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Abstract: Background: Atherosclerosis is a progressive disease that results from a combination of endothelial
dysfunction and inflammatory arterial wall disorder. Stenosis of the carotid artery caused by atherosclerotic
plaques is responsible for approximately 10-20% of strokes and transient ischemic attacks, and the low-grade
intraplaque inflammation interferes with lesion stability and progression. Methods: In this cohort study,
initially, 119 patients were enrolled who underwent carotid endarterectomy. Of these, 67 cases with active
perilesional inflammatory infiltrate were chosen for further immunohistochemical examination. The CD68+
infiltrate, INOS2+, Argl, and CD31 expressions were quantified around the lipid core by digital morphometry.
These results were correlated with the presence of morphological changes leading to plaque instability:
ulceration, thrombosis, intraplaque hemorrhage, the presence of the lipid core, calcification, and
neovascularization. Results: Patients with a stronger macrophage CD68+ infiltrate were associated with
intraplaque hemorrhage (p=0.003). In 12 cases with dominant iNOS2 positivity, the occurrence of
atherothrombosis was significantly more frequent (p=0.046). Plaque neovascularization, characterized by
CD31+, was correlated with atherothrombosis (p=0.02). Conclusion: The intensity of macrophage infiltration
correlates with intraplaque hemorrhage, and the presence of pro-inflammatory iNOS2+ macrophages is
associated with atherothrombosis in endarterectomized carotid plaques. Neovascularization also has potential
thrombotic capacity.

Keywords: carotid atherosclerosis; macrophage; intraplaque neovascularization; atherothrombosis;
intraplaque hemorrhage
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1. Introduction

Atherosclerosis is considered to be a dynamic, progressive disease consisting of a combination
of endothelial dysfunction and inflammatory arterial wall disorder. Regarding cerebrovascular
disease, carotid atherosclerotic disease is a complex condition that can be a precursor to stroke,
leading to irreversible neurological deficits or death. Stroke, a pathology of the elderly, is the second
leading cause of death worldwide according to the latest statistics and may appear in the case of
moderate and severe carotid atherosclerosis, usually symptomatic, due to unstable plaques [1-3].
Severe stenosis caused by atherosclerosis of the carotid artery is responsible for more than 15% of
strokes and transient ischemic attacks (TIAs), and this stenosis occurs at the level of the common and
internal carotid arteries [4,5].

The clinical studies have demonstrated that most patients with high-grade stenosis remain
asymptomatic, while a significant number of patients with minor stenosis progress to symptomatic
disease. Therefore, there are factors other than the degree of stenosis that might determine the activity
of a carotid lesion. Histopathological analysis of fragments removed by vascular surgery showed a
close correlation between plaque morphology and neurological symptoms (transient ischemic attack,
minor stroke, and major stroke), depending on the severity and the nature of existing injuries.
Patients with “vulnerable plaques” (with surface ulceration, intraplaque hemorrhage, thinner fibrous
cap, and rich neovascularization) are prime candidates for stroke by a high risk of embolization and
thrombosis [6]. These vulnerable carotid plaques are characterized by a chronic inflammatory process
that develops in the endothelial layer of the arterial wall, involving the influx of the monocytes from
the blood, activation and migration of macrophages, development of lipid deposits, smooth muscle
proliferation and the appearance of neovascularization [7,8].

There is a cause-effect correlation between arterial wall inflammation and neovascularization of
the plaque. The inflammatory stimulus leads to the release of vascular endothelial growth factor
(VEGF) by smooth muscle cells, with consequent activation of neoangiogenesis within the
atherosclerotic plaque. These immature vessels are highly permeable due to reduced gap junctions
and thus serve as a port of entry for other inflammatory cells, lipids, and even red blood cells that
contribute to plaque growth. At the same time, macrophages secrete metalloproteinases such as
MMP-9 and other collagenases that destroy connective fibrous tissue, thereby stimulating
neovascular growth - changes that lead to a vulnerable atherosclerotic plaque [9].

A morphological and immunohistochemistry analysis of the atherosclerotic plaques identified
two types of macrophages in the same plaque — M1 pro-inflammatory macrophages with a glycolytic
metabolism, which are dominant in the symptomatic tissues and specific for unstable plaques and
M2 anti-inflammatory macrophages with an oxidative metabolism which are dominant in the
asymptomatic tissues and specific for more stable plaques. The activity of the macrophages influences
the progression and regression of the atherosclerotic plaque, each subtype, M1 and M2, having
different effector functions. The M1 subtype predominantly expresses iNOS2, whereas the M2 shows
more Argl positivity. The predominance of one of these subtypes is directly influenced by the
immune system cells, especially by the cytokines and growth factors [10-13].

