
355Pathologia. Volume 16. No. 3, September – December 2019 ISSN 2306-8027    http://pat.zsmu.edu.ua

Features of the pathomorphological structure of the aterosclerotic 
plaques of carotid aterosclerosis
Yu. I. Kuzyk1,2

1Danylo Halytsky Lviv National Medical University, Ukraine, 2CI LRC “Lviv Regional Pathology Bureau”, Ukraine

A – research concept and design; B – collection and/or assembly of data; C – data analysis and interpretation; D – writing the article;  
E – critical revision of the article; F – final approval of the article

Carotid arteriosclerosis is a recognized leader among causes of ischemic disorders of the cerebral circulation. It is known that 
brain infarction occurs with atherosclerotic stenosis and thrombosis of the carotid arteries in approximately 40 % of cases. The 
peculiar geometry of carotid bifurcation creates conditions for the development of atherosclerotic plaques.

The aim of the work is determination of pathomorphological features of the structure of atherosclerotic plaques in carotid 
atherosclerosis.

Materials and methods. Histological, histochemical and immunohistochemical studies of surgical material in 680 patients 
were performed.

Results. On the basis of pathomorphological analysis of the plaque in carotid AS they can be divided into complicated and 
uncomplicated. 

The first type is atheromatous unstable plaques with the prevalence of foci of atheromatosis, lympho-macrophage infiltration, 
intraplaque hemorrhage, necrosis of fibrous elements and edema. Immunohistochemically they are characterized by high 
expression of MMP-9 in macrophages and lymphocytes with degradation of type I collagen in the surface and deep layers 
of the plaque coating and its replacement by type III collagen (P < 0.05). The second type of plaque is stable uncomplicated 
with the advantage of fibrosis, hyalinosis and petrification. Immunohistochemical structure of plaques was collagen type I, 
expression of collagen type III was low, expression of MMP-9 was moderate (P < 0.05).

Conclusions. High expression of MMP-9 in carotid atherosclerosis in macrophage-lymphocytic infiltrates in atheromatosis 
and neovascularization sites was found to result in degradation of type I collagen with its replacement by type III collagen. 
Such pathomorphological changes underlie plaque instability – the development of intraplaque hemorrhages, ulcers with 
embolic complications. Synthesis of collagen type I with low expression of type III collagen and MMP-9 has been found to 
determine the basis of the structure of fibro-muscular plaques. This ensures their hemodynamic stability and stable vascular  
stenosis.

Особливості патоморфологічної структури атеросклеротичних бляшок  
при каротидному атеросклерозі

Ю. І. Кузик
Атеросклероз сонних артерій – визнаний лідер серед причин ішемічних порушень мозкового кровообігу. Відомо, що при 
атеросклеротичному стенозі та тромбозі сонних артерій приблизно в 40 % випадків виникає інфаркт мозку. Особлива 
геометрія біфуркації сонних артерій створює умови для розвитку атеросклеротичних бляшок.

Мета роботи – визначення патоморфологічних особливостей структури атеросклеротичних бляшок при каротидному 
атеросклерозі.

Матеріали та методи. Здійснили гістологічне, гістохімічне та імуногістохімічне дослідження операційного матеріалу 
680 хворих.

Результати. На підставі патоморфологічного аналізу структури бляшок при каротидному атеросклерозі розрізняли 
їх ускладнений і неускладнений типи. Перший тип – атероматозні нестабільні бляшки з перевагою вогнищ атеро-
матозу, лімфомакрофагальної інфільтрації, внутрішньобляшкових крововиливів, некрозу волокнистих елементів і 
набряку. Імуногістохімічно для них характерна висока експресія ММП-9 у макрофагах і лімфоцитах із деградацією 
організованого колагену І типу в поверхневих і глибоких шарах покришки бляшки та заміною його на колаген ІІІ 
типу (p < 0,05). Другий тип бляшок – стабільні неускладнені з перевагою фіброзу, гіалінозу та петрифікації. Імуно-
гістохімічно структуру бляшок утворював колаген І типу, експресія колагену ІІІ типу низька, експресія ММП-9 помірна  
(p < 0,05).

