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Carotid arteriosclerosis is a recognized leader among causes of ischemic disorders of the cerebral circulation. Itis 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 | collagen in the surface and deep layers
of the plaque coating and its replacement by type Il 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 |,
expression of collagen type Il 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 | collagen with its replacement by type Ill collagen.
Such pathomorphological changes underlie plaque instability — the development of intraplaque hemorrhages, ulcers with
embolic complications. Synthesis of collagen type | with low expression of type lll 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.

0co6AuBOCTi NaTOMOPHONOTiUHOI CTPYKTYPH aTePOCKAEPOTUUYHUX BAALLOK
NPU KapoOTMAHOMY aTepOCKAEpPO3i

10. I. Ky3uk

ATepocKnepo3 COHHWX apTepil — BU3HaHUIA Nigep cepen NPUYMH iLIeMIYHWX NOpyLLEHb MO3KOBOTO kpoBoobiry. Bigomo, Lo npu
aTepOCKNepoTUHHOMY CTEHO3i Ta TPOMBO3i COHHMX apTepii NpudnuaHo B 40 % Bunaakie BUHMKAE iHbapkT Mo3sky. Ocobnmea
reoMeTpis BidhypkaLlii COHHMX apTepii CTBOPIOE YMOBM AMst PO3BUTKY aTePOCKNEPOTUHHUX GRSLLIOK.

MeTa po60TH — BU3HA4YEHHS NAaTOMOPONOriYHNX OCOBNMBOCTEN CTPYKTYPU aTePOCKNEPOTUYHIX BMSALIOK NpW KapoTUAHOMY
aTepockneposi.

Matepianu Ta meTogu. 3AiACHUNN FiCTONOrIYHE, FCTOXIMIYHE Ta iIMYHOTICTOXIMIYHE JOCIIKEHHS onepaLiiHoro martepiany
680 xBopwX.

Pesynkratu. Ha nigctasi natomopdhonoriyHoro aHanisy CTpykTypu GrisiLLOK Npu KapoTUAHOMY aTepOCKNepO3i PO3PisHAN
iX yCKnagHeHUn i HeycknagHeHuin Tunu. Mepwuin Tun — aTepoMatosHi HecTabinbHi GMsLLIKM 3 NepeBarod BOTHWLL, atepo-
maroasy, fimcomakpodaranbHoi iHiINbTpaLlii, BHYTPILLHLOOMSLIKOBUX KPOBOBUMBIB, HEKPO3Y BOMOKHUCTUX €MEMEHTIB i
Habpsiky. IMyHoriCTOXiMiYHO Ansi HUX xapakTepHa Bucoka ekcripecis MMIM-9 y makpodbarax i nimdountax i3 gerpapavieto
opraHisoBaHoro konareHy | Tvny B noBepxXHeBUX i MWUOOKMX Luapax MOKPULLKW BRsilkv Ta 3amiHoto 1oro Ha konareH |l
Tmny (p < 0,05). Opyrvi Tmn 6nswok — ctabinbHi HeycknagHeHi 3 nepesaroto Gibpoay, rianiHo3y Ta netpudikaii. IMyHo-
ricTOXiMiYHO CTPYKTYpY GnsiLLOK yTBOPtOBaB konareH | Tuny, ekcnpecist konareny |l Tuny Hu3bka, excnpecis MMIM-9 nomipHa
(p <0,05).

BucHoBku. Bucoka ekcnpecis MMIT-9 npu kapoTuaHOMy atepockneposi B MakpodaranbHo-niMpoLmUTapHuX iHinstpartax y
BOTHMLLi@X aTepoMaTo3y Ta HeOBaCKynsipu3aLlii Npu3BoanTL A0 AerpafaLlii konareHy | Tvny 3 3amiHoto horo Ha konareH Il Tuny.
Taki naToMopchonoriyHi 3MiHWM CTaHOBMNSATL OCHOBY HECTaBINBHOCTI BNSILLIOK, 3yMOBIIHOIOHYM PO3BUTOK BHYTPILLUHBLOBMSLLIKOBNX
KPOBOBUMNMBIB, BUPa3KyBaHHs 3 eMOONIYHUMK YCKNagHEeHHAMU. BCcTaHoBUNM, WO CUMHTE3 konareHy | Ty 3 HU3bKOK eKc-
npecieto konarexy Il Tuny Ta MMI1-9 BusHayae ocHoBy ¢hibpo3HO-M's30BKX BnsiLok. Lie 3abesnevye ixHio remoguHamiyHy
CTabinbHICTb i CTIAKNIA CYOVHHUIA CTEHO3.
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0co6eHHOCTH NaTOMOPPOAOTUYECKOH CTPYKTYPbl aTEPOCKAEPOTHUECKHX OASILLEK
NPU KapOTMAHOM aTepoCKAEpo3e

0. U. Kysbik

ATepoCcKNepo3 COHHbIX apTepUI — NPU3HAHHBIM MAEP CPeamn NPUYUH ULLEMUYECKUX HapyLLIEHWUIA MO3roBOro KpoBoobpalle-
HUS1. MI3BECTHO, YTO NPy aTePOCKIIEPOTYECKOM CTEHO3€E U TPOMBO3€e COHHbIX apTepuii NpuMepHo B 40 % cnyvaeB BO3HUKAET
MHGpapKT mo3ra. Ocobasi reomeTpus BudypkaLmn COHHbIX apTepuii CO3AAET YCMOBKS A4S Pa3BUTUSA aTEPOCKIIEPOTNYECKMX
Gnsex.