Immunohistochemistry studies of atherosclerosis identified the presence of neovascularization
in the atherosclerotic plaque and indicated that neoangiogenesis plays a role in the progression and
complications of plaques [14-17]. Inflammation and macrophage subtypes have been shown to play
an essential role in angiogenesis. Plaques with many neoformation vessels are more unstable and
prone to rupture, leading to atherothrombotic complications such as intraplaque hemorrhage [12,18—
20].

The latest studies identified interactions between the immune cells and vascular smooth muscle
cells of the arterial wall, which play a critical role in the initiation, progression, and stabilization of
atherosclerotic lesions. Numerous vascular smooth muscle cells around the atherosclerotic lesion
provide plaque stability and prevent fibrous cap rupture. The loss of these smooth muscle cells
through senescence or apoptosis results in increased macrophage content and necrotic core volume,
decreased matrix content, and significant fibrous cap thinning [21,22].
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The grade of carotid artery stenosis is considered by guidelines the most important criteria in
disease classification and determining the indication for endarterectomy. However, recent evidence
suggests that the characteristics of atherosclerotic plaque may have a more direct influence on the
occurrence of stroke than stenosis alone [23,24].

2. Materials and Methods

2.1. Patients and tissue fragments

The carotid plaque specimens whose morphological characteristics are processed in this study
were obtained by endarterectomy from 119 patients diagnosed with symptomatic carotid artery (CA)
stenosis, hospitalized between 2020 and 2022 January at the Vascular Surgery Clinic - County
Emergency Clinical Hospital and the Cardiovascular Surgery Clinic - Cardiovascular Disease and
Transplant Emergency Institute of Targu Mures (Romania). Plaque fragments obtained from the site
of maximum stenosis were immediately fixed in 10% buffered formaldehyde, decalcified in ethylene-
diamine-tetra-acetic acid (EDTA) solution pH 7, embedded in paraffin, processed by standard
histological methods, and evaluated by histopathological examination (Figure 1).

Figure 1. Representative atherosclerotic plaque fragments obtained by endarterectomy from a patient
with unstable carotid plaques, processed and fully examined, characterized by complex morphology
and composition (H&E stain, original magnification).

Based on the results of a previous study [25], 75 cases with an active perilesional inflammatory
infiltrate were selected for further immunohistochemical studies to characterize the monocyte-
macrophage component of this mononuclear infiltrate.

Of the 75 re-examined sections stained with hematoxylin and eosin (H&E), 67 tissue samples
were of sufficient quantity and quality for immunohistochemical examination and digital
morphometry. The main morphological changes leading to plaque instability were recorded: new
vessel formation (angiogenesis), the pattern of calcification (type, position, and extent), presence and
structure of the lipid core (lipid-rich large necrotic core or hyaline-rich core), atherothrombosis,
intraplaque hemorrhage, fibrous cap damage (with or without parietal thrombus fragments), each
scored as present or absent [25]. We also immunohistochemically characterized the infiltrating
macrophages and their subtypes and the density of neovascularization.
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2.2. Immunohistochemistry for macrophage density, subtyping, and detection of vessel density in the
atherosclerotic plaque

Anti-CD68 mouse monoclonal antibody, clone IC70A (Agilent, Dako Santa Clara, CA, USA) was
used to identify the macrophage population, followed by iNOS2 positive M1 (clone RBT, BioSB) and
Arg-1 M2 (clone EP261, BioSB) subtype specification according to the manufacturer’s instructions.

In parallel with the macrophage study, plaque neovascularization was also assessed using an
anti-CD31 antibody (clone 1A10, BioSB) combined with an anti-SMA antibody (clone BSB-15, BioSB).
EnVision FLEX/HRP (Agilent, Dako Santa Clara, CA, USA) secondary antibody in combination with
3,3’-diaminobenzidine chromogen (DAB) substrate visualized the reaction product as a brown color.
Cell nuclei were counterstained with hematoxylin. As a negative control, normal serum was
substituted for the primary antibody. All three immunomarkers we interpreted against positive
internal controls for these reactions. Positive controls for CD68 and CD31 reactions were
immunolabelled foam cells of the lipid core, endothelial cells of the intima, and endothelium of the
vasa vasorum. SMA expression at the level of immature vessels was reported in the immunolabeling
of smooth muscle cells of the media.

