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Abstract: Internal carotid artery stenosis (ICAS) is one of the most important factors leading to ischemic
stroke due to various etiologies. The choice of clinical individualized treatment plan varies according to
the severity of the lesion. With the continuous improvement of current diagnosis and treatment standards,
higher demands are placed on the evaluation of ultrasonic imaging characteristics of ICAS. Ultrasound
can not only identify the etiology of ICAS, grade the severity of stenosis, and evaluate cerebral blood
perfusion, but also conduct long-term follow-up to evaluate treatment effectiveness and the control of
risk factors. Accurate classification and evaluation of ICAS lesions by ultrasound imaging provide
scientific and reliable objective information for clinical diagnosis and treatment, thereby assisting in the
selection of clinical individualized treatment. Therefore, this article reviews the clinical application and
progress of ultrasound in the evaluation of ICAS.
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1. Introduction

Studies show that stroke is the third leading cause of death after heart disease and cancer, and one of
the leading causes of disability !,the proportion of ischemic stroke is as high as more than 80% 2. Internal
carotid artery stenosis (ICAS) is an important cause of ischemic stroke. Early diagnosis and treatment of
ICAS can reduce the incidence of ischemic attack (TIA) or cerebral infarction in ICAS patients’.
According to the relevant guidelines published by the European Society of Cardiology in 2018 carotid
ultrasound is recommended as the preferred method for the assessment of carotid artery disease. In recent
years, the main ultrasound evaluation methods available in clinical practice include two-dimensional
gray scale ultrasound, color doppler ultrasound, spectral doppler ultrasound, transcranial doppler
sonography (TCD) and the emerging three-dimensional energy doppler. Different ultrasound techniques
can provide important objective information for the clinical treatment of ICAS in terms of etiology, lesion
degree, long-term follow-up, efficacy evaluation, and selection of individualized treatment.

2. Etiological identification of ICAS

According to the different causes of ICAS, it can be divided into atherosclerotic ICAS and non-
atherosclerotic ICAS, among which the ICAS caused by atherosclerosis accounts for about 70%?. Carotid
ultrasound examination to evaluate the changes of carotid vascular morphology and blood flow spectrum
can be used as the basis for the identification of the cause of ICAS.

2.1 Atherosclerotic ICAS

Atherosclerotic ICAS is mainly due to the uneven thickening of the intima-media membrane(IMT)
of the internal carotid artery (ICA) and the formation of atherosclerotic plaque, which leads to the
narrowing of the ICA lumen diameter. By inquiring about the history of related risk factors, it is helpful
to determine whether it is atherosclerotic internal carotid artery stenosis. It has been reported that elderly
men, hypertension, coronary heart disease, diabetes, hyperlipidemia, and smoking history are more likely
to develop carotid artery stenosis ®3. Chronic hypertension and hyperlipidemia lead to changes in
vascular wall structure, lipid deposition and plaque formation. Diabetes and smoking can cause vascular
endothelial damage, promote platelet aggregation to form thrombus, and lead to internal carotid artery
stenosis. Statins, while lowering fat, can also stabilize plaques, thereby reducing stroke risk. It has also
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been reported that ankle-brachial index (ABI) <0.9 indicates atherosclerotic stenosis °. Increased Achilles
tendon thickness (ATT) has also been found to be an independent predictor of carotid atherosclerosis '°.

For ICAS in arteriosclerotic patients, inhomogeneous thickening of the IMT and the formation of
atherosclerotic plaques can be observed on ultrasound. The characteristics of atherosclerotic plaques,
including echo, size, surface features, ulcerative plaques, and calcification, are evaluated in two-
dimensional grayscale ultrasonography. Hypoechoic plaque, ulcerative plaque and uneven thickness of
fiber cap on plaque surface are important factors to increase the risk of stroke!! 2, and should be given
some clinical tips. In color Doppler mode, peak blood flow velocity (PSV) is taken from the narrowest
area, at which point the PSV is proportional to the severity of the vessel stenosis. At the same time, it
should be noted that the angle of the Doppler beam and the flow direction should be as parallel as possible,
between 0 and 60°, with close to 0° as the best 1. Accurate measurement of blood flow velocity is helpful
in differentiating the degree of stenosis.

