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ABSTRACT

Introduction: Carotid atherosclerotic plaques with neovascularisation pose a high risk of rupture, leading to ischemic 
stroke. Contrast-enhanced ultrasound (CEUS) is a novel technique for evaluating neovascularisation in these plaques, 
but its quantitative application in assessing drug efficacy remains limited. This study aimed to quantitatively analyse 
the curative effect of atorvastatin on carotid plaques using the CEUS time-intensity curve. Materials and methods: A 
total of 95 cases of carotid plaques were randomly divided into experimental and control groups, and the subjects 
underwent one year of follow-up observation. CEUS time-intensity curve analysis was used to monitor contrast agent 
perfusion and quantify contrast images. Results: The study group showed significantly lower intima media thickness 
(IMT) values after 12 months than the control group (P < 0.05). The IMT value of the study group after 12 months of 
treatment was significantly lower than before treatment, and the difference was statistically significant (P < 0.05). A 
statistically significant difference in enhancement intensity (EI) values between the two groups was observed both 
after 6 months and 12 months of treatment (P < 0.05); the research group was significantly lower than the control 
group. Furthermore, EI values were significantly lower in the study group after 6 and 12 months of treatment (P < 
0.05). Conclusion: In conclusion, CEUS and time-intensity curve analysis can be used to assess drug effects (atorvas-
tatin) intervention in treating unstable carotid plaques.
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INTRODUCTION

The worldwide prevalence of stroke continues to be a 
cause for concern, representing a significant threat to 
individuals’ health and lives due to its heightened rates of 
disability and mortality. Traditional research has mainly 
concentrated on carotid artery lumen stenosis and 
ischemic symptoms as risk factors for ischemic stroke. 
However, recent studies have brought attention to the 
inherent properties of carotid atherosclerotic plaques, 
particularly their stability and their relationship to 
ischemic stroke. It has been reported that approximately 
25% to 50% of strokes are linked to the destabilisation 
of shedding plaques (1). The detachment and rupture 
of unstable carotid plaques leading to arterial lumen 
thrombosis represent one of the primary mechanisms 

underlying cerebral ischemic events.

Statins play a role in stabilising atherosclerotic plaques 
and preventing their rupture, bleeding, and thrombus 
formation through a multifaceted approach. This 
includes lowering low-density lipoprotein cholesterol 
levels, enhancing endothelial function, exerting anti-
thrombotic effects, and inhibiting vascular inflammation. 
Notably, statins exhibit variations in pharmacokinetics 
and pharmacodynamics, with rosuvastatin and 
atorvastatin recognised as the most effective options 
(2). Among these, the atorvastatin calcium tablet 
emerges as a representative statin medication with 
anti-atherosclerosis properties. It improves vascular 
endothelial function, inhibits angiogenesis within 
plaques, combats oxidative stress, and offers anti-
infection capabilities. These combined actions 
effectively stabilise vulnerable plaques, preventing 
thrombus formation and retarding the progression of 
atherosclerosis. Notably, atorvastatin is characterised by 
its low toxicity, excellent safety profile, rapid onset of 
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action, and long-lasting efficacy, making it a valuable 
and reliable choice in cardiovascular management.

The formation of new blood vessels within a plaque 
represents a high-risk factor for rupture. It potentially 
leads to bleeding, with pathological neovascularisation 
being a primary factor of plaque instability. Early 
and precise carotid atherosclerotic plaque stability 
assessment is crucial before cerebrovascular events 
occur. This assessment is a valuable guide for 
clinicians in determining whether drug therapy or 
surgical intervention is necessary to manage carotid 
atherosclerotic plaques effectively and prevent 
cerebrovascular events such as strokes. 

The primary approach for detecting carotid plaques 
involves definitive imaging techniques. Efficient and 
accurate identification of unstable carotid plaques 
is crucial for guiding clinical diagnosis and treatment 
and evaluating treatment outcomes. However, the 
specificity of traditional ultrasonography in diagnosing 
the effectiveness of atorvastatin therapy for carotid 
plaques is relatively low. Visual assessment of internal 
plaque characteristics, including plaque size and growth 
patterns, is subjective and vulnerable to examiner errors. 
Additionally, assessing neovascular perfusion within the 
plaque is suboptimal, lacking an effective quantitative 
method for evaluating the treatment’s efficacy. This 
limitation hinders clinicians from comprehending the 
distribution of new blood vessels within the plaque 
before treatment and how they alter after treatment.