Висновки. Висока експресія ММП-9 при каротидному атеросклерозі в макрофагально-лімфоцитарних інфільтратах у 
вогнищах атероматозу та неоваскуляризації призводить до деградації колагену І типу з заміною його на колаген ІІІ типу. 
Такі патоморфологічні зміни становлять основу нестабільності бляшок, зумовлюючи розвиток внутрішньобляшкових 
крововиливів, виразкування з емболічними ускладненнями. Встановили, що синтез колагену І типу з низькою екс-
пресією колагену ІІІ типу та ММП-9 визначає основу фіброзно-м’язових бляшок. Це забезпечує їхню гемодинамічну 
стабільність і стійкий судинний стеноз.
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Особенности патоморфологической структуры атеросклеротических бляшек  
при каротидном атеросклерозе

Ю. И. Кузык
Атеросклероз сонных артерий – признанный лидер среди причин ишемических нарушений мозгового кровообраще-
ния. Известно, что при атеросклеротическом стенозе и тромбозе сонных артерий примерно в 40 % случаев возникает 
инфаркт мозга. Особая геометрия бифуркации сонных артерий создает условия для развития атеросклеротических 
бляшек.

Цель работы – определение патоморфологических особенностей структуры атеросклеротических бляшек при ка-
ротидном атеросклерозе.

Материалы и методы. Проведено гистологическое, гистохимическое и иммуногистохимическое исследования опе-
рационного материала 680 больных.

Результаты. На основе патоморфологического анализа структуры бляшки при каротидном атеросклерозе выделили 
их осложненный и неосложненный типы. Первый тип – атероматозные нестабильные бляшки с превалированием 
очагов атероматоза, лимфомакрофагальной инфильтрации, внутрибляшечных кровоизлияний, некроза волокнистых 
элементов и отека. Иммуногистохимически для них характерна высокая экспрессия ММП-9 в макрофагах и лимфоцитах 
с деградацией организованного коллагена I типа в поверхностных и глубоких слоях покрышки бляшки и заменой его 
на коллаген III типа (p < 0,05). Второй тип бляшек – стабильные неосложненные с преобладанием фиброза, гиалиноза 
и петрификации. Иммуногистохимически структуру бляшек составлял коллаген I типа, экспрессия коллагена III типа 
низкая, экспрессия ММП-9 умеренная (p < 0,05).

Выводы. Высокая экспрессия ММП-9 при каротидном атеросклерозе в макрофагально-лимфоцитарных инфильтра-
тах в очагах атероматоза и неоваскуляризации приводит к деградации коллагена I типа с заменой его на коллаген III 
типа. Такие патоморфологические изменения лежат в основе нестабильности бляшек – развития внутрибляшковых 
кровоизлияний, язвы с эмболическими осложнениями. Установлено, что синтез коллагена I типа с низкой экспрессией 
коллагена III типа и ММП-9 определяет основу фиброзно-мышечных бляшек. Это обеспечивает их гемодинамическую 
стабильность и устойчивый сосудистый стеноз.

Carotid arteriosclerosis (AS) is a recognized leader among 
causes of ischemic disorders of the cerebral circulation. 
It is known that brain infarction occurs with atheroscle-
rotic stenosis and thrombosis of the carotid arteries 
(CA) in approximately 40 % of cases [2,19,23]. Given 
the high frequency and emphasizing the importance of 
atherosclerotic CA lesions in the development of cerebral 
disorders, some authors view it as a separate nosological 
unit, referring to the term “International Carotid Artery 
Disease” [17,23]. The authors dispute this because of 
the peculiarities of the geometric configuration of the CA 
bifurcation. Special geometric configurations in the ar-
teries, such as bifurcations, bends, and anastomoses, 
can create focal areas of reduced tangential wall tension 
and promote smooth muscle cell proliferation. The con-
cave surface of the convoluted arteries contributes to 
the reduction of the tangential stress of the wall, and in 
this place intimal thickening or atherosclerotic plaques 
(AP) develops. The most characteristic area of localized 
significant reduction of the tangent wall tension is carotid 
bifurcation. Atherosclerotic lesions of this localization 
account for 75 % of all lesions of the extracranial arteries 
of the brain [8,14,20]. A number of researchers have 
studied the factors of AP progression, possibly predic-
ting the development of instability and complications, 
including intracranial bleeding, thrombus progression, 
and inflammation [1,2,7,10–12,19,21–23,25]. Tan F. P. P.  
et al. [4] focuses on the distribution of hemodynamic 
forces, the appearance of turbulent flows in the stenosed 
artery in AS, which contributes to the growth of plaque 
size and the development of its instability. Makris G. C. 
et al. [18] proved that a change in the stress-deformed 
state of a vessel in AS, together with the redistribution of 
effective and tangential stresses, leads to plaque rupture 

due to the progression of intraplaque hemorrhages [5]. 
Therefore, the question of pathomorphological study of 
the structure of AP of CA is important for the establish-
ment of possible features of plaques, prognosis and 
development of possible complications and correction of 
management of patients with carotid AS.

