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Purpose: To analyze the relationship among distribution location, characteristics, and vulnerability of carotid plaque using CTA and
provide more information on the risk factors of carotid atherosclerotic plaque.

Patients and Methods: We retrospectively analyzed the CTA images of the head and neck of 93 patients with carotid athero-
sclerosis. Atherosclerosis was developed in 148 carotid arteries. The plaques were divided into a high-risk plaque group and a low-risk
plaque group according to whether the plaques had high-risk characteristics. The maximum cross-sectional area of carotid artery
bifurcation plaque on the axial image was selected, and the cross-sectional lumen was equally divided into four 90-degree sectors,
ventral side wall, dorsal side wall, inner side wall, and outer side wall. The differences in the characteristics and distribution locations
of the plaques in the two groups were analyzed. The characteristic parameters of the cross-sectional plaques at the bifurcation of the
carotid artery. The logistic regression analysis was used to further analyze the risk factors associated with plaque vulnerability.
Results: Among 148 carotid arteries,80 were classified as high-risk and 68 as low-risk groups. There were significant differences
between the two groups concerning the thickness, length, maximum cross-sectional area, burden, and cross-sectional distribution of the
plaques (P < 0.05). The plaque distribution on the dorsal side wall of the carotid bifurcation was higher in the high-risk group than that
in the low-risk group (P < 0.05), dorsal side wall plaque-independent risk factors for the development of vulnerability of plaques in
transient ischemic attack (TIA) patients (95% CI:1.522~6.991, P<0.05).

Conclusion: High-risk plaques tend to occur on the dorsal side wall of the carotid bifurcation, whereas low-risk plaques tend to occur
on the outer side wall of the carotid bifurcation.
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Introduction

In recent years, the incidence of stroke has shown an increasing trend; Atherosclerosis is one of the most important
causes of ischaemic stroke worldwide.! Moreover, up to 30% of ischemic stroke are associated with the rupture of
vulnerable carotid plaque in atherosclerosis.’

More and more studies® have shown that ischemic stroke secondary to carotid artery disease is due to not only
stenosis of the lumen but also distal vascular embolism caused by the rupture of plaque fibrous cap. In previous studies,
imaging features have been compared with pathological histological features.* Calcified plaques were considered as
stable plaques. Intraplaque haemorrhage (IPH), lipid-rich necrotic core (LRNC), fibrous components and surface ulcer
were considered as high-risk features of plaques.” At present, the characteristics of plaque can be observed through
magnetic resonance imaging (MRI) high-resolution vascular wall imaging, and it has a high sensitivity to IPH and

LRNC.® However, MRI image acquisition takes a longer time and requires professional coils, which limits its wide
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application. In contrast, computerized tomography angiography (CTA) is widely used because it can be quickly operated
and perform multi-plane reconstruction.”* Saba et al conducted a retrospective study to measure the average CT values
of several high-risk plaques and found that the density of IPH was lower than that of LRNC.’ Therefore, low-density
plaques are more likely to occur IPH and LRNC. Besides, Eisenmenger et al also found that “napkin ring sign” presents
high predictability of carotid plaque bleeding.'®!'" Carotid artery plaque vulnerability is also associated with plaque
thickness; every | mm increase in calcified plaque thickness will reduce the chance of ipsilateral stroke or transient
ischemic attack.'> However, increasing the thickness of the soft plaque will increase the vulnerability of the plaque.’

The formation of carotid plaque is associated with carotid geometry and hemodynamics; carotid atherosclerotic
plaque often occurs at the bifurcation of arteries.'? Previous studies have only analyzed the longitudinal section of carotid
artery plaque, that is, the carotid bifurcation; however, there has been no research to confirm whether the risk of cross-
sectional carotid artery plaque is associated with the distribution location. Therefore, exploring the prone position of
high-risk plaque is of great significance for perfecting the risk classification of carotid artery plaque. The present study
aims to analyze the relationship among distribution location, characteristics, and vulnerability of carotid plaque,
providing a reference for finding out responsible plaque for patients with TIA.

