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INTRODUCTION  
 

Epidemiology of Ischaemic stroke epidemiology 
 

Cardiovascular diseases, particularly heart diseases and strokes, are the principal death cause for over 

17,5 milions of people in the whole world.  

The predominance of such cardiovascular diseases increases concerning a patientôs age, reaching 

measures between 4,61 and 7,33 for 100 inhabitants as for individuals older than 65 years old. [1] 

87% of most cases, stroke can present an ischaemic nature, whereas the remaining 13% show a 

haemorrhagic nature (10% intraparenchymal hemorrhage; 3% subarachnoid hemorrhage). [2]  

Stroke represents the second most common death cause in cardiovascular diseases with a death rate 

of 5,8 million dead people per year. Strokes are recognised as the fourth deathôs life cause before 

myocardial infarction, tumors and serious respiratory conditions. 

The death life risk after an ischemic stroke is equivalent to 7% up to 7 days, 14% up to 30 days, 27% 

out of a year, and 53% out of 5 years, whereas the chances of experiencing a new cerebral ischemic 

episode, after a stroke, is of 2% up to 7 days, 4% up to 30 days, 12% up to one year and 29% up to 

five years. [3] 

According to some authors, there has been a reduction of a strokeôs incidence and prevalence, 

particularly as reported by Rothwell et al [4], between 1980 and 2002, the incidence of strokes was 

reduced by 40% in Great Britain. In a review carried out by Zhang et al [5], they revealed itôs 

impossible to confirm that there has been a reduction in the impact and predominance of cerebral 

ictus. Nonetheless, they found a decrease in terms of stroke death rates, due to an improvement in the 

treatment of strokes, both in the United States and in Europe. 

In the Western world, ischaemic stroke is the leading cause of disability, causing a heavy impact on 

the social and economic aspects of peopleôs lives.  

Evalueting patients over 65 years, in 50% they have hemiparesis, in 30% they canôt walk without 

support, in 19% they are aphasic and in 26% they live in assistance structure. [6] 

 

Physiopathology of the ischaemic stroke 
 

The risk factors of an ischaemic stroke are the same as those of atherosclerosis. Mainly, such factors 

can be divided into risk elements that be changeable and unchangeable. [7] 

Unchangeable risk factors include:  
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¶ Age: the risk of a stroke usually increases with age, particularly after 55 years of age, the 

risk tends to reduplicate. [8] 

¶ Sex: the risk of a stroke is higher in men than in women, with a man-woman ratio of 1,3:1 [9] 

¶ Genetic factors: patients who show familiarity with myocardial infarction (MI); TIA or 

stroke, have a risk that usually increases from 1,4 to 3,3 chances of having a stroke. [10]  

 

Changeable risk factors are: 

¶ Arterial hypertension: the risk reduction of a stroke is determined by an appropriate 

pharmacological antihypertensive therapy (PA <120/80) [11] 

¶ Diabetes mellitus: diabetic patients have a doubled risk of a stroke in comparison to individuals 

with standard glycaemic numbers [12] 

¶ Hypercholesterolemia: patients with inadequate control of cholesterol values, have a doubled 

risk of developing a stroke as compared to a subject with standard values. [13]  

¶ Smoking: it increases the risk of brain strokes from 2 to 4 times amongst patients who actively 

smoke, in relation to non-smoking patients. [13] [14] 

¶ Obesity and lack of physical activity  [15] [16] [17] 

 

The INTERSTROKE Study, published in 2010 and performed on 2337 patients from 22 countries of 

the world, reports that five risk factors, which represent the 80% of the global risk, are represented 

by arterial hypertension, smoking, obesity, diets and lack of physical activity. [18] 

Brain ischemia is caused by a drastic reduction or by an interruption of haematic supply to a cerebral 

territory that is more or less vast. Atherosclerotic carotid plaques can cause a TIA or a stroke through 

two pathogenetic mechanisms.  