The aim
The aim of the work is determination of pathomorphologi-
cal features of atherosclerotic plaques structure in carotid 
atherosclerosis.

Materials and methods
Altogether, over the 16-year period (2000–2015), surgical 
material of 680 patients operated at the Department of 
Vascular Surgery of Lviv Regional Clinical Hospital was 
analyzed and investigated. The operative material was 
815 cases, as 135 patients underwent surgery on both 
CAs at different times. Surgical material, which was de-
pendent on the type of surgery performed, was received 
in 10 % neutral formalin solution. In each case, histological 
examination of the vascular wall preparations stained with 
hematoxylin eosin was performed. The sections were 
also stained with resorcinol-fuchsin by Hart, picrofuchsin 
by Weigert, Masson’s trichrome. Immunohistochemical 
studies of CA biopsies were performed in paraffin sections 
using monoclonal and polyclonal antibodies. We used 
primary monoclonal antibodies to: collagen type I (Clone 
RAH C11-0,1 “Thermo Fisher Scientific Inc.”, USA); col-
lagen type III (Clone RAH C33 “Thermo Fisher Scientific 
Inc.”, USA); type IV collagen (Clone CIV 22 “Thermo 
Fisher Scientific Inc.”, USA); matrix metalloproteinase-1 
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inhibitor – Mo a-Hu TIMP-1 Ab-2 TIMP-1 (Clone 102D1, 
“Thermo Fisher Scientific Inc.”, USA); polyclonal anti-
bodies to matrix metalloproteinase-9 – Rb aHu MMP-9 
(92 kDa Collagenase IV, “Thermo Fisher Scientific Inc.”, 
USA). Incubation with primary antibodies was performed 
according to the instructions of the manufacturers, 
visualization of the immunohistochemical reaction was 
performed using the DAKO EnVision + System (DAKO, 
USA) detection system with diaminobenzidine (DAB). 
The sections were stained with Mayer’s hematoxylin and 
enclosed in Canada balsam. The expression intensity was 
evaluated by the semi-quantitative method as follows: 
“-” – negative immunohistochemical reaction; “+” – low 
intensity of expression; “++” is a moderate intensity of 
expression and “+++” is a clear intensity of expression.

A statistical survey of the data obtained was per-
formed using the applications MS Excel 2003, Statistica 
7 and IBM SPSS Statistics 19.

Results
Among the operated AS was identified in 286 (42.1 %) 
patients. The number of men was eight times higher than 
women (men 255, women 31). Patients’ age ranged from 
34 to 83 years. Most often, AS occurred in people aged 
50–70 years – 209 (73.0 %) patients. The predominant 
localization of the atherosclerotic process were both 
ICA – 156 (54.5 %) patients (P < 0.05). In second place 
in the lesion are both internal and external carotid arteries. 
AP practically in half of the cases captured the bifurcation 
of the external CA and moved to the initial departments of 
the internal CA. The first place in the frequency of lesions 
is the initial departments of internal CA – about 30 %. 
In the third place – up to 15 % of AP were localized on 
the bifurcation of the external CA.

In the overwhelming majority (82 % of patients), caro-
tid endarterectomy – classic or eversion, and combina-
tions of endarterectomy with other operations – resection, 
with redressing or reimplantation, were performed. With 
endarte rec tomy, plaque, intima, part of the media, and 
adventitia were removed according to protocols of opera-
tions of medical histories. The operating material included 
327 biopsies, 162 of which were right carotid arteries, 165 
left carotid arteries. Most of the biopsies – 153 (46.7 %) 
had a conical shape and were represented by the inner 
parts of the sinus wall of the internal CA with AB, 110 bio-
psies (33.6 %) by the inner parts of the bifurcation walls 
of the common CA and the initial sections of the internal 
and external carotid arteries with plaques in their walls. 
In each of the biopsies, a longitudinal surgical incision of 
the sinus wall of the CA was observed.