2.2 Non-atherosclerotic ICAS

Non-atherosclerotic ICAS usually occurs in various diseases, such as carotid artery dissection (CAD),
major artery inflammatory disease, and congenital fibromuscular dysplasia(FMD). The two-dimensional
gray-scale ultrasound has typical ultrasonic characteristics, and according to the different ultrasonic
image manifestations and the characteristic related medical history inquiry, the relevant etiological
identification can be made. CAD is a common cause of ICA stenosis in young adults, usually with a
sudden onset and often accompanied by neck pain and a history of neck massage. Two-dimensional gray
scale ultrasound showed that the ICA lumen was divided into true and false two-lumen structures by
endovascular probe and avulsion of the intima linear structure, or that between the endovascular wall and
the media or the media and the outer membrane were filled with mostly low-echo thrombus, resulting in
the formation of intervascular hematomas '*. The typical arterial wall is characterized by diffuse uniform
thickening of the whole wall. Depending on whether the lesion is in the active stage, the incidence of
ICAS is usually more common in young Asian women, accompanied by abnormalities in related
immunological test indicators. Carotid fibromyodysplasia is a congenital disease. The ultrasonography
showed that the inner diameter of ICA was reduced, the echo of the tube wall was enhanced, and the
"beaded" changes of the lumen were seen in some patients. There are also some special factors that lead
to internal carotid artery stenosis, such as the recently reported ICAS due to osseous carotid duct
dysplasia '°.

3. Evaluation of ICAS lesion degree

At present, there are different diagnostic criteria for internal carotid artery stenosis, the main
diagnostic criteria are pipe diameter method and flow rate method, and there is no unified global standard
for evaluation parameters of different methods. The main diagnostic criteria are the North American
Symptomatic carotid endarterectomy test (NASCET) !¢, the European Carotid Surgery Test (ECST) 7
and the CC method'® (see Table 1). The main difference between the three methods is the determination
of the measuring position of the original pipe diameter. ECST method: The degree of stenosis is the ratio
of the residual diameter of the ICA stenosis to the original lumen of the stenosis. NASCET method: The
degree of stenosis is determined by the residual diameter of the ICA stenosis and the distal lumen relative
to the ICA. CC method: The degree of stenosis was determined by the residual diameter of the ICA
stenosis and the proximal common carotid artery (CCA) lumen relative to the ICA. ECST method and
CC method are generally considered to have high sensitivity in clinical practice, but ECST method
usually overestimate the degree of stenosis. There is a good correlation between NASCET method and
ECST method, but ECST method usually leads to overestimation of the degree of stenosis, especially in
ICAS lesions with a stenosis of about 70%, which is only 50% by NASCET method but 70% by ECST
standard'®. The conversion from ECST method to NASCET method can be performed using the formula
NASCET=(ECST-40%)/0.6 2°. The results were evaluated by NASCET and ECST standards, which
improved the accuracy of pipe diameter method in evaluating the degree of stenosis.