2.3. Assessment of intraplaque neoangiogenesis

The presence or absence of intraplaque neoangiogenesis was initially assessed on H&E-stained
sections. Plaques were considered to be revascularised in the presence of small to large, thin-walled,
neoformed vessels with dilated or collapsed lumen without or poor smooth muscle cells (Figure 2a,b).
These vessels covered by CD31-positive endothelium often coexist with CD31-positive endothelial
cell buds (vascular precursors) (Figure 2c).
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Figure 2. (a) SMA-immunostained carotid artery wall fragment affected by atherothrombosis at the
level of the plaque with a proliferation of newly formed vessels ranging from microvessels (with
reduced/collapsed lumen) to dilated branching vessels with irregular lumen (circled). (b) These
immature and dysmorphic vessels lack SMA-positive smooth muscle cells (blue arrows) or show
discontinuity of SMA-positive immunolabelled coverage (red arrows). (Immunolabel was reported
to be positive for endogenous control on media and myofibroblasts within the plaque, visualized by
3,3’-diaminobenzidine chromogen, 10x magnification). (c) Revascularized plaque with small to large,
thin-walled, neovascularized vessels covered by CD31-positive endothelium (blue arrows). Immature
vascular elements in the form of endothelial cell buds (red arrows) can also be observed (CD31
immunohistochemistry in combination with 3,3’-diaminobenzidine chromogen, original

magnification x 4).

2.4. Semi-quantitative scoring of the CD68+ mononuclear inflammatory infiltrate

Based on the density of CD68-labelled macrophages around the plaque, they were classified as
low-grade (score 1) or high-grade (score 2-3). Score 1 was considered a reduced CD68+ infiltrate,
representing less than 5% of the cellular population around the lipid core examined with ob.4 (Figure
3a). Score 2 was characterized by immunolabelled cells between 5-10% of the total peri-lesional cell
pool (Figure 3b). If the number of positive cells exceeded 10%, the case was classified as score 3
(Figure 3c). To accurately characterize the abundance of macrophages, we quantified
immunolabeling by determining the positive surface area using a digital morphometry method.

fa
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Figure 3. Scoring of the density of CD68 labeled monocytes/macrophages around the plaque. (a) Score
1: few positive CD68 cells representing less than 5% of the cell population around the lipid core
(marked with a red star). (b) Score 2: immunolabelled cells between 5-10% of the total perilesional cell
pool. Score 3: number of positive cells greater than 10%. (c) CD68/3,3’-diaminobenzidine chromogen

immunohistochemistry, original magnification x4.

2.5. Digital image analysis method to measure quantitative individual plaque characteristics (CD68, Argl,
iNOS2, CD31)

A total of 242 microphotographs were obtained from representative regions containing the most
cells or vascular elements detected by immunolabelling (hot-spot method) at 10x magnification using
the AxioLab5 microscope connected to the Zeiss AxioCam 8 digital camera (Figure 4).
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Figure 4. (a) Hotspot method: Choice and annotation of the most representative regions containing
the most immunolabelled elements (original magnification x2). (b) CD68 positive mononuclear cell
density in the area selected for digital image analysis (CD68/3,3’-diaminobenzidine chromogen
combination, original magnification x 10).

Quantitative analysis of all carotid plaque images was performed using Image J software (Image
J 2 for macOS, version 2.3.0, NIH, National Institute of Health, Bethesda, Maryland, USA). Images
were imported into the Image]J software. The percentage of CD68, iNOS2, Argl, and CD31 positive
cells was calculated relative to the total area of the imaged area (positive relative area). For the
Argl/iNOS2 composition, we defined a cut-off value of 1 and classified our cases into Argl dominant
and iNOS2 dominant cases (Figure 5).
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Figure 5. Detection of pro-inflammatory (M1) and anti-inflammatory (M2) monocyte/macrophage
subsets in histological regions corresponding to highly reactive cell pools. Argl+ (a) versus iNOS2+
(b) cells within the “inflammatory hotspot.” Visualization by immunohistochemistry (3,3’-
diaminobenzidine chromogen, original magnification x 4).