Pathomorphological examination revealed that most 
plaques had a complex structure due to the combination 
of various components both in circumference and in 
the depth of the bioptate. The revealed components of 
the plaque are characteristic for the severe form of AS: 
foci of atheromatosis, necrosis and edema, newly formed 
vessels, hemorrhages, inflammatory infiltration, sclerosis 
and calcinosis, thinning and ulceration of the plaque cap, 
parietal and obstructive thrombi (P < 0.05).

Sclerosis was a typical component of different types 
of AP. The degree of severity and prevalence of sclerotic 

changes in plaques varied: in 24 (7.3 %) biopsies fibrosis 
foci occupied practically the entire thickness of the slice, in 
222 (67.7 %) plaques the fibrosis was focal and occupied 
the same area as atheromatosis, and calcinosis, in 77 
(23.4 %) the fibrosis was insignificant (P < 0.05). Sclerosis 
was observed in the superficial layers of the plaque, in 
combination with hyalinosis formed a plaque. Stromal 
hyalinosis in half of cases was combined with vascular 
hyalinosis in the plaque.

Fibro-muscular plaques were observed in 26 (7.9 %) 
cases and consisted of a combination of diffuse fibrosis 
with proliferation of muscle fibers. Such plaques lacked 
lipid components. The muscle fibers were arranged in an 
orderly or chaotic fashion, with interlaced tufts forming. 
Fibro-muscular proliferation spread throughout the thick-
ness of the vascular wall, occupying media and adventitia. 
In five cases, muscle plaques made of proliferating muscle 
fibers and smooth muscle cells (SMCs) were found.

Calcification was observed in 257 (78.4 %) cases. 
Significant foci of calcite were found in 127 AP (38.7 %). 
They were located in atheromatous masses and occupied 
up to half of a piece of plaque. In 82 plaques (25 %), cal-
cification foci destroyed vessel structures and penetrated 
deep layers of the medium, partly beyond the operating 
material.

Atheromatosis was observed in 231 (70.4 %) of 
complicated AP. The severity of atheromatosis varied 
quantitatively: in 51 biopsies, it occupied small areas in 
superficial or deeper layers of plaque. In half of the cases, 
atheromatosis was quite pronounced, reaching up to half 
of the plaque area and located in its deep layers. Athero-
matosis was almost scattered in 28 cases, accounting 
for the bulk of the plaque. In such APs the destruction 
of atheromatous masses was completed by intraplaque 
tears and dissection with of large plaque fragments in 
the lumen of the ICA. In one third of cases of complicated 
plaques on the border with foci of atheromatosis areas of 
fibrinoid necrosis were detected, limited on the periphery 
by accumulations of macrophages and proliferating fibro-
blasts. The deposition of cholesterol crystals in the foci 
of atheromatosis was observed in 62.5 % of cases. At 
the destruction of the cap atheromatous masses with 
cholesterol crystals penetrated into the lumen of the ICA.

Cellular infiltration in plaques was observed in 240 
(73.1 %) cases. Foamy macrophages were the most 
common cells in the infiltrate, forming significant foci or 
small-focal infiltrates. Macrophages were localized on 
the border with foci of atheromatosis and fibrous elements 
in the superficial and deep layers of plaques. In 134 
(40.8 %) biopsies, a large number of foamy macrophages 
were observed; in 82 (25.0 %) there were moderate clus-
ters. In half of AP lymphocytes were detected. In a third of 
the plaques, they were observed near the new vessels, 
among macrophage infiltrates, both in the superficial and 
deep layers of the plaques. Lymphocytes in AP were 
defined as clusters of single cells – 90 (27.4 %), in 63 
(19.2 %) – in the form of focal clusters (P < 0.05). Near 
atheromatous masses, in particular near the cholesterol 
crystals, numerous or single giant cells were observed 
in 13 (3.9 %) cases.

A high level of MMP-9 expression was observed in 
the cell infiltrate at the foci of atheromatosis. Intensive 
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granular cytoplasmic expression was determined in mac-
rophages and lymphocytes (Fig. 1). The activity of MMP-9 
in the studied plaques was parallel to the increase in 
inflammatory cell infiltration (P < 0.05). In areas of cellular 
infiltration with high expression of MMP-9, the expression 
of TIMP-1 was negative.