The use of carotid artery contrast-enhanced 
ultrasound  (CEUS) imaging to determine intraplaque 
neovascularisation is recommended by the European 
Federation of Societies for Ultrasound in Medicine 
and Biology (EFSUMB) non-hepatic CEUS clinical 
practise guidelines (3). CEUS is performed by injecting 
contrast agent SonoVue (Bracco Suisse SA, Milan, Italy) 
intravenously. With the mean bubble diameter of 2-11 
μm, it is comparable to the size of a red blood cell, 
so it is also called a “blood pool contrast agent.” The 
application of contrast agents can detect micro-vessels 
with a diameter of less than 100 μm. The remarkable 
feature of SonoVue is its ability to display high-resolution 
micro-circulation blood perfusion of the tissue. In the 
state of the low mechanical index, the microbubbles 
can repeatedly reflect acoustic waves without alteration, 
allowing for continuous real-time imaging. The small 
size of the microbubble contrast agent restricts them 
from passing through the endothelium. Therefore, the 
SonoVue contrast agents are exclusively intravascular 
and act as a “vascular tracer,” allowing CEUS to obtain 
angiographic-like images. CEUS can clearly show the 
thickness of the intima-media in the carotid artery, detect 
the thickening of the intima-media, and find the plaque 
missed in the diagnosis of two-dimensional (2D) or 
colour ultrasound, especially some hypoechoic plaques, 

which clearly outline the hardened plaque. CEUS can 
also reflect the blood perfusion of the neovascular 
through the degree of contrast enhancement in carotid 
atherosclerotic plaque, analyse the relationship between 
the density of neovascular enhancement in plaque and 
clinical symptoms, and more comprehensively evaluate 
the stability of plaque. However, the specific changes in 
plaque after atorvastatin treatment need to be identified 
quantitatively for clinical application.

In this study, CEUS were used to characterise carotid 
atherosclerotic plaque neovascularisation based on 
contrast images. The changes after atorvastatin treatment 
of carotid atherosclerotic plaques were explored in 
quantitative parameters based on CEUS. The efficacy of 
atorvastatin in treating carotid plaques was evaluated in 
quantitative parameters based on CEUS.

Methods for evaluating carotid plaque include routine 
ultrasound, magnetic resonance imaging (MRI), 
computed tomography angiography (CTA), and digital 
subtraction angiography (DSA). Although DSA is 
considered the “gold standard,” it is invasive, expensive, 
and irradiated, limiting its application in plaque 
evaluation. CTA can provide intuitive images through 
three-dimensional reconstruction technology and is 
sensitive to intra-plaque calcification, but it cannot 
observe neovascularisation within the plaque and 
carries risks of radiation damage and allergic reactions. 

MRI is time-consuming and highly susceptible to 
respiratory and motion artefacts, and high-resolution 
magnetic resonance imaging (HRMRI) is costly, time-
consuming, unsuitable for follow-up, and not suitable 
for patients with indwelling metal implants. Routine 
ultrasound examination is preferred for the initial 
evaluation of carotid plaque, allowing assessment of 
carotid stenosis and plaque composition and surface 
morphology based on echo and morphology. However, 
it cannot evaluate micro-vessels within the plaque. 
Conventional ultrasound diagnosis mainly involves 
visual plaque internal characteristics, such as plaque size, 
growth site, and quantity, but it has inherent subjectivity 
and low specificity among different examiners. 
Neovascular perfusion detection in the plaque is 
suboptimal, and it cannot assess micro-vessels within 
the plaque, lacking practical quantitative evaluation of 
drug treatment efficacy for plaque. Clinicians cannot 
determine the distribution of new blood vessels in the 
plaque before and after treatment. 

As imaging techniques for detecting vulnerable plaques 
improve, research on CEUS has shown promising 
results in detecting intra-plaque neovascularisation. 
The consensus on diagnosis and treatment of cerebral 
and carotid atherosclerosis in China recommends 
controlling risk factors and using statins for treatment in 
patients with carotid plaques, irrespective of symptoms 



3Mal J Med Health Sci 20(SUPP8): 1-9, Oct 2024

or lipid abnormalities (4).