Embolic Mechanism: embolism is nowadays considered the most frequent cause of transitory 

cerebral ischemia, which interests the vascularisation territory of the internal carotid. Embolism 

depends on the composition of the atherosclerotic lesion: the lipidic predominance is typical of 

unstable lesions, with more likelihood of ulceration and embolism. 

The primum movens of the arterial thromboembolism is the breakage of the overhead intima layer 

(cap) that determines erosions or deep ulcerations from which atheromasic or thrombotic material 

can detach in the hematic current, with a consecutive intracranial embolization, or it causes the 

development of a blood clot obstructing the cavity of the blood vessel. 
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Hemodynamic mechanism: it is due to a progressive increase of volume in the atheromatous 

plaque up to the serrated stenosis ( with a reduction of the arterial lumen>80%) or the extended 

thrombosis of a principal truncus arteriosus ( ICA or basilar artery) with a resulting reduction of the 

blood flow, peripheral ischemia, tissue hypoxia and ischemic stroke.  

The most frequent pathophysiologic mechanism (80-85% approximately) that pertains to the 

anterior circulation of carotid is the atheroembolic one.   

 

The Vulnerable Plaque and Atherosclerosis 

 

The term ñvulnerable plaqueò is used to define an unstable atherosclerotic plaque or a complex 

plaque. According to the classification of the American Heart Association, atherosclerotic lesions 

divide into six stages. The first stage is simbolised by isolated foamy cells, (called ñlipidic pointò). 

The second stage is characterised by ñfatty streaksò and the third stage by intermediate lesions. 

Whereas in the fourth stage, we can observe the presence of atheroma; and in the fifth, there is 

fibroatheroma. Complex lesions represent the sixth stage, also including calcifications, breaks with 

resulting thrombosis, and embolisation of the plaque and intraplaque hemorrhage.   

Figure 1 Atherosclerotic plaque 

 

Vulnerable plaques are histologically described by a stringy thin cap and by a voluminous lipidic 

core. [19] [20] 

The identification of vulnerable carotid atherosclerotic plaques can be implemented through first level 

diagnostics investigations with supra-aortic trunks Eco-Color-Doppler (ECD), and through second 

level diagnostics (CT or MRI scan). The carotid ECD enables to quantify the stenosis degree and to 

accurately describe the macroscopic morphological characteristics of the carotid plaque (for example, 
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the fibrous cap). With the aid of ECD, the plaqueôs composition can be examined.  Hypo-anaecogenic 

(lipid) and irregular plaques are often associated with cerebrovascular symptomatology as compared 

to hyperechogenic calcified plaques. [21] [22] 

As is common knowledge, since 1970, there has been a connection between histopathological 

characteristics of the atherosclerotic carotid plaque and the presence of cerebrovascular 

symptomatology. [23]  In 2006, Redgrave et al., published in the Oxford Plaque Study, a histological 

study regarding atherosclerotic carotid plaques acquired by patients exposed to carotid  

thromboendoarterectomy (CEA). 

Plaques were classified base on the presence of an inflammatory infiltrate and on their instability 

within the following groups: stable (a plaque that is mainly fibrous with an entire cap), predominantly 

stable (intraplaque inflammation and entire fibrous cap), unstable with an entire fibrous cap (thin cap 

and intact with voluminous lipid cap), unstable with a break in the fibrous cap.  

In this study, the majority of symptomatic patients' plaques presented a break of the fibrous cap 

(58,1%), intraplaque hemorrhage (64.4%), and a critical inflammatory infiltrate (66.8%). Even Gao 

et al. concluded that during their meta-analysis, ulcerated carotid plaques were unstable and 

significantly linked with neurological events. [20] 

The passage from a plaque defined as stable and a vulnerable one depends on a final balance between 

cellular migration/proliferation, production of the extracellular matrix, inflammatory infiltrate, 

(predominantly monocyte-macrophage and lymphocyte) and on the development of new vessels.  