Newly formed vessels in plaques were detected in 
94 (28.6 %) cases of operating material. According to 
the peculiarities of the structure, we have three types of 

vessels – sinusoidal, capillary and closed types. Sinu-
soidal vessels of different diameters were prevalent in 
the superficial layer, some of them localized in the mar-
ginal layers of the plaques, that is, on the border with 
the preserved or slightly altered inner ICA layer. Most of 
these vessels are located along the length of the vessel 
and are sometimes connected to the vascular lumen. In 
a third of cases, capillary-type vessels were observed 
among thin-walled sinusoidal vessels. They were located 

 

 

  

 

Fig. 1. High expression of MMP-9 in the cell infiltrate 
in the atheromatous site: A, B – high expression 
of MMP-9 in macrophages and lymphocytes. Rb aHu 
MMP-9, visualization system DAKO EnVision + System 
with DAB.  
Magnification: А,B ×200.

Fig. 2. The expression of I, III and IV types of collagen 
in carotid AS: 
expression of type I collagen: A: in atheromatous plaques, 
B: in fibro-muscular plaques; 
expression of type III collagen: C, D: in atheromatous 
plaques, E: in fibro- fibro-muscular plaques; 
expression of IV types of collagen: F: in atheromatous 
plaques, G: in fibro-muscular plaques plaques. 

Clone RAH C11-0,1; Clone RAH C33, Clone CIV 
22 visualization system DAKO EnVision + System 
with DAB.  
Magnification: А, B, E ×100, C, D ×200, F, G ×40.

1A 1B
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2C 2D 2E
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in groups immediately adjacent to the intraplaque hema-
toma and foci of hemosiderosis. The third type of vessels 
in the areas of neovascularization had the structure of 
closed arteries with thick, relative to their lumen, walls 
due to the proliferation of SMCs and elastic fibers. Nine 
cases of closed-type vessels revealed signs of fibrinoid 
necrosis with pronounced swelling of adjacent tissues, 
and 12 (3.6 %) of AP had sclerosis with lumen oblite-
ration. Groups of capillaries and sinuses were adjacent 
to the individual closed arteries. A significant number of 
thin-walled vessels were found in 20 (6.1 %) plaques, 
a moderate number in 28 (11.7 %), and single (60 
(18.3 %)) vessels; the closed arteries in all plaques were 
single. In 52 (15.8 %) AP, there was a close location of 
closed type arteries and thin-walled vessels, suggesting 
the formation of arterio-venular anastomoses in plaques. 
Neovascularization in the plaque had a direct correlation 
with intraplaque hemorrhage (r = 0.89; P < 0.05).

Intraplaque hemorrhage was observed in 118 (36 %) 
cases. The hemorrhage foci were of different sizes and 
spread: small – in 45 (13.7 %) plaques and large – in 73 
(22.2 %). Small foci of hemorrhage were localized mainly 
in the deep layers of AP and didn’t disturb its integrity, 
although they led to an increase in its volume and progres-
sion of stenosis. Great focal hemorrhages in 70 (21.3 %) 
cases were complicated by plaque dissection – multiple 
or single internal ruptures with a significant dissection 
hematoma were observed, which in 63 (19.2 %) cases 
resulted in partial or complete detachment of plaque 
fragments. Intramural hematomas with plaque dissection 
and detachment of its fragments formed multiple dissec-
tion zones. This led to the development of a multi-storey 
dissection with involvement of surface and deep layers 
of the plaque in the process.

The plaque caps consisted of a variety of muscle 
and connective tissue fibers, often with hyalinosis, which 
limited foci of atheromatosis or calcification from the lu-
men of the ICA. Fibroblasts, foamy macrophages and 
lymphocytes were often identified in fibers in various 
amounts and ratios. In 93 plaques (28.3 %), the cap was 
thinned and calcined, with 15 (4.5 %) defective plaque 
cap, where calcification foci penetrated its surface. In 
areas of atheromatosis in 22 (6.2 %) plaques, the cap 
was thinned and consisted of connective tissue. In 83 
(25.3 %) cases, atheromatosis revealed ulcerations and 
destruction of the cap. The sections of the ulcer varied in 
length and depth. The largest ulcers were determined in 
12 (3.6 %) cases and had a length of up to 25 mm with 
destruction of more than 1/3 of the cap. In 35 (10.6 %) 
plaque ulcerations were found in the area of thinning with 
foci of atheromatosis. In 35 (14.7 %) cases, the plaques 
cap was peeled off and partially detached as a result of 
intraplaque hemorrhage.