The more widely used diagnostic criteria of flow velocity method are mainly from the American
Society of Ultrasound Radiology in 20032, the Australian Society of Ultrasound Medicine in 2006 and
the Department of Ultrasound Diagnosis of Xuanwu Hospital, Capital Medical University in 2006?2. The
study compared the three diagnostic criteria for the assessment of ICAS with high sensitivity and
specificity?, and there are some disputes about the determination of the critical value. A new study in
the United States shows that different critical values of the diagnostic standard flow rate will make a big
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difference in the results ?*. In order to correct the critical flow velocity, some Chinese scholars used
discriminant analysis (Fisher difference method) and principal component analysis to conduct statistical
analysis of the peak flow velocity in the stenosis segment of internal carotid artery, and deduced the
function formula to judge the critical value*>®], supplementing the diagnostic parameters of color
Doppler for internal carotid artery stenosis. Although the study has a high coincidence rate with digital
subtraction angiography (DSA), the practical application is complicated and increases the burden of daily
work. Domestic and foreign scholars also generally believe that when the degree of ICAS is less than
50%, it usually does not cause significant changes in the hemodynamics of adjacent vessels. When the
ICAS degree was greater than 50%, the hemodynamics of the ipsilateral common carotid artery changed,
which mainly showed that the diastolic blood velocity (EDV) decreased, and the resistance index RI on
the affected side was higher than that on the healthy side 2. When the degree of stenosis reaches 70%-
99%, it can be detected that the distal perfusion of ICA decreases, and the blood flow spectrum
morphology changes with low pulsation, and the ratio of applied flow velocity is more accurate %’

Table 1 Three diagnostic criteria of color Doppler flow imaging (CDFI)

ICAS American Society of Ultrasound Australian Society of Ultrasound | Capital Medical University Xuanwu Hospital
degree Radiology standards Standards standard
PSV EDV PSV/PS PSV EDV PSV/PS PSV EDV PSV/PS | PSV/PSV
(cm/s) (cm/s) VCCA (cm/s) (c/s) VCCA (cm/s) (cm/s) VCCA DIS
<50% <125 <40 <2.0 <125 <40 <2.0 <155 <60 <2.0 <1.6
50-69% 125- 40-100 2.0-4.0 125-270 <110 2.0-4.0 155- 60-100 | 2.0-3.5 1.6-3.5
230 220
70-79% 125- 40-100 2.0-4.0 >270 110-140 >4.0 >220 >100 >3.5 >3.5
230
80-99% >230 >100 >4.0 >270 >140 >4.0 >220 >100 >3.5 >3.5

PSV: peak systolic velocity at stenosis; EDV: end-diastolic flow rate; CCA: Common carotid artery

The combined application of different ultrasound techniques can improve the accuracy of diagnosis
of ICAS lesions. According to the expert consensus of the 2003 Association of Ultrasound Radiologists,
all ICA examinations should be performed using grayscale, color Doppler, and spectral Doppler '°. The
internal carotid artery in the extracranial segment is thick, which can visually display the two-
dimensional lumen structure and color blood flow filling effect. At the same time, the combination of
spectral Doppler technology and other indicators such as blood flow velocity is more conducive to
accurate evaluation of the degree of stenosis, especially to improve the diagnostic accuracy of moderate
or above stenosis. Some scholars at home and abroad have isolated two-dimensional ultrasound and
CDFT detection, and the consistency of the classification of stenosis degree between the classification
based on pipe diameter and the classification based on flow rate is only about 60% 2%.The accuracy of
the diagnosis of ICAS degree by themselves was low %°. In most patients with carotid artery stenosis, the
diameter method has a high repeatability, but there are differences due to the difference in the two-
dimensional section evaluated by the examiner. Using the velocity rule alone will be affected by the
difference of hemodynamic factors and there will be errors. Therefore, it is more recommended to
combine the method of tube diameter and blood flow velocity to conduct the final evaluation of ICAS
degree®®, so as to carry out accurate classification and provide effective objective basis for the selection
of clinical treatment plans. In recent years, some scholars have proposed to use three-dimensional energy
Doppler ultrasound technology to evaluate the degree of stenosis of ICAS, and there is no statistical
difference in the consistency of DSA 3. However, the application of 3D energy ultrasound is not realistic
in primary hospitals, and it is relatively time-consuming, and there is no unified diagnostic standard,
which needs further research.