The break of the fibrous cap is determined by an imbalance between forces that operate on the fibrous 

cap and on the resistance thereof. It would appear that all of the factors capable of reducing collagenôs 

synthesis from smooth muscle cells (for example, IFN-Ŭ) compromise the ability to repair and 

maintaining the cap intact. Macrophages present in the plaques can produce metalloproteinases 

(MMP) and elastolytic cathepsins responsible for the break of the collagen and the elastin of the extra-

cellular matrix. [24] 

The plaqueôs vulnerability furthermore depends on the presence of new vessels, which appear fragile 

because they are composed of a single layer of endothelial cells. The new blood vessels can encounter 

a break with a consecutive intraplaque haemorrhage. Such heavy bleeding in some cases can 

determine the increase of the plaqueôs volume and a subsequent rupture of the fibrous cap.   

Many studies dedicated to atherosclerotic coronary and carotid plaques have highlighted that the 

angiogenesis of a plaque can support the progression of plaques. In particular, it encourages the 

vulnerability and break of the plaque itself. Different factors contribute to angiogenesis, and they are 

caused by intraplaque inflammatory cells. New blood vessels express cohesion molecules such as E-

selectin and VCAM (vascular cell adhesion molecule-1), that summon lymphocyte T cells and 
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macrophages. Even the inflammatory infiltrate plays a crucial role in the gradual development and 

variability of the plaque. Taking the example of a study carried out by Moreno et al., they observed 

that during the break of an atherosclerotic coronary plaque, this fracture linked with the presence of 

an abundant inflammatory infiltrate. [25] 

The affiliation between inflammation and progression of the plaque is supported by inflammatory 

marker serums, such as the reactive protein C (PCR), serum amyloid A (SAA), IL6, IL18, TNFŬ, 

MMP2, and MMP9. [26] 

Notwithstanding the numerous investigation lead on atherosclerotic carotid and coronary plaques, the 

development mechanisms, progression, and break of the plaque remain disjointed. 

 

The development of the atherosclerotic plaque 
 

The accumulation of lipid in the vessel wall is the ñprimum movensò in the development of the 

atherosclerotic plaque, followed by the migration of multiple inflammatory cells which determine the 

formation and the accretion of the atherosclerotic plaque via a release of cytokine, that foster 

atherosclerosis.  

The pathogenetic theory that attempts to explain the atherosclerotic process is a cross-reaction, and 

it considers atherosclerosis as an inflammatory response of the vascular wall due to a damage of the 

endothelium. The inflammatory course plays a fundamental role in the pathogenesis of 

atherosclerosis.   

 

Figure 2 Cells in atherosclerotic plaque 

 

¶ CRONIC ENDOTHELIAL DAMAGE: inducted by endotoxins, hypoxia, hyperlipidemia, 

effects derived from smoking cigarettes, homocysteine, and hemodynamic factors. The 
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endothelial damage appears with an increase of permeability (loss from endothelial cells of 

intercellular binding and with the underlying connective). Such damage also displays an 

increment of adhesion molecules (ICAM-1, VICAM-1, E-selectin1, P-selectin2), the 

activation of endothelial pro-inflammatory and proatherogenic genes, from which derives the 

creation of cytokines and coagulation proteins.   

 

¶ EXTRA- CELLULAR LIPIDIC ACCUMULATION:  

 Lipo-protein particles accumulate in the tunica intima. These particles tie with proteoglycans 

of the extra-cellular matrix, and they form ñfatty streaks.ò The lipoproteins tethered to 

proteoglycans seem susceptible to oxidation and to other biochemical alterations, which 

facilitate the inflammatory process. In particular, lipoproteins go towards oxidation3 and a 

non-enzymatic glycosylation process4.  

As a result of these processes, it happens that the recruitment and the accumulation of 

leucocytes, which stick with the endothelium and for diapedesis between endothelial 

junctions, penetrate the intima where they start to absorb lipids, transforming into ñfoamyò 

cell. In such a process, monocytes neutrophils and T lymphocytes are principally involved. 