Fresh and organized thrombi were detected on 
the surface of 85 (25.9 %) AP. Parietal thrombi were 
observed in 38 (16 %) cases in the areas of thinning 
and ulceration of the cap with atheromatous masses, in 
six cases they were located on the unchanged surface 
of the plaques. Obstructive thrombi were detected in 41 
cases (17.2 %). Of these, signs of organization were 
observed in 12 (3.6 %), in two cases the thrombi were 
organized. Obstructive thrombus in 20 cases occurred in 

the areas of ulceration and thinning of the plaque surface, 
in other cases – on a sclerosing surface.

Analysis of the expression of types I, III and IV colla-
gen in carotid AS showed the following (Fig. 2).

In complicated atheromatous plaques, collagen type 
I expression is moderate and predominates in deep AP 
layers. Immunopositive collagen deposits were located in 
or near inflammatory infiltrations – between the clumps 
of foam cells and lymphocytes. Expression of type III 
collagen in atheromatous plaques is intense and hete-
rogeneous. Immunopositive type III collagen deposits 
prevailed in the surface layers of AP beyond the foci of 
atheromatosis and inflammatory infiltration. In the deep 
layers within the foci of atheromatosis and inflammatory 
infiltrate the expression of collagen type III is moderate 
and in some places weakly expressed. In fibro-muscular 
plaques, collagen type I expression is a clear, almost 
diffuse, spread. Immunopositive collagen type I deposits 
are spread along the entire length of the plaque. Type III 
collagen expression is weak in all plaque layers (P > 0.05). 
The expression of type IV collagen in the plaques of 
both atheromatous and fibro-muscular muscles was not 
significantly different (r = 0.45; P > 0.05). It is weakly 
expressed, heterogeneous, predominates in the deep 
layers of the plaque on the border with the unchanged 
layers of the vascular wall.

Discussion
The pathomorphological study allowed us to distinguish 
two types of AP among the operating material. The first 
type is complicated atheromatous unstable plaques with 
the predominance of atheromatosis foci, lympho-mac-
rophage infiltration, intraplaque hemorrhage, necrosis of 
fibrous elements and edema. Immunohistochemically, 
they are characterized by high expression of MMP-9 in 
macrophages and lymphocytes with degradation of type 
I collagen in the superficial and deep layers of the plaque 
coating and its replacement by type III collagen. It is 
known that AP macrophages produce a significant num-
ber of MMPs that are involved in collagen degradation 
[6,13]. Proteases initiate the process of destruction of 
the structure of the atheromatous plaque, increasing 
the likelihood of its separation from the vascular wall and 
the appearance of emboli, the development of intraplaque 
hemorrhage [11,18,19]. Increased level of MMP-9 leads to 
the formation of type III collagen from SMCs in the form of 
thin and less organized fibers. Replacement of organized 
collagen type I by type III collagen leads to a decrease 
in the mechanical stability of the fibrous capsule in AP 
[15,16,24].

The second type of plaque is fibro-muscular AB, 
stable uncomplicated with the advantage of fibrosis, 
hyalinosis and petrification. The immunohistochemical 
structure of such plaques was collagen type I, the ex-
pression of collagen type III was low; the expression of 
MMP-9 was moderate. The expression of type IV collagen 
in plaques of both atheromatous and fibro-muscle is not 
significantly different. It is weakly expressed, heteroge-
neous, predominates in the deep layers of the plaque 
on the border with the unchanged layers of the vascular 
wall. It is believed that a decrease in type III collagen 
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content and an increase in type I and IV collagen leads 
to increased vessel rigidity, increased brittleness, and a 
tendency to rupture [15,16].