2.6 Statistical analysis

Categorical and transformed continuous variables were assessed for absolute and relative
distribution frequencies. Analysis of 2x2 or 3x2 contingency tables was performed using Fisher’s
exact test and Pearson 2 test. Non-linear logistic regression models were used to predict ulceration
and atherothrombosis. In all tests, P values < 0.05 were considered statistically significant. Data were
processed using Microsoft Excel 2016 (Microsoft Corporation, Redmond, WA, USA) and GraphPad
Prism 10.0 (GraphPad Software LLC., San Diego, CA, USA).

3. Results

3.1 Study group characteristics

A total of 67 cases (47 men and 20 women) with a mean age of 65 years were included. All
patients had severe carotid stenosis (>70%). Bilateral carotid involvement was diagnosed in 23 (34.3%)
patients; 60 (89.5%) had hypertension at the time of admission, 55 (82.1%) also had coronary artery
disease, 11 (16.4%) had associated peripheral arterial disease, and in 16 of them were involved of two
or three arterial beds (carotid, coronary, limb). Sixteen patients had diabetes (type I, 23.9%), and all
but one had some form of dyslipidemia (total cholesterol >200 mg/dL, serum triglycerides >150
mg/dL). 14 cases had neutrophilia (PMNs > 7.0x 10°/L), 3 lymphocytosis (LYMPHSs > 3.5x 10°/L) and
9 monocytosis (MONOs > 900x 10°/L) (Table 1).

Table 1. Demographic factors, atherosclerotic plaque characteristics, immunohistochemistry
parameters, complete blood count parameters.

Demographic factors

Age (years) 65.4+1.1
Gender (male/female) 47 (70.1)/ 20 (29.9)
Plaque characteristics

Ulceration (yes/no) 40 (59.7) / 27 (40.3)
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Atherothrombosis (yes/no) 13 (19.4) / 54 (80.6)
Intraplaque hemorrhage (yes/no) 30 (54.5) / 37 (45.5)
Lipid core (yes/no) 55 (82.1) / 12 (17.9)
Microcalcification (yes/no) 36 (53.7) / 31 (46.3)
Superficial/deep calcification (yes/no) 25 (37.3) / 42 (62.7)
Macrocalcification (yes/no) 17 (25.3) / 50 (74.7)
Neovascularization (yes/no) 41 (61.2) / 26 (38.8)
Immunohistochemistry parameters Positive surface area
CD68+ surface (%) 1.37+0.14
iNOS2 + surface (%) 0.48 +£0.08
Argl + surface (%) 1.79+0.20
CD31 + surface (%) 0.69 +0.10
Complete blood count parameters
Neutrophils (10°/L) 5.89 +£0.28
Lymphocytes (10%/L) 2.11+£0.09
Neutrophil/Lymphocyte ratio 3.38 £0.67
Monocytes (10%/L) 0.76 £ 0.08

Continuous variables are presented as mean + SE. Binomial variables are presented as absolute numbers, and
percentages are given in brackets.

3.2. Histological signs of the complicated plaque

Most specimens had a large lipid core (82%), while 59% showed ulceration, 54% intraplaque
hemorrhage, and 19% atherothrombosis. Microcalcifications were present in 53%, while
macrocalcifications in 25% of the samples (Table 1).

3.3. Correlation of the CD68+ infiltrate grade with signs of plaque complication

Macrophage density in the non-core lesion area was scored as previously described and
expressed as weak (score 1) or strong (score 2, 3) infiltrate. In a 2x2 contingency analysis, these
categories did not show significantly different distributions for ulceration, thrombosis, and
neovascularization. However, CD68+ scores 2/3 were significantly more associated with intraplaque
hemorrhage than score 1 (p =0.003), with 24 cases (60%) in the first group and only six patients (23%)
in the second group (Table 2).

Table 2. Correlation of the CD68+ infiltrate grade with plaque complication.

CD68+ infiltrate density

Score 1 Score 2-3 p Value
Ulceration (yes/no) 14/12 26/14 0.318
Atherothrombosis (yes/no) 5/21 8/32 1
Intraplaque hemorrhage(yes/no) 6/20 24/16 0.003
Neovascularization (yes/no) 18/9 23/17 0.609

Incidence is shown as an absolute number. p values calculated by Fisher’s exact test.

