ioannidis JP, et 

al. The PRISMA statement for reporting systematic reviews and meta-analyses of 

studies that evaluate health care interventions: explanation and elaboration. PLoS 

Med. 2009;6(7):e1000100. 

161. Slim K, Nini E, Forestier D, Kwiatkowski F, Panis Y, Chipponi J. 

Methodological index for non-randomized studies (minors): development and 

validation of a new instrument. ANZ journal of surgery. 2003;73(9):712-6. 

162. Watanabe K, Sugiyama S, Kugiyama K, Honda O, Fukushima H, Koga H, et 

al. Stabilization of carotid atheroma assessed by quantitative ultrasound analysis in 

nonhypercholesterolemic patients with coronary artery disease. Journal of the 

American College of Cardiology. 2005;46(11):2022-30. 

163. Yamagami H, Sakaguchi M, Furukado S, Hoshi T, Abe Y, Hougaku H, et al. 

Statin therapy increases carotid plaque echogenicity in hypercholesterolemic patients. 

Ultrasound in medicine & biology. 2008;34(9):1353-9. 

164. T. N, JE. O, Y. K, H. T, T. K, D. F, et al. Rapid Stabilization of Vulnerable 

Carotid Plaque Within 1 Month of Pitavastatin Treatment in Patients With Acute 

Coronary Syndrome. Journal of cardiovascular pharmacology. 2008;51(4):365-71. 



	  86	  

165. Yamada K, Yoshimura S, Kawasaki M, Enomoto Y, Asano T, Minatoguchi S, 

et al. Effects of atorvastatin on carotid atherosclerotic plaques: a randomized trial for 

quantitative tissue characterization of carotid atherosclerotic plaques with integrated 

backscatter ultrasound. Cerebrovascular diseases. 2009;28(4):417-24. 

166. Kadoglou NP, Gerasimidis T, Kapelouzou A, Moumtzouoglou A, Avgerinos 

ED, Kakisis JD, et al. Beneficial changes of serum calcification markers and 

contralateral carotid plaques echogenicity after combined carotid artery stenting plus 

intensive lipid-lowering therapy in patients with bilateral carotid stenosis. European 

journal of vascular and endovascular surgery : the official journal of the European 

Society for Vascular Surgery. 2010;39(3):258-65. 

167. Kadoglou NP SN, Moumtzouoglou A, Kapelouzou A, Gerasimidis T, Liapis 

CD. Aggressive lipid-lowering is more effective than moderate lipid-lowering 

treatment in carotid plaque stabilization. Journal of vascular surgery. 2010;55(1):114-

21. 

168. Nohara R, Daida H, Hata M, Kaku K, Kawamori R, Kishimoto J, et al. Effect 

of long-term intensive lipid-lowering therapy with rosuvastatin on progression of 

carotid intima-media thickness--Justification for Atherosclerosis Regression 

Treatment (JART) extension study. Circulation journal : official journal of the 

Japanese Circulation Society. 2013;77(6):1526-33. 

169. Kato K, Yonetsu T, Kim SJ, Xing L, Lee H, McNulty I, et al. Nonculprit 

plaques in patients with acute coronary syndromes have more vulnerable features 

compared with those with non-acute coronary syndromes: a 3-vessel optical 

coherence tomography study. Circulation Cardiovascular imaging. 2012;5(4):433-40. 

170. Davies JR, Rudd JH, Weissberg PL. Molecular and metabolic imaging of 

atherosclerosis. Journal of nuclear medicine : official publication, Society of Nuclear 

Medicine. 2004;45(11):1898-907. 

171. Krupinski J, Font A, Luque A, Turu M, Slevin M. Angiogenesis and 

inflammation in carotid atherosclerosis. Frontiers in bioscience : a journal and virtual 

library. 2008;13:6472-82. 

172. Tang T, Howarth SP, Miller SR, Trivedi R, Graves MJ, King-Im JU, et al. 

Assessment of inflammatory burden contralateral to the symptomatic carotid stenosis 

using high-resolution ultrasmall, superparamagnetic iron oxide-enhanced MRI. 

Stroke; a journal of cerebral circulation. 2006;37(9):2266-70. 



	   87	  

173. Polak JF SL, O'Leary DH, Lefkowitz D, Price TR, Savage PJ, Brant WE, Reid 

C. Hypoechoic plaque at US of the carotid artery: an independent risk factor for 

incident stroke in adults aged 65 years or older. Cardiovascular Health Study. 

Radiology. 1998;208(3):649-54. 

174. Wohlin M, Sundstrom J, Andren B, Larsson A, Lind L. An echolucent carotid 

artery intima-media complex is a new and independent predictor of mortality in an 

elderly male cohort. Atherosclerosis. 2009;205(2):486-91. 

175. Rosfors S, Hallerstam S, Jensen-Urstad K, Zetterling M, Carlstrom C. 

Relationship between intima-media thickness in the common carotid artery and 

atherosclerosis in the carotid bifurcation. Stroke; a journal of cerebral circulation. 

1998;29(7):1378-82. 

176. Golinvaux N, Maehara A, Mintz GS, Lansky AJ, McPherson J, Farhat N, et al. 

An intravascular ultrasound appraisal of atherosclerotic plaque distribution in 

diseased coronary arteries. American heart journal. 2012;163(4):624-31. 

177. Noyes AM, Thompson PD. A systematic review of the time course of 

atherosclerotic plaque regression. Atherosclerosis. 2014;234(1):75-84. 

178. Loizou CP, Pattichis CS, Christodoulou CI, Istepanian RS, Pantziaris M, 

Nicolaides A. Comparative evaluation of despeckle filtering in ultrasound imaging of 

the carotid artery. IEEE transactions on ultrasonics, ferroelectrics, and frequency 

control. 2005;52(10):1653-69. 

 