Materials and Methods

Study Design and Participants Enrollment

This study is in accordance with the Declaration of Helsinki. The Ethics Committee of Lianyungang First People’s
Hospital approval was obtained (KY-20210416001-01), and informed consent was waived because of the retrospective
nature of the study. We conducted a retrospective analysis on patients who underwent continuous head and neck CTA
examinations at our hospital from October 2020 to October 2021. All patients underwent head and neck CTA, and their
clinical and imaging data were complete, and signed an informed consent prior to a head and neck CTA examination.

The inclusion criteria were as follows: (1) Patients who have undergone head and neck CTA and have atherosclerotic
plaques at the unilateral or bilateral carotid bifurcation; (2) Patients who presented TIA symptoms (transient neurological
deficit caused by local cerebral or retinal ischemia, and clinical symptoms generally lasting for <1 h and no more than 24
h) within 3 days before visiting a doctor; (3) The clinical data involved in the research were complete (the recorded data
can show in detail whether it meets the typical symptoms of TIA); (4) The image quality evaluation reached an excellent
level (the image is clear without artefacts).

The exclusion criteria were as follows: (1) Patients with head and neck aneurysms or carotid artery dissection; (2)
Patients with severe liver and kidney diseases; (3) Patients with blood diseases; (4) Patients with severe infection; (5)
Patients with a history of malignant tumours; (6) Patients who underwent acute thrombolysis, endovascular intervention,
carotid endarterectomy, or previous intracranial stent implantation before undergoing CTA examination.

Equipment and Reagents

Siemens Somatom Definition Flash dual-source CT scanner was used. The scanning parameters were set as follows:
current of 125 mA, voltage of 100 kV, collimation of 16x0.6 mm, and layer thickness of 0.75mm. An intravenous
indwelling catheter, a double-rod release syringe, and an iodixanol contrast agent (320 mg I/mL, Jiangsu Hengrui
Pharmaceutical Co., Ltd., China) were also used. The contrast agent was enhanced by puncturing an 18-G trocar from the
anterior elbow vein, and the nonionic iodinated contrast agent iodixanol (320 mg/mL) was injected at a flow rate of 3—
5 mL/s (the total injection amount and flow rate of contrast agent were individually quantified based on the patient’s body
weight and scanning range). After the contrast agent injection was completed, 30 mL of saline was then injected at the
same flow rate.

Assessment of Carotid CTA

All patients who underwent carotid CTA had no history of heart failure or contraindication of iodine contrast agents. The
patient was in the supine position, and the CT scanning ranged from the aortic arch to the carotid siphon. The scanning
was conducted from the patient’s feet to the head. The images were examined before and after the injection of the
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contrast agent. The scanning range was from the lower edge of the aortic arch to the top of the skull, with a scanning time
of 8—12 s. The contrast agent tracing method was used; the aortic arch or carotid artery level was selected as the region of
interest to monitor the CT value. When the CT value exceeded 100 HU, the scanning was automatically triggered after
delaying for 4 s. When the threshold was reached, the patient was instructed to hold his breath after a 4 s interval and the
scanning was restarted. All imaging examinations of patients were performed by experienced radiologists. The patient
was instructed not to swallow or move his head or body during scanning to obtain the required blood vessel images from
the collected data through three-dimensional reconstruction technology.

Image Analysis and Index Measurement and Definition
Image analysis: The GPACS system was used to analyze the segment with a plaque at the carotid bifurcation, and the
uniform window width and level were used for measurement (window width = 800 and window level = 300).

Carotid Plaque Measurement and Plaque Analysis

Every image was read by two radiologists who have been engaged in head and neck imaging diagnosis for >5 years. The
two radiologists were unaware of the clinical data of the patients, and when there was disagreement on the results, the
final decision was made after their discussion.