3.4 Comparison of the Argl dominant vs. the iNOS2 dominant groups

We used digital morphometry to assess CD68+ macrophages as the main elements of the cellular
infiltrate. We also quantified the Argl+ and iNOS2+ surface area within the “inflammatory hotspot”
to determine the dominance of the M2 or M1 subtype. We defined a cut-off value one and divided
our cases into Argl-dominant (n=55) and iNOS2-dominant (n=12) cases. The two groups showed a
significant difference in the occurrence of atherothrombosis (p = 0.046), with the iNOS2+ dominant
specimens presenting this complication more frequently (41.7% vs. 14.5%). None of the other plaque
characteristics showed a significantly different distribution between the groups. The CD68+ surface
was almost the same in both groups (1.38%- Arg-1 dominant vs. 1.33%- iNOS2 dominant). The

do0i:10.20944/preprints202309.0464.v1


https://doi.org/10.20944/preprints202309.0464.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 September 2023

do0i:10.20944/preprints202309.0464.v1

absolute numbers of neutrophils, lymphocytes, monocytes, and the neutrophil/lymphocyte ratio
were comparable between the groups (Table 3).

Table 3. Correlation of Argl+ and iNOS2+ with demographic factors, plaque complications, and

complete blood count characteristics.

- > -
Groups Argl(/;=N5C5))SZ_1 Argl(ﬁleC;)Skl p Value
Demographic factors

Age (years) 65.5+1.2 64.8+1.9

Gender (male/female) 36 (65.5) / 19 (34.5) 11 (91.6) /1 (8.4) 0.090
Plaque characteristics

Ulceration (yes/no) 33 (60) / 22 (40) 7 (58.3)/ 5 (41.7) 0.990
Atherothrombosis (yes/no) 8 (14.5) / 47 (85.5) 5(41.7)/ 7 (58.3) 0.046
Intraplaque hemorrhage (yes/no) 23 (41.8) / 32 (58.2) 7 (58.3) / 5 (41.7) 0.348
Lipid core (yes/no) 45 (81.8) /10 (18.2) 10 (83.3) / 2 (16.6) 1.000
Microcalcification (yes/no) 29 (52.7) / 26 (47.3) 7 (58.3) / 5 (41.7) 0.760
Superficial/deep calcification(yes/no) 19 (34.5) / 36 (65.5) 6 (50) / 6 (50) 0.345
Macrocalcification (yes/no) 13 (23.6) / 42 (76.4) 4 (33.3) / 8 (66.6) 0.482
Neovascularization (yes/no) 31(56.3) / 24 (43.7) 10 (83.3) / 2 (16.6) 0.108
CD68 + area (%) 1.38 £0.16 1.33+0.35 0.740
CD31 + area (%) 0.68 +0.12 0.75+0.23 0.502
Complete blood count

parameters

Neutrophils (10%/L) 5.72+0.29 6.65 +0.78 0.226
Lymphocytes (10°/L) 2.08 +£0.09 2.24+0.23 0.491
Neutrophil/Lymphocyte ratio 3.27+0.36 3.38 £ 0.67 0.692
Monocytes (10°/L) 0.64 +0.03 0.76 £ 0.08 0.245

Continuous variables are presented as mean + SE. Binomial variables are presented as absolute numbers and
percentages in brackets. Comparison of variables with discrete values was performed using Fisher’s exact test
(2 x 2 groups) and Pearson 2 test (3 x 2 groups). For continuous variables, the Mann-Whitney U test was used
to compare groups. The level of statistical significance was set at p = 0.05.

3.5. Correlation of neovascularization with other histological signs of plaque instability

Perilesional inflammation was associated with plaque neovascularization in only 41 cases. In
these cases, neovascularization, observed as the presence of newly formed intraplaque microvessels,
was associated with a significantly higher CD31+ surface area than in 26 samples without this
phenomenon (1.07 = 0.14% vs. 0.05 = 0.05%, p<0.001). Ulceration (n=40) and hemorrhage-positive
plaques (n=30) had slightly, but not significantly, higher values of CD31+ surface area than their
negative counterparts (0.72 + 0.16% vs. 0.61 + 0.11%, p = 0.607 and 0.69 + 0.20% vs. 0.66 + 0.11%,
p=0.324). In contrast, in the 13 plaques with atherothrombosis, the CD31 positive area was
significantly higher than in the plaques without atherothrombosis (1.02 +0.20 vs. 0.61 £0.12, p =0.020)
(Figure 6).
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Figure 6. Dot-plot representation of the intraplaque CD31+ surface area by the Argl and iNOS2
dominant groups. Values are represented as percentages, mean + SE. *p < 0,05.