 

Figure 3 the formation of the plaque: a.  dysfunction of endothelial cell and their activation with the 
inflammatory stimulus, leukocyte cohesion and growth of endothelial permeability. b.  input of monocytes and 

transformation into macrophages and progressively into foam cells; sediment of the matrix and recall of 
smooth muscle cells. c. development of the necrotic heart and the fibrous cap; neovascularisation. d. erosion 

of the fibrous cap within unstable plaques and breakage of the plaque. 
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Leucocytes penetrate through the arterial wall thanks to chemotactic cytokines, amongst 

which chemotactic protein-1 for monocytes (MCP-1) produced by the endothelium as a 

response to oxidized lipoproteins. 

Atheromas also express a trio of selective chemokines for lymphocytes: the protein-10 

interferon-ɔ inducible (IP-10), the chemotactic factor Ŭ for T cells (I-TAC), and the monokine 

provoked by the interferon ɔ (MIG). The interferon ɔ present in atheromas plaques persuades 

the genes, which codify for this family of chemotactic cytokines for T cells.   

 

¶ ACCUMULATION OF LIPIDS AT A MONOCYTE LEVEL: it determines the development 

of a macrophage full of lipids (foam cells). Such a process is facilitated by a few molecules 

such as A scavenger receptor, CD36, and macrosialin. After that, foamy cells multiply under 

the influence of interleukin -3 and the factor, which encourages the growth of macrophages.  

  

¶ MIGRATION AND PROLIFERATION OF SMOOTH MUSCLE CELLS: these cells derive 

from tonaca media as a response to a platelet-derived growth factor (PDGF) caused by 

activated macrophages. Smooth muscle cells synthesize collagen, elastin, and glycoproteins 

following the stimulus of fibroblast growth factor (FGF) and TGF-ɓ, contained in platelet 

granules.  

 
 

¶ MINERALIZATION: plaques broaden calcification areas during their evolution. A few 

subsets of smooth muscle cells can foster the calcification through an increase of cytokinesô 

secretion, such as morphogenetic proteins of the bone.  

 

¶ ANGIOGENESIS: in the plaques, a dense vascular network, often occurs as a response to 

super angiogenic peptides expressed in the atheromas (VEGF-FGF, oncostatin M).  

 

The description of the presence of new blood vessels in the atherosclerotic carotid plaques 

was described initially in 1936. It was only at the beginning of the 1980s that scientific projects 

were conducted to report on new blood vessels within the atherosclerotic carotid plaque. 
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Lymphatic vessels within the atherosclerotic plaque 
 

Recently, investigations regarding atherosclerosis have pointed out the presence of lymphatic vessels 

inside the plaque.   

Lymphatic vessels are involved in different pathologies such as lymphedema, inflammation, 

autoimmune diseases, and tumors. Regardless of the presence of a complex physiopathology, 

literature about lymphatic vessels within atherosclerosis is insufficient. [27] 

In normal conditions, lymphatic vessels are made up of a dense network that extends itself inside the 

tissue, and often, they go with blood vessels, which are mainly venous. [28] Lymphatic vessels are 

founded on a single layer of endothelial cells, united with each other in a spasmodic way (button-like 

cell junction) and by unidirectional tubes. [29]  

In order to avoid their collapse, they are anchored to the extracellular matrix through strands.  

The origin of lymphatic vessels is controversial, taking two potential sources of lymphatic endothelial 

cells into consideration: blood vessels and mesenchymal cells. [30] During the embryogenesis, the 

development of lymphatic vessels begins after the stabilization of the advancement of blood vessels; 

especially, lymphatic vessels appear as if they originate from venous endothelial cells, that resettle in 

the neighboring tissue.  Prox1 stimulates such differentiation and migration. (fig.4) [31] [32] The 

bond between vascular endothelial growth factor C and D (VEGF-C e VEGF-D), and the receptor R-

3 (VEGFR-3) induces lymphogenesis, motivating proliferation, migration, and survival of lymphatic 

endothelial cells in vitro. [33] 

 

 

Figure 4 Development of lymphatic vasculature during embryogenesis. After the remodeling of the blood vasculature, lymphatic endothelial 

cells differentiate and sprout from the major veins to form lymphatic capillary plexus. 
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Recent studies concerning lymphatic vessels in inflammatory processes show how macrophages are 

involved in lymphogenesis, producing growth lymphogenic factors (i.e., VEGF-C e D). [34] [35] [36] 

In conditions of normality, lymphatic vessels of an artery locate primarily in the vicinity of the 

adventitia (fig.5). 