Through the joint detection of the great blood vessels of the neck and the major intracranial arteries
-- the integrated evaluation of the neck and brain, the influence of internal carotid artery stenosis and
intracranial major artery stenosis on intracranial perfusion can be more accurately evaluated, so as to
provide an objective basis for the selection of early clinical treatment. The combined application of
carotid color Doppler and transcranial Doppler ultrasound can evaluate the intracranial hemodynamic
changes and the establishment of collateral circulation caused by carotid artery stenosis, which is
conducive to immediate intervention and prevention of ischemic stroke 32. At the same time, the
integrated cervico-cerebral examination can assist in the diagnosis of the degree of ICAS through the
evaluation of intracranial blood perfusion, in particular, it can effectively reduce the presence of
overestimated lesions mentioned above. The combination of transcranial color Doppler (TCCD) and
transcranial Doppler (TCD) can effectively improve the accuracy of the diagnosis of intracranial internal
carotid artery stenosis. Studies have shown that the sensitivity, specificity and accuracy of TCCD
combined with TCD in the diagnosis of internal carotid artery stenosis are as high as 95% *.Foreign
scholars have also proposed that TCD embolus detection is helpful to evaluate whether ICAS will
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produce TIA-related clinical symptoms 34,

4. Evaluation of the progression of ICAS lesions

Internal carotid artery stenosis is a common vascular disease whose progression can lead to ischemic
stroke, which can seriously affect patients' quality of life. Ultrasound evaluation of the progression of
internal carotid artery stenosis is of great clinical value and can provide a reliable basis for diagnosis and
treatment for clinicians. The methods of ultrasonic evaluation of the progression of internal carotid artery
stenosis include the technical parameters, measurement indexes and evaluation criteria of ultrasound
examination. During the ultrasound procedure, information such as the patient's medical history, physical
examination and laboratory tests is needed to assess the condition more accurately. Specifically,
ultrasound evaluation of the progress of internal carotid artery stenosis mainly includes the following
steps: (1) To determine the diagnostic criteria of internal carotid artery stenosis, such as diameter stenosis
rate, blood flow velocity and other indicators. (2) Choose the right ultrasonic instrument and probe, adjust
the instrument parameters, in order to obtain the best image quality. (3) Internal carotid artery ultrasound
was performed on the patients, and relevant data such as vessel diameter, blood flow velocity, and plaque
nature were recorded. The main indexes of ultrasonic evaluation of the progression of internal carotid
artery stenosis include peak systolic flow rate, spectral Doppler direction, color Doppler flow imaging,
vessel wall thickness, plate thickness, etc. When the internal carotid artery is narrowed, the blood flow
velocity of the blood vessel increases. By measuring the blood flow spectrum of the internal carotid artery,
information about the blood flow velocity and direction can be obtained. Spectral Doppler can show
whether the blood flow speed is normal, but also can show whether the direction of the blood flow is
normal. When the internal carotid artery stenosis worsens, the thickness of the blood vessel wall will also
change. Ultrasound can measure the wall thickness of the internal carotid artery to determine if progress
is occurring. (4) The degree and progression of internal carotid artery stenosis should be evaluated based
on the measured data, and differential diagnosis such as cervical spine disease and intracranial tumors
should be paid attention to. (5) According to the evaluation results, the corresponding treatment plan is
formulated, such as drug therapy, surgical treatment, etc., and the curative effect is evaluated regularly.

In the application of ultrasound to evaluate the progression of internal carotid artery stenosis, several
studies have demonstrated its reliability and effectiveness. For example, a retrospective study based on a
large number of cases showed that ultrasound evaluation of the progression of internal carotid artery
stenosis played an important guiding role in the early diagnosis and prognosis of ischemic stroke *. In
addition, ultrasound evaluation of the progression of internal carotid artery stenosis can help doctors
develop more accurate treatment plans, thereby improving treatment effectiveness and reducing the
incidence of complications. However, there are still some limitations in its application, such as high
experience and technical requirements for operators, and different evaluation standards in different
hospitals and regions. Future research directions should include improving operation technology,
developing more unified evaluation criteria, and carrying out multi-center and large sample research. At
the same time, it is also necessary to pay attention to the application prospects of new ultrasound
technologies such as three-dimensional ultrasound and contrastus-enhanced ultrasound in the evaluation
of internal carotid artery stenosis.