Plaque at the common carotid artery bifurcation was selected, and the maximum cross-sectional area of the plaque
was chosen as the plaque measurement point from the proximal segment to the distal segment in the axial image. The
GPACS system tool was used to outline the plaque characteristics. The boundary line of the carotid plaque, that is, the
region of interest, was drawn. The plaque area (PA), blood vessel area (VA), reference lumen area (RLA), plaque
thickness, and plaque length (the number of plaque layers from appearance to disappearance X scanning layer thickness
of 0.75) were recorded, and the plaque burden (PB = PA/VA X 100%), remodelling index (RI = VA/RLA), and rate of
stenosis were calculated, respectively. The reference VA is the mean value of the sum of the proximal and distal lumen
areas with no plaque.

The stenosis degree was assessed according to the standard of the North American Symptomatic Carotid Artery
Endometriectomy Test (NASCET): stenosis degree = (distal ICA diameter — inner diameter of ICA at the narrowest
point/distal ICA diameter) x 100% (lumen stenosis rate of 0—49% indicated mild stenosis, 50-69% indicated moderate
stenosis, 70-99% indicated severe stenosis, and 100% indicated total occlusions).

Measurement of CT value of plaque: The maximum cross-sectional area of plaque at the carotid bifurcation on the
axial image was selected, and the edge of non-calcified plaque was drawn as the ROI. The inclusion of calcified and
adipose tissue should be avoided, and the mean value of CT value within the range drawn by ROI was calculated.

Plaque Distribution and Plaque Risk Determination

The maximum cross-sectional area of plaque at the carotid bifurcation on the axial image was selected, and the cross-
sectional lumen was equally divided into four 90-degree sectors, ventral side wall, dorsal side wall, inner side wall, and
outer side wall. If the plaque crosses two areas, the area where the thickest plaque is located shall prevail (Figure 1).

According to the research results by Oliver et al, the morphological characteristics of plaque of the carotid artery on
CTA were compared with those of histological specimens after carotid endarterectomy,'” and the plaques were divided
into high-risk plaque and low-risk plaque.

High-risk plaque (those that met one of the following five conditions): (1) Soft plaque: Low attenuation plaque, with
an average CT value of approximately 60HU, indicating that it mainly includes IPH, LRNC, and fibrous components;'*
(2) Plaque ulcer (Figure 2a): The contrast agent extends to at least | mm outside the blood vessel at the plaque;'*'>(3)
Napkin ring sign (Figure 2b): Annular calcification of the adventitia of the internal carotid artery has a thickness of
<2 mm, and soft plaques can be seen nearby, with a thickness of >2 mm;'*''(4) Point calcification (Figure 2c):'® It is
defined as the calcified part of plaque, with a diameter of <3 mm.

Low-risk plaque: (1) Calcified plaque: CT value of plaque > 130 HU;'%(2) In mixed plaques, the average CT value of
non-calcified plaques is >60 HU, without any of the abovementioned characteristics of high-risk plaque.
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Figure | Shows how each cross-section can be divided into four quadrants.

Figure 2 (a) Plaque ulcers; (b) Napkin ring sign; (c) Point calcification.

High-risk and low-risk plaques were judged by two radiologists who have been engaged in head and neck imaging
diagnosis for >5 years. The controversial plaque was decided by them after consultation.

Statistical Analysis

SPSS version 26.0 was used for data analysis. The continuous variables are presented as meantstandard deviation (SD) and
categorical variables are expressed as percentage. Normally distributed data were described by mean + standard deviation,
whereas non-normally distributed data were described by median (interquartile spacing). The clinical characteristics, plaque
characteristics and plaque distribution were compared between two groups using independent t-test or X’-test, Logistic
regression analysis with generalized estimating equation correction was used to calculate the odds ratio (OR) and corresponding
95% confidence interval (CI) of the risk factors related to plaque vulnerability, with P <0.05 indicating the statistically significant
difference.
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Results