 

 

       

Figure 5 Section of mammary artery, lymphatic vessels (D2-40) 

 

The inflammation rapidly provokes a proliferation of lymphatic endothelial cells.  [37] 

In literature there are few studies about lymphatic vessels in atherosclerotic carotid plaques. 

Nakano et al. researched coronary atherosclerotic arteries, and they observed that lymphatic vessels 

predominantly locate in the intima layer. [38] 

According to Kholova, in atherosclerotic coronary lesions, full of calcium crystals and cholesterol, a 

relevant lymphogenesis is the intima and media level; instead on an adventitia level, there isnôt a 

proliferation of lymphatic vessels.  [39] 

Meanwhile, in another investigation lead by Xu and his collaborators, they found that lymphatic 

vessels are primarily localized at the level of the adventitia. A second study, carried out by Drodtz, 

progressively confirmed such fact concerning 20 atherosclerotic carotid plaques, where lymphatic 

vessels, identified at adventitial and pre-adventitial level, were marked with Lyme-1 and with an anti-

podoplanin antibody. [40]  

Eliska et al., in their analysis regarding healthy coronary and atherosclerotic arteries, concluded that 

lymphatic vessels were only present in specific fit arteries in the periadventitial region. They also 

discovered that such vessels, both in healthy coronary and in atherosclerotic ones, did not overstep 

the adventitial layer, not going through the medium and the intima of the vessel. [41] 

Based on the complexity of the atherosclerotic lesion, the number of adventitial lymphatic vessels 

could seem to expand. Drodtz, in an analysis directed on atherosclerotic plaques of big abdominal 
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human vessels (aorta and iliac arteries), took in that the total of lymphatic vessels augments with the 

progression of atherosclerosis as assessed by the intima layer. According to the author, there is a 

statistically significant (p<0.05) correlation between adventitial lymphatics (marked by Lyme-1) and 

the intima thickness and the patientsôage. [42] 

The role of lymphatic vessels in atherosclerotic plaques is not yet known. It is thought that the 

lymphatic system, like in normal conditions, has three functions: the maintenance of the balance of 

interstitial fluids, transport and cholesterolôs and lipid metabolism, and they take part in the immune 

response.  

 

Figure 6 Role of lymphatic vessels 

 

Nakano and his colleagues found that lymphatic vessels played a vital role in the interstitial fluidôs 

outflow from the atherosclerotic carotid plaque. They noticed that the number of lymphatic vessels 

in atherosclerotic coronary arteries was inferior to the number of adventitial lymphatic vessels 

within healthy coronary arteries. This fact would determine the growth of interstitial fluid in 

atherosclerotic plaques, an increase of pressure in the plaque and an alteration in the equilibrium of 

interstitial fluids. 

As a result, this causes an alteration of oxygenation, microcirculation of the plaque, and the following 

progress of the atherosclerotic lesion and the breakageôs risk of the same. [38] 

Lymphatic vessels, in particular adventitial ones, could be involved with the transportation of 

cholesterol in accumulated lipids from the artery wall to the blood. 

In a study conducted on hypercholesterolemic apoe-/- mice that cause structural and functional 

insufficiencies of the vesselôs wall, cholesterol is accumulated in the vesselsô walls. 
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Therefore, they reported that the reactivation of the normal vesselôs structure and of the liquidôs 

drainage on behalf of lymphatics would improve the clearance of cholesterol and of plaqueôs lipids. 