MATERIALS AND METHODS 

Participant recruitment
The study subjects were 71 individuals with carotid 
atherosclerotic plaques (95 plaques), diagnosed and 
treated at Yichang Second People’s Hospital in Hubei, 
China, between May 2022 and June 2023. Among 71 
individuals, there were 13 patients with diabetes, 14 
patients with coronary heart disease, 30 patients with 
hypertension, and 39 patients with a history of smoking, 
aged between 30 and 70. Treatment typically involves 
controlling hypertension, diabetes, dyslipidemia, 
smoking, drinking, and other related risk factors. For 
those with unstable carotid artery plaques or plaques 
with more than 50% stenosis without symptoms of 
ischemic stroke, statins were recommended according to 
the Consensus on Diagnosis and Treatment of Cerebral 
and Carotid Atherosclerosis in China (4). They consisted 
of 29 women and 42 men.

Subjects were recruited according to the following 
inclusion and exclusion criteria. Inclusion requirements 
included 1) Those above the age of 30 and 2) Those 
with carotid atherosclerotic plaque development with 
a thickness of more than 1.2 mm as determined by 
ultrasonography. The following patients were excluded 
from the study: 1) those who had used statin medications 
within the previous three months; 2) those who had 
complete occlusion of the common carotid artery or 
occlusion of the internal carotid artery; 3) those who 
had heart, kidney, or lung insufficiency; 4) those who 
were allergic to ultrasound contrast agents, including 
those with known allergies to albumin or standard 
ultrasonography contrast medium, typically experienced 
non-serious, transient adverse reactions such as 
headache, injection site reaction, and nausea; 5) those 
with psychiatric disorders who cannot complete the 
study; and 6) those who were pregnant or breastfeeding. 

The experimental group and the control group were 
given random assignments of subjects. The control group 
received standard medical care for 12 months, which 
included typical dietary and activity modifications and 
therapies to decrease blood pressure and blood glucose. 
Whereas the experimental group was given atorvastatin 
calcium pills (manufacturer: Pfizer Pharmaceutical Co., 
Ltd, specification: 10mg*7 tablets, Chinese medicine 
approval: H20051407); the pills were taken orally every 
day after supper for 12 months, based on standard 
treatment. This dosage of the drug was chosen based on 
the previous research finding which proves that 20 mg 
of atorvastatin per day is generally safe to be consumed. 
However, certain Chinese individuals had high drug 
sensitivity towards atorvastatin and considering the 
safety concerns for elderly subjects, a dosage of 10 mg 
atorvastatin was chosen for this study. CEUS was used to 
characterise and analyse the findings of the experiments. 

All subjects got follow-up monitoring for a year.

The Yichang Second People’s Hospital Research Ethics 
Committee in Hubei, China, approved this study. 
Each subject was informed of inspection contents and 
precautions and signed an informed individual consent 
form for a contrast-enhanced ultrasound prior to the test. 
The research protocol was designed in accordance with 
the principles of the Helsinki Declaration. 

CEUS imaging
The contrast-enhanced imaging was performed using 
Aplio 500 ultrasound system (Toshiba, Canon Medical 
Systems Corporation, Tokyo, Japan). A high-frequency 
linear probe which transmits frequencies between 4 - 
11 MHz was used. The other setting was as follows: 
mechanical index: 0.08, frame frequency: 12 frames/
second, depth: 3 – 5 cm. All imaging parameters were 
fixed constant for all patients.

During the examination, all subjects lay in the supine 
position, turned their heads 45 degrees contralaterally 
and fully exposed their necks. For every subject, 
bilateral carotid arteries were examined for the presence 
of plaques. Images were collected using the consensus 
scanning method recommended by the American 
Society of Echocardiography (4). The left and right 
carotid arteries were both detected. The two-dimensional 
standard ultrasonography, colour Doppler and spectral 
characteristics of the bilateral common carotid arteries 
were detected. Subsequently, three images with clear 
echoes of plaques were recorded. The carotid intima-
media thickness (IMT) and the length of the carotid 
artery plaque were measured. The measurement was 
taken as the average of three measurements that have 
been performed for each patient.