Baseline Data on Patients with Carotid Plaque

In this study, 2296 patients underwent head and neck CTA examination, including 754 cases with atherosclerotic plaques
at the bifurcation of unilateral or bilateral common carotid arteries. From them, 272 patients with an incomplete medical
history and no typical TIA symptoms, 157 patients with head and neck aneurysms, three patients with carotid artery
dissection, six patients with vertebral artery dissection, 76 patients with internal carotid artery occlusion, 58 patients with
intracranial middle cerebral artery occlusion, 51 patients with a malignant tumour and another medical history, and 38
patients with poor image quality and artefacts were excluded. Finally, 93 patients were included in the study, with an
average age of 68.5 (range: 49-91) years, including 91 (61.5%) males, 32 (21.6%) had coronary heart disease, 82
(55.4%) had history of smoking, and 38 (25.7%) used statins. Table 1 shows the clinical characteristics of the population.
There was statistical difference in the statin use between the two groups (P < 0.05).

Among the 93 patients, 38 (25.7%) patients had plaques on one side of the common carotid artery bifurcation and 55
(37.2%) patients had plaques on both sides of the carotid bifurcation. Among them, 14(9.5%) of the patients had
ipsilateral limb weakness. In total, 148 cross-sectional images of carotid plaques were obtained (Figure 3). The two
doctors in the diagnosis group did not disagree with the image evaluation of all patients.

According to the plaque characteristics, there were 56 (37.8%) mixed plaques in line with the criteria of IPH, IRNC,
and fibrous components, 9 plaques accompanied by ulcers, and 18 (12.2%) carotid arteries with point calcification. The
carotid artery plaques were divided into a high-risk plaque group (80 plaques) and a low-risk plaque group (68 plaques)
according to whether the plaques had the characteristics of high-risk plaque. According to the cross-sectional distribution
of the plagues at the carotid bifurcation, the plaques were divided into four subgroups, including ventral, dorsal, inner,
and outer side groups.

Analysis of Plaque Characteristics and Distribution Location of High-Risk and
Low-Risk Plaque Groups

There were significant differences in the distribution location, thickness, length, maximum cross-sectional area, burden,
and stenosis rate of plaques between the high-risk and low-risk groups (P < 0.05). Among them, statistical differences
were observed in the distribution of plaques on the outer and dorsal side walls between the two groups (P < 0.05). The
high-risk plaques were mostly observed on the dorsal side wall, whereas the low-risk plaques were mostly observed on
the outer side wall. There was no statistical difference in the RI of plaque between the two groups (P > 0.05), as shown in
Table 2.

Table | Comparison of Patients’ Clinical Characteristics Between Two Groups of
High and Low-Risk Plaques

MeanzSD or n (%) P
High Risk (n=80) | Low Risk (n=68)
Gender, male 51 (63.7%) 40 (58.8%) 0.539
Age, y 68.37+8.03 69.32+8.8l 0.402
BMI Kg/m? 2426 24.19 0.925
CHD 21(26.3%) 11(16.2%) 0.138
Blood glucose, mmol/L, 6.95£3.20 6.13£2.14 0.192
Low density protein, mmol/L 2.43+0.72 2.35+0.63 0913
High density protein, mmol/L 1.13+0.30 1.09+0.24 0.657
Lipoprotein A, mmol/L 243.62+238.75 295.69+338.30 0.692
Triglyceride, mmol/L 4.45+1.09 4.29+0.98 0.699
Smoking history, proportion 46 (57.5%) 36 (52.9%) 0.578
Statin use 15(18.8%) 23(33.8%) 0.036

Abbreviations: SD, standard deviation; BMI, body mass index; CHD, coronary heart disease.
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2,296 patients who underwent head and neck CTA at
Lianyungang First People's Hospital from October
2020 to October 2021

661 were excluded:
1542 without atherosclerotic plaque formation in unilateral or
bilateral carotid arteries
272 without complete medical history and typical TIA symptoms
157 had carotid aneurysms
3 had carotid artery entrapment
6 had vertebral artery entrapment

76 had internal carotid artery occlusion
58 had middle cerebral artery occlusion

51 had a history of malignancy and other medical conditions

38 with poor image quality and artifacts

y
Among the 93 patients, 38 patients had
plaques on one side of the common carotid
artery bifurcation and 55 patients had plaques
on both sides of the carotid bifurcation

148 cross-sectional images of carotid plaques
were included in the study analysis

high-risk plaque group(80 cases)

low-risk plaque group(68 cases)

Figure 3 Case screening flow chart.