[30]   

The clearanceôs reduction of the cholesterol attributable to an alteration of lymphatic vessels 

determines the accumulation of cholesterol and lipids in the carotid atherosclerotic plaque.  

Lastly, lymphatic vessels actively partake in the transportation of immune cells. The stockpile of 

lipids and cholesterol can activate pro-inflammatory cytokines (i.e., TNF Ŭ) and reactive species of 

oxygen, which further accelerates the inflammation of the atherosclerotic plaque, recruiting other 

useful inflammatory cells essential for the progression and variability of the plaque. [43] 

 

 

Neangiogenesis in atherosclerotic plaque  

 

The presence of new blood vessels in the atherosclerotic plaque and their absence in the intima layer 

of the vessel in normal conditions, were firstly described by the anatomopathologist Paterson in 1936. 

[44] 

In 1980 researchers started to focus on intraplaque new vessels, and the percentage of angiogenesis's 

studies increased considerably from 0.2% in 1984 to 2.8% in 2007.  [45] [46] 

The leading cause which governs neoangiogenesis is hypoxia, as indicated in several of Sluimerôs 

investigations. The shortage of oxygen inside the atherosclerotic plaque determined by the activation 

of intraplaque inflammatory cells (i.e. monocytes and macrophages). 

Hypoxia determines the release, on behalf of inflammatory cells, of hypoxia-inducible factors (HIF) 

and of metalloproteinases (MMP-2, MMP-9), which participate in the instability of the plaque. 

The new blood vessels originate from the migration and proliferation in the vascular areas of 

endothelial cells coming from adventitial vasa vasorum [47], mainly stimulated by the VEGF-A. 

VEGF and its principal receptors (VEGFR-1 e VEGFR-2), which nurture the proliferation and 

formation of tubules throughout the neoangiogenesis. 

Angiopoietin 1 and 2 are ligands of the Tie-2 receptor of endothelial cells, and they cover a 

fundamental role during the final phase of the maturation of the new vessel. HIF and VEGF-A, 

therefore, induce Ang-2 to destabilize the interaction between pericytes and endothelial cells, 

allowing the vessel to develop. Ang-1, together with the growth factor deriving from platelets, on the 

contrary, it covers the role of stabilizing junctures between endothelial cells, encouraging the vesselôs 

stability. [48]   
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New vessels are fragile, immature, and irregular as compared to vasa vasorum [49], they are 

characterized by a disjointed basement membrane and by a low number of junctures narrow between 

endotheliocytes. [50] 

Their brittleness causes accretion of the breakageôs risk, thus a threat of intraplaqueôs hemorrhage 

making the plaque vulnerable and increasing the hazard of the appearance of cardio-cerebrovascular 

events. As is generally known in the literature, the close relation between new intraplaque vessels and 

the danger of a plaqueôs fracture does exist. [51]. 

Moreno et al. observed that the density of newly formed microvessels was higher than that of complex 

lipid plaques as compared to calcific plaques. Furthermore, they noticed that new vesselsô thickness 

was superior to that of plaques, where there was an important inflammatory infiltrate. Thus, new 

vessels facilitate the entry of inflammatory cells in the plaque.  

Jeziorska et al. highlighted that within 92% of analyzed plaques, neovascularized areas are located in 

the vicinity of areas that contain a crucial inflammatory infiltrate, primarily represented by 

macrophages, T lymphocytes, and mast cells. [52] 

New vessels show a rising expression of adhesion molecules, such as E-selectin, CD-40, ICAM-1, 

VCAM-1. In a study that was conducted by OôBrian, he noted that the manifestation of V-CAM-1 in 

the coronary artery plaque is rarely represented by endotheliocytes of the lumen (20%). Although, it 

is mostly displayed in areas intraplaque neovascularisation, rich in the inflammatory infiltrate, 

proving the pivotal role hematic new vessels in enrolment of inflammatory cells. [53] 

Moreover, the transfer of red blood cells through new intraplaque vessels depicts another necessary 

passage within the creation of the óvulnerableô plaque. Hemoglobin, thus, provokes oxidative tissue 

damage, with the formation of oxidizing agents (i.e., cox, INOS).  