4. Discussion

In this large-cohort study of endarterectomy specimens obtained from patients with
symptomatic stenosis, we have provided a detailed oversight of the inflammatory composite
elements that make up the ulcerated hemorrhagic and potentially unstable micro-environment
within what are essentially heterogeneous atherosclerotic plaques. With these findings, we can
further define the relationship between active macrophage infiltration, the neoangiogenic processes,
and potential thrombotic capacity within the developing intimal core.

The co-expression of immature irregular and leaky intimal microvessels has previously been
linked to the development of “soft” inflammatory and foam cell-loaded plaques susceptible to rupture
[7,8]. This is often associated with significant inflammatory infiltrate concomitant with extracellular
matrix breakdown and thinning of the protective fibrous cap. Here, we have characterized the
expression of CD68-positive macrophages within the intimal cores of studied plaques, showing that
higher macrophage presence was associated with more evidence of plaque hemorrhage, and more
specifically, in these inflammatory ‘hotspots,” where there was evidence of atherothrombosis, M1
macrophages (designated by staining with anti-iNOS-2), were the predominant phenotype [10,13].

These results suggest the importance of monitoring plaque inflammatory activity and possibly
chronic systemic inflammation in at-risk patients. Several studies have indicated that blocking
macrophage activity in vivo could help stabilize and slow down the growth of arterial plaques. For
example, Tang et al. used nanoparticles to direct simvastatin to infiltrate regions in ApoE4 mice,
successfully blocking macrophage proliferation and slowing plaque growth [26]. Li et al. summarized
the importance of M1 macrophages as instigators of plaque progression, suggesting the possibility of
their use as a clinical biomarker [27].

In general, angiogenesis seen within growing plaques indicates instability and likely
hemorrhage. Evidence has shown that endothelial cells of neointimal vessels can originate following
activation and trans-migration of vasa vasorum of the adventitia. Hence, strong pro-inflammatory
signaling from macrophage-rich microenvironments could be the switch that instigates this [28]. In
this study, microvessels from the intima showed heterogeneous size, shape, and patency, some
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bearing stabilizing smooth muscle cells. The frequency was correlated with atherothrombotic
regions.

One limitation of this study was that we did not characterize the currently active microvessels
using antibodies such as CD105. Further studies should aim to examine in more detail the
relationship between actively growing immature vessels, macrophage phenotype, and local secretion
of matrix destabilizing proteins. Future targeting of arterial ‘hotspots’ encouraging fibrous
proliferation might be one therapeutic mechanism to stabilize potentially thrombotic intimal zones
[29], while macrophage Ml-radiolabelled tracers could support enhanced imaging to identify
vulnerable regions at risk of thrombosis [30].

5. Conclusions

In this study, we focused on the carotid atherosclerotic plaques with an active perilesional
inflammatory infiltrate and correlation with their histological and immunochemistry signs specific
for unstable plaques: ulceration, thrombosis, intraplaque hemorrhage, lipid core, calcification, and
neovascularization.

Our results release the following aspects about inflammatory atherosclerotic plaques of patients
with severe carotid stenosis: (1) Most of the plaques had a large lipid core, while ulceration,
intraplaque hemorrhage, microcalcifications were present in more than 50% of the cases, (2) massive
infiltrate with macrophage in the non-core lesion area was associated with intraplaque hemorrhage,
(3) M2 subtype of macrophage was the dominant one in our specimens and this was associated with
atherothrombosis, (4) absolute neutrophil, lymphocyte, monocyte counts and neutrophil/lymphocyte
ratios were comparable between M1 and M2 dominant groups, (5) plaque neovascularization
identified with CD31+ high areas were correlated with atherothrombosis.

Based on our results, we hypothesize that even if we have carotid plaques that create high-grade
artery stenosis, their complications, specific to the unstable plaques, may appear and lead to
neurological disorders like transient ischemic attack or stroke. Further, multidisciplinary studies are
needed to prevent the development of complications from carotid atherosclerotic inflammatory
plaques.
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