Llenb pa6oTbl — onpegeneHre natoMoponorMieckux 0COBEHHOCTEN CTPYKTYPbI aTePOCKIEPOTUYECKIX BrisLLek Npn Ka-
POTWUAHOM aTepoCKNepose.

Marepuanbi u MeToabl. [poBEAEHO rMCTONOTMYECKoe, TMCTOXMMUYECKOE U UMMYHOMMCTOXMMUYECKOE UCCHENOoBaHUs orne-
paumoHHoro matepuana 680 GomnbHbIX.

PesynbraTbl. Ha ocHoBe naToMOphonornyeckoro aHanmsa CTpykTypbl BRsiLLKW NpW KapOTUAHOM aTepoCckepo3e Bbiaenunm
X OCTTIOXHEHHBIV 1 HEOCNOXHEHHBIA TWMbI. MepBbI TUM — aTepomaTo3Hble HecTabunbHble OMSLLKM C NpeBan1poBaHNEM
o4aroB aTepomMarosa, numdgomakpodaranbHoi UHPUNETPaLMN, BHYTPUONSLLEYHBIX KDOBOMSMUSIHWIA, HEKPO3a BOMOKHUCTbIX
3M1EMEHTOB ¥ oTeKa. IMMYHOTMCTOXMMMYECKM TSt HUX XapaKTepHa Bbicokas akcnpeccus MMIM-9 B makpodbarax v numdoLmtax
C AerpagaLyeit opraHM30BaHHOrO KonnareHa | Tuna B MoBEPXHOCTHbIX U FMyBOKMX COSIX MOKPBILLKY BRSILLKY 1 3aMeHO ero
Ha konnareH |l Tuna (p < 0,05). Bropoit Tun bnsiwek — ctaburnbHble HEOCMOXHEHHbIE ¢ NpeobnagaHnem ¢ubposa, rmannHosa
1 neTpudmkaumm. VIMMyHOrMCTOXMMUYECKM CTPYKTYPY BnsiLuek coctaensan konnareH | Tuna, akcnpeccus konnarena Il Tuna
Hu3kas, akcnpeccus MMI-9 ymepeHHas (p < 0,05).

BbiBoabl. Beicokas akcnpeccus MMI-9 npy kapoTuaHOM atepocknepose B MakpodharansHO-MMMGOLMTapHbIX MHGULTpa-
Tax B ovarax atepomaro3a U HeoBacKynsipusaLmm NpMBOANT K ferpafaumm konnareHa | Tuna ¢ 3ameHoi ero Ha konnareH |l
TMna. Takue naToMopdonorniyeckne N3MEHEHNS nexar B OCHOBE HECTabUINbHOCTW ONsLLEK — Pa3BUTKS BHYTPUOMSLLKOBbIX
KPOBOM3MUSHWIA, 53BbI C IMBONNYECKNMI OCIIOXKHEHUAMU. YCTaHOBNEHO, YTO CUHTE3 KornareHa | Tuna ¢ HU3Kom akcnpeccuen
konnarena Ill Tuna n MMI1-9 onpegensiet 0cHOBY (h1BPO3HO-MbILLEYHBIX BisiLLek. DT 06ecnevnBaET 1X reMOAMHAMMYECKYHO

CTabMNBHOCTb 1 YCTONYMBBIA COCYANCTBIN CTEHO3.

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 CAlesions 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
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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 CAbiopsies were performed in paraffin sections
using monoclonal and polyclonal antibodies. We used
primary monoclonal antibodies to: collagen type | (Clone
RAH C11-0,1 “Thermo Fisher Scientific Inc.”, USA); col-
lagen type Il (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
endarterectomy, 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
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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.
Infive 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. 7). The activity of MMP-9
in the studied plaques was parallel to the increase in
inflammatory cellinfiltration (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
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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.

Maghification: A,B x200.

Fig. 2. The expression of I, Il and IV types of collagen
in carotid AS:

expression of type | collagen: A: in atheromatous plaques,
B: in fibro-muscular plaques;

expression of type Ill 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.

Maghification: A, B, E x100, C, D x200, F, G x40.

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

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

In complicated atheromatous plaques, collagen type
| 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 |lI
collagen in atheromatous plaques is intense and hete-
rogeneous. Immunopositive type Ill 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 Ill is moderate
and in some places weakly expressed. In fibro-muscular
plaques, collagen type | expression is a clear, almost
diffuse, spread. Immunopositive collagen type | deposits
are spread along the entire length of the plaque. Type Il
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
| collagen in the superficial and deep layers of the plaque
coating and its replacement by type Ill 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 Ill collagen from SMCs in the form of
thin and less organized fibers. Replacement of organized
collagen type | by type Ill 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 |, the ex-
pression of collagen type Il 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 lll collagen

ISSN 2306-8027  http://pat.zsmu.edu.ua

359



360

OpuriHaAbHI AOCAIAXKEHHS

content and an increase in type | 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
plagues, 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.
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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 | collagen in the surface and
deep layers of the plaque coating and its replacement by
type lll 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 IlI
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 | collagen with its replacement by type
Il collagen. Such pathomorphological changes underlie
plaque instability — the development of intraplaque hemo-
rrhages, ulcers with embolic complications. Synthesis of
collagen type | with low expression of type Ill 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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