In order to study the features of the structure of AP in 
carotid AS, we conducted a study of the major components 
and processes that determine plaque morphology. In AP 
of CA structural changes characteristic of severe AS were 
pathomorphologically revealed: foci of atheromatosis, 
petrification, edema, necrosis of fibrous elements, newly 
formed vessels and hemorrhages of varying degrees of 
prescription, macrophage-lymphocytic infiltration, foci 
of fibrosis and hyalinosis, parietal and obstructive clots. 
Most researchers have studied the features of ulcera-
tive plaques as “unstable”. An equivalent complication 
of AP according to our data is intraplaque hemorrhage. 
The latter are described by other authors as the cause 
of the sudden sharp increase in the volume of AP and 
the development of massive ischemic stroke [19,22]. In 
addition, an increase in plaque volume and, consequently, 
a decrease in vascular lumen, intraplaque hemorrhage 
threaten with dissection with impaired plaque integrity 
and fragments detachment [21,23]. It should be noted that 
the sizes of detached fragments in intraplaque hemorrhage 
significantly exceed the size of the embologenic atheroma-
tous masses during ulceration of plaques [2,10,12,23]. 
This leads to the development of massive high-fatality 
strokes. This massive embolization was due to the fact 
that the hemorrhages are localized in the deep layers of 
the plaque, the stratified intraplaque hematoma causes a 
detachment of more than 1/2 the volume of the plaque. 
The pathogenesis of plaque hemorrhage remains to be 
fully elucidated [1,3,9]. In our opinion, closed-type vessels 
are formed due to the fact that blood enters the vessels 
of the plaque from the high-pressure area of the ICA, and 
thus the arterio-venular anastomoses perform a bypass 
function. In the case of insufficient function of the closed 
vessels, the high intra-arterial pressure can be transmitted 
directly to the thin-walled vessels of the plaque – the source 
of hemorrhage. The basis for this assumption is the detec-
tion of clusters of siderophages around such vessels. This 
mechanism of intraplaque hemorrhage can be realized with 
fluctuations in systemic blood pressure, especially when it 
is raised. Thus, Z. Teng et al. [12,22] also believe that high 
blood pressure leads to mechanical trauma of the plaque 
with next rupture of small vessels due to changes in stress-
strain state and stress fluctuations. It should be noted that 
intraplaque hemorrhages among our material acted as 
components of multicomponent plaques and were com-
bined with foci of atheromatosis, cholesterosis, calcification 
and lympho-macrophage inflammation. Therefore, another 
possible mechanism for the development of intraplaque 
hemorrhage may be laceration in the area of atheromatous 
plaque due to a sharp rise in blood pressure, followed by 
rupture of newly formed vessels and the development of 
local dissection hematoma. Q. J.van den Bouwhuijsen et 
al. [11], after conducting a series of AP studies, tend to 
believe that hemorrhages can occur even in asymptomatic 
plaques, which in addition to newly formed vessels contain 
significant foci of calcification and atheromatosis. This 
suggests that the development of intraplaque hemorrhage 
is related to the plaque structure and the distribution of 
hemodynamic forces.

Conclusions
1. On the basis of pathomorphological analysis of 

the plaque in carotid AS they can be divided into compli-
cated and uncomplicated. The first type is atheromatous 
unstable plaques with the prevalence of foci of athero-
matosis, lympho-macrophage infiltration, intraplaque 
hemorrhage, necrosis of fibrous elements and edema. 
Immunohistochemically, they are characterized by high 
expression of MMP-9 in macrophages and lymphocytes 
with degradation of type I collagen in the surface and 
deep layers of the plaque coating and its replacement by 
type III collagen (P < 0.05). The second type of plaque is 
stable uncomplicated with the advantage of fibrosis, hya-
linosis and petrification. Immunohistochemical structure of 
plaques was collagen type I, expression of collagen type III 
was low, expression of MMP-9 was moderate (P < 0.05).

2. High expression of MMP-9 in carotid atherosclero-
sis in macrophage-lymphocytic infiltrates in atheromatosis 
and neovascularization sites was found to result in deg-
radation of type I collagen with its replacement by type 
III collagen. Such pathomorphological changes underlie 
plaque instability – the development of intraplaque hemo-
rrhages, ulcers with embolic complications. Synthesis of 
collagen type I with low expression of type III collagen 
and MMP-9 has been found to determine the basis of 
the structure of fibro-muscular plaques. This ensures 
their hemodynamic stability and stable vascular stenosis.

Prospects of further research are to carry out a 
comparative analysis of ultrasonic and pathomorpho-
logical structure of carotid plaques with determination of 
diagnostic difficulties and causes of mismatch of morpho-
logical and ultrasonic structure.
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