The removal of hemoglobin, in the form of heme-haptoglobin, takes place through macrophages 

with a link employing CD163. The production of oxidizing agents negotiated by haemoglobin 

activates the factor of pro-inflammatory transcription NF-KB that promotes the fabrication of pro-

inflammatory cytokines and the cellular recruitment of monocytes/macrophages and T 

lymphocytes.   
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AIM OF  THE RESEARCH 
 

The primary prevention was implemented through the correction of risk factors, that include: the 

reduction of arterial pressure values below 140/90 mmHG, LDL cholesterol values under 100 mg/dl 

and triglycerides beneath 150 mg/dl and an increase of the óhigh-density lipoproteinô HDL to superior 

values of 40 mg/dl.  The secondary preclusion was characterized by pharmaceutical therapy 

(antiplatelets/anticoagulant and statins) and by surgical therapy (carotid thromboendarterectomy and 

carotid stenting), which are both fundamental in order to forestall the progression of ischemic 

cerebrovascular events. These prove to be grade A recommendations according to the surgical 

vascular society [56].  

 

The analysis of macroscopic characteristics concerning the atherosclerotic carotid plaque, the degree 

of stenosis and the plaqueôs morphology, carried out via diagnostic radiology investigations (carotid 

ECD, CT scan and/or MRI) currently represent the factors based on the indication of 

surgical/pharmaceutical treatment for patients affected by carotid stenosis. Although, the 

macroscopic study of the carotid plaque doesnôt allow us to identify the likelihood of cerebrovascular 

events and the timeframe of such events from the diagnostic radiology.  

 

With regards to immunohistochemical features of the plaque, with cytokines produced by the 

inflammatory infiltrate and on the neoangiogenesis, many scientific literature studies do exist, but the 

real mechanisms at the heart of the growth of the atherosclerotic carotid plaque and its instability are 

not known yet. We are aware that the evolution and the stability of the atherosclerotic carotid plaque 

rely on the inflammatory properties of this last one.  

The gradual progression of the atherosclerotic carotid plaque is especially caused by the creation of 

new vessels, that are responsible for the migration of inflammatory cells and the intraplaque 

hemorrhage. In parallel with the generation of new blood vessels, we witness the advancement of 

new lymphatic vessels, which role appears to be still unknown.  

During our previous studies of the plaques, the lymphatic vessels in the plaque had been identified 

involuntarily and surprisingly. 

The curiosity about lymphatic vessels in the carotid atherosclerotic plaques led to the birth of this 

study.  

In particular, the aim of this research is the identification and localization of lymphatic vessels in the 

atherosclerotic carotid plaques and the evaluation of the relationship between neo-lymphatic vessels 

with new blood ones and inflammatory cells. 



14 
 

In the future the comprehension of the existing connection between neoangiogenesis and 

neolymphogenesis and inflammatory infiltrate could be the foundation on which to build predictive 

models of vulnerability identifying premature patients with carotid stenosis at risk of evolving into a 

TIA or an ischemic stroke.  

In this regard, it is essential to deepen the microscopic study of the atherosclerotic carotid plaque in 

order to pinpoint possible pharmacological treatments to antagonize the atherosclerosisô process or 

to forbid the development of unstable plaques inhibiting some of the proatherogenic mechanisms.   
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MATERIALS AND METHODS  
 

Patientôs recruitment and clinical characteristics 

 
31 patients with carotid stenosis have been recruited for this study; they have undergone Carotid 

Throm-boendarterectomy (TEA) surgery. 10 morphologically hard plaques have been used to 

develop procedures.   

Thus, 21 plaques were analyzed in this study. Out of the 21 patients involved in the research, 

anamnestic-clinical information of interest has been collected. The gathered information includes sex, 

age, symptomatology, comorbidity, anti-hypertensive, hypoglycaemic, and lipid-lowering.   

Table 1 Anamnestic-clinical information of Patients 

 






























