Analysis of the Correlation Factors Between Plaque Distribution and Vulnerability

Among the high-risk and low-risk plaques, the thickness, length, and maximum cross-sectional area of the plaques
distributed on the dorsal side wall of the common carotid artery bifurcation in the high-risk group were greater than those
in the low-risk group, with significant differences between the two groups (P < 0.05). There was no significant statistical
difference in the remodelling mode and stenosis rate of carotid plaques between the two groups (P > 0.05) (Table 3).
In the high-risk plaque group, the average CT values of soft plaques distributed on the inner, outer, dorsal, and ventral
side groups were 27.2 + 25.74 HU, 46.6 + 19.73 HU, 31.3 + 23.66 HU, and 34.1 + 24.84 HU, respectively. There was no
significant statistical difference in the average CT values of soft plaques among the four groups (P > 0.05) (Figure 4).

Table 2 Differences in the Distribution Location and Characteristics Between Two

Groups of High and Low-Risk Plaques (n, %)

High Risk (n=80) | Low Risk (n=68) Total P
Distribution Location
Inner side wall, 20(25.0%) 15(22.1%) 35(23.6%) 0.675
Outer side wall 8(10.0%) 26(38.2%) 35(23.6%) <0.01
Dorsal side wall 37(46.3%) 15(22.1%) 52(35.1%) 0.002
Ventral side wall 15(18.8%) 12(17.6%) 27(18.2%) 0.863
Total 80 68 148 <0.01
Characteristic tix? P
Rate 0.285+0.186 0.208+0.177 2.568 0.011
T 2.262+0.787 2.014+0.591 2.135 0.034
L 15.338+4.316 13.441+£5.290 2.401 0.018
PA 10.380+3.290 7.872+6.592 2.850 0.005
PB 0.305+0.179 0.196+0.212 3.397 <0.01
RI 0.885+0.401 0.997+0.349 —1.806 0.073

Rate, Narrowing rate; T, Plaque thickness; L, Plaque length; PA, Maximum cross-sectional area of the plaque; PB,

Plaque burden; RI, Positive Reconfiguration.
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Table 3 Diagnostic Value of CTA Examination-Related Indicators for Vulnerability of

Dorsal Side Wall Plaques

Dorsal Side Wall | High Risk (n=37) | Low Risk (n=15) t/x? P

Rate 0.308+0.251 0.289+0.198 —-0.277 0.783
T 2.285+0.765 1.827+0.737 2277 0.045
L 16.108+4.575 10.867+4.502 3.759 <0.01
PA 10.354£3.529 7.227£7.619 2.525 0.038
PB 0.338£0.181 0.229+0.289 1.642 0.107
RI 0.916+0.506 0.979+0.402 —0.429 0.669

Abbreviations: Rate, Narrowing rate; T, Plaque thickness; L, Plaque length; PA, Maximum cross-sectional area
of the plaque; PB, Plaque burden; RI, Positive Reconfiguration.

Multivariate Analysis of the Correlation of Plaque Characteristics and Distribution

Location with Vulnerability
Multifactor logistic regression analyses showed that Dorsal side wall plaque-independent risk factors for the development

of vulnerability of plaques in TIA patients (95% CI:1.522~6.991, P < 0.05)(Table 4).

Discussion
This study assessed the relationship between the vulnerability and distribution of 148 carotid plaques in patients with TIA
based on CTA. Our study found that high-risk plaques mostly occurred on the dorsal side wall of the carotid bifurcation,
which had a larger thickness, length, and cross-sectional area, whereas the low-risk plaques mostly occurred on the outer
side wall of the carotid bifurcation. The above findings were of great importance, suggesting that the vulnerability of
carotid plaques is closely associated with the plaque distribution location.