Because of its cheap, safe and repeatable characteristics, ultrasound examination also has high
application value in the evaluation of the progression of ICAS lesions and the treatment effect. Some
scholars have conducted ultrasonic follow-up of 50-69% of patients with carotid artery stenosis (CAS)
for up to 36 months, and found that low-echo plaque and 70-99% contralateral carotid artery stenosis or
occlusion lesions are independent risk factors for plaque progression within 3 years®. It can be seen that
ultrasonic characteristics are another scientific objective basis for evaluating the progression trend of
ICAS in the future. In order to predict the occurrence of cardiovascular and cerebrovascular diseases in
ICAS patients, some foreign scholars have proposed a carotid artery stenosis ultrasonic scoring scale’®
and conducted long-term follow-up, which once again verified the irreplaceable application value of
carotid artery ultrasound in the evaluation of long-term treatment effect and disease progression in ICAS
patients. Recent studies have reported that EDV and peak time (AT) are also independent risk factors for
the progression of ICA stenosis 3’. It is hoped that future prospective studies will be designed to further
validate the control of different risk factors and the influence of different treatment regiments on the
progression of ICAS lesions, so that these indicators can be included in guidelines for prediction and
treatment.
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5. Brief summary

As an examination method recommended in the guidelines for carotid artery stenosis, ultrasound has
the advantages of strong economy, safety and convenience, high repeatability, and comprehensive
evaluation of various indexes. The comprehensive evaluation of the two-dimensional structure and
hemodynamics of the lumen of ICAS by vascular ultrasound technology can provide reference and
objective information for the identification of etiology, the definition of the lesion site, the diagnosis of
the degree of stenosis, and the choice of treatment for clinical ICAS patients. The combined application
of various ultrasound techniques provides a variety of parameters for the assessment of ICAS and its
impact on intracranial blood perfusion, effectively improving the accuracy of diagnosis and better helping
the clinical selection of appropriate treatment methods for personalized diagnosis and treatment.

Ultrasound evaluation of carotid artery stenosis has broad application space in the future. As
ultrasound technology continues to advance, we can expect that the accuracy of ultrasound diagnosis of
carotid artery stenosis will continue to improve. For example, techniques such as high-resolution
ultrasound, three-dimensional ultrasound, and contrastus-enhanced ultrasound can improve the
recognition and classification of carotid artery stenosis and reduce misdiagnosis and missed diagnosis.
At the same time, future ultrasound evaluation of carotid stenosis may be extended to assess the
comprehensiveness of the condition. By measuring the degree of carotid artery stenosis, hemodynamic
characteristics, size and nature of atherosclerotic plaque and other indicators, we can more
comprehensively assess the patient's condition and risk, and provide a more comprehensive clinical
diagnosis and treatment basis. By comparing the results of ultrasound examination before and after
treatment, it can evaluate the treatment effect, detect the progression of disease, guide the adjustment of
treatment plan, and improve the treatment effect and the quality of life of patients. With the continuous
development and popularization of medical technology, ultrasound evaluation of carotid artery stenosis
is expected to be further popularized and remote. For example, through technologies such as telemedicine
and mobile health, remote ultrasound examinations and diagnoses can be easily performed, improving
the coverage and convenience of medical services.

In conclusion, the future development prospect of ultrasound evaluation of carotid artery stenosis is
broad, and it is expected to be further developed and applied in the aspects of accuracy,
comprehensiveness, monitoring treatment effect, non-invasive evaluation and popularization, etc., so as
to provide a more comprehensive, accurate and convenient basis for clinical diagnosis and treatment.
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