In the present study, we found that compared with low-risk plaques, those high-risk plaques were significantly less
likely to use statins. In previous studies, Derksen et al'” have shown that statin use is independently associated with
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Distribution position of plaque

Figure 4 Shows the average CT values of plaques with different distribution locations in the high-risk plaque group, Error bars represent the mean with SEM (standard error
of mean) of the four data sets. There was no statistical significance was analyzed using two-way ANOVA, (P>0.05).
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Table 4 Logistic Regression Analysis of the
Correlation of Distribution Location, T, L, PA with
Vulnerability of Plaques

Variables OR (95% CI) P

Dorsal side wall | 3.262 (1.522 ~ 6.991) 0.002

T 1.33 (0.764 ~ 2.313) 0.313
L 1.067 (0.988 ~ 1.153) 0.100
PA 1.08 (0.998 ~ 1.168) 0.055

Abbreviations: T, Plaque thickness; L, Plaque length; PA,
Maximum cross-sectional area of the plaque.

carotid IPH. The use of statins can reduce the formation of new blood vessels within plaques. Reduced inflammation and
angiogenesis may play a key role in the reduction of carotid plaque IPH, this will reduce the vulnerability of the plaque.'®

High-risk plaque rupture often leads to ipsilateral ischemic stroke. If the condition is not diagnosed and treated in time
before plaque rupture, the long-term prognosis of patients would often be poor. CTA can clearly show the high-risk
characteristics of plaque. The most common characteristic of high-risk plaque is fibrous lipid plaque, which is mostly
composed of IPH, LRNC, and fibrous components, and they are closely associated with plaque vulnerability and
increased risk of stroke.

At present, little research has been conducted on the distribution location of plaques at the carotid bifurcation on the
cross-section level. According to the images on the axis, Jiang et al have studied the distribution of intracranial
atherosclerotic plaques. Their study results showed that the plaques were prone to occur in the ventral and superior
lateral walls of intracranial atherosclerotic arteries, which was associated with the fact that intracranial atherosclerotic
plaques were often located on the opposite side of the opening of the perforating artery.'” However, there is no
perforating artery formed in the carotid artery, and the carotid canal lumen is thick with a thick wall. Therefore, the
distribution law of intracranial atherosclerosis does not apply to that of the carotid artery. As a result, it is necessary to
conduct a more in-depth study on the hemodynamic and geometric characteristics of the carotid artery on the cross-
section level.

In this study, analysis was performed focusing on the plaque characteristics at the carotid bifurcation. This is mainly
because carotid artery plaques often occur near the bifurcation, which is correlated with the unique anatomical
characteristics and hemodynamics of the carotid bifurcation. A previous study”® found that blood will generate pressure
on the blood vessel wall during the process of blood flow, including wall pressure (WP: perpendicular to blood vessel
wall) and wall shear stress (WSS: parallel to blood vessel wall). Endothelial cells would respond to the combination of
low WP and WSS, thus promoting the formation of arteriosclerosis. There is a close correlation between local low WP
plaque and wall thickness, and it is easier to form atherosclerosis at low WP, particularly lipid plaque. Our study
demonstrated that the thickness of high-risk plaques distributed on the dorsal and outside side wall were higher than that
of low-risk plaques, thus suggesting that lower WP surrounding these plaques. Moreover, high WSS has been proven to
induce specific changes in endothelial cell behaviour, aggravate inflammation, and stimulate the progress of athero-
sclerosis and lipid core.?' The relationship between the distribution location of high-risk plaques on cross-section and
WSS needs to be further studied. In the future, the high WSS of high-risk plaques in different distribution locations can
be verified by computational fluid dynamics simulation. In addition, Sitzer et al explored the relationship between the
original angle of the internal carotid artery (that is, the rotation angle of the internal carotid artery from the common
carotid artery) and early atherosclerosis using high-resolution ultrasound on cross-section and found that the internal
carotid artery originated from the dorsomedial side was positively correlated with the increase of intima-media thickness
and plaque formation in the bulbous of the internal carotid artery.”” This also suggested that the formation of high-risk
plaque on the dorsal side is associated with the original angle of the internal carotid artery, and it is necessary to expand

the sample size to investigate their correlation.
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Conversely, the geometric factors of lumen flare and proximal curvature at carotid bifurcation have been previously
proven to be significant predictors of blood flow disorder at the carotid bifurcation.”® Lee et al found that vulnerable
plaques tended to appear near the shunt and at the distal end of stable plaques, and the flow disorder (low WSS or
oscillating shear stress) at the carotid bifurcation could be predicted by lumen flare and centerline bending.>* High-risk
plaques are more prone to form in carotid arteries with a small curvature; moreover, there is a significant negative
correlation between vascular curvature and blood flow disorder.”” The dorsal side wall at the common carotid artery
bifurcation may have a smaller curvature, so it is easier to form turbulence, which leads to vasoconstriction, platelet
aggregation, and inflammation, thus causing the rupture of high-risk plaques.”® Follow-up studies should enhance the
analysis of the geometric characteristics of the carotid artery and measure the degree of lumen flare and curvature of the
carotid artery at different distribution locations to provide the basis for further confirming the results of this study. On the
contrary, calcified plaques are more prone to occur on the outer side wall, probably due to the larger curvature of the
outer side wall, the smaller degree of blood flow disorder, and the difficulty in forming turbulence. The appearance of
calcified plaques on CTA is negatively associated with ipsilateral cerebrovascular ischemic disease, and the development
probability of ipsilateral stroke or transient cerebral ischemia will decrease with each increase of 1 mm of calcified
plaques.”’

Analysis was also performed on the length, stenosis degree, maximum cross-sectional area, and plaque burden of
plaques of the two groups, and the results showed that the above plaque characteristics were more significant in the high-
risk plaque group. These plaque features were positively correlated with plaque vulnerability.”® The thickness, length,
and maximum cross-sectional area of plaques distributed on the dorsal side were significantly correlated with plaque
vulnerability (P < 0.05), indicating that only evaluating the degree of carotid stenosis will underestimate the risk of
lesions.?® Statistical significance was only observed in the maximum cross-sectional area and plaque burden. Our study
also found that there was no obvious difference in the CT values of high-risk plaques at different distribution locations,
which may be due to the overlapping CT values of components constituting plaques or insufficient sample size.
Furthermore, the data showed that the average CT values of high-risk plaques on the outer side were the highest
among the four groups. Most are calcified plaques, statistical significance was found in the maximum cross-sectional area
and plaque burden, the cross-sectional area of calcified plaque was negatively correlated with plaque vulnerability,
suggesting that the plaques on the outer side have good stability.

There are a few limitations to this study: (1) To ensure the uniform distribution of ROI, we selected the location of
plaque on the largest carotid bifurcation (that is, the location with the most severe carotid stenosis) to establish each ROI.
However, on CTA, the periarterial adipose tissue will sometimes inevitably be included in the ROI, and considering that
the calcification plaque will have hardening artefacts, we would not necessarily obtain a very accurate CT value. (2) In
this study, hemodynamics and geometric characteristics around high-risk plaques were not measured.

Conclusion

Our study found that in patients with TIA, high-risk plaques tend to be distributed on the dorsal side wall of the carotid
bifurcation, and the larger the cross-sectional area of the plagues at the carotid bifurcation and the greater the plaque
burden, the more the plagues tend to be unstable These findings can help clinicians to judge the responsible lesions of
patients with TIA and treat them as soon as possible to improve the prognosis of patients. However, the relationship
between the plaque distribution location on the cross-section and stroke is still unclear, and the underlying mechanism
needs to be further explored in the future through computational fluid dynamics simulation or hemodynamic measure-
ment of 4D flow MRI.
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