The contrast agent utilised was SonoVue (Bracco Suisse 
SA, Milan, Italy), a freeze-dried powder. Each container 
had 25 mg of freeze-dried powder and 59 mg of SF6 
(sulphur hexafluoride) gas. 5 ml of regular saline, and 
the contrast agent powder were combined to create 
a suspension liquid. Using an 18-gauge intravenous 
cannula, 2.4 ml of the suspension was then aspirated 
and injected into the patient’s body through the median 
cubital vein in 2 to 3 seconds. The injection route was 
then flushed with 5 ml of regular saline. Within 15 to 30 
seconds of the injection, the contrast effect could be seen 
within the carotid artery lumen. High-quality contrast 
images could be captured with both cross-sections and 
longitudinal sections and preserved for roughly a minute 
after the contrast agent was administered.

After the contrast effects had been seen in the CCA origin 
at the root of the neck, the dual-screen contrast mode 
of two-dimensional ultrasound and CEUS was used to 
continually record cine loops of the region of interest 
for 10 to 60 seconds. Digital recording of the dynamic 
sequence at the carotid bifurcation began upon contrast 
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as study subjects. Enrolment criteria were based on the 
echogenicity of plaques. Because calcified plagues with 
calcifications involving greater than 30% of plaque 
area are excluded. Local deep structures are difficult to 
observe as the plaque is blocked by the sound shadow 
in them, making it difficult to be analysed by the TIC 
quantitative assessment. 

During quantitative analysis, a stable continuous 
dynamic image was firstly selected and then followed 
by selection of suitable area to outline the region of 
interest (ROI). One was placed within the plaque as the 
ROI for evaluation, and the other was placed within 
the lumen as the corresponding region (reference area). 
Then, the two ROIs were matched and the boundary of 
the plaque were traced according to the shape of the 
plaque to avoid covering areas outside the ROI. 

While tracing the ROI, when there is a strong echo area 
displayed by the two-dimensional image in the plaque, 
covering areas with strong echoes were avoided to 
avoid errors. The reason for avoiding strong echo areas 
within the plaque during CEUS quantitative analysis 
is to ensure accuracy. Placing ROIs over these areas 
could lead to errors in measurements or interpretations, 
necessitating their exclusion for precise quantification, 
as the same in the study of Wang (6).

The analysis software was started and the TIC of 
the evaluation area within the plaque, that is, the 
area of interest (intraplaque) and the reference area 
(intraluminal) were automatically calculated. The 
main quantitative analysis parameters of TIC were the 
peak intensity (PI), baseline intensity (BI), and plaque 
enhancement intensity (EI) = PI - BI. The EI parameter 
measures the SonoVue intravascular tracer’s intensity 
variations between pre- and post-injections within 
the plaque ROI. The EI is related to the total number 
of microbubbles entering the micro vessel bed. The 
number of microbubbles entering correlates with the 
blood flow in the plaque tissue. Therefore, the EI can 
accurately reflect the density of micro-vessels in the 
plaque to a certain extent. The maximum PI is the peak 
concentration of the contrast agent in the plaque.

Statistical Analysis
Statistical software SPSS 22.0 (IBM, USA) was used for 
data analysis. Measurement data were expressed as 
mean ± standard deviation. Two independent sample 
t-tests or analysis of variance were used for comparison 
between groups; otherwise, the median (interquartile 
range) was used for comparison between groups; count 
data expressed as the number of cases (percentage); chi-
square test was performed. Repeated measures analysis 
of variance was used to test the impact of group and 
time effects on various indicators. When the data did 
not meet the sphericity assumption, Greenhaus-Gessler 
correction was used. When there was an interaction 
effect between the group and time, a separate effect 

reaching the carotid bifurcation. Neovascularisation 
was assessed by summing the microbubble signals. 
Video clips in longitudinal and transverse directions 
were saved for subsequent analysis. For evaluation, 
one plaque per side of the stenosis was selected, and 
the largest hypoechoic plaque was chosen for multiple 
plaques. Neovascularisation was defined as marked 
enhancement of the arterial lumen with fast-moving, 
point-like, or linear echogenicity within the plaque. 
All the CEUS examinations were performed by two 
doctors with expertise in ultrasound imaging. The 
examiners were blinded folded to the subjects’ medical 
histories and the quantitative data were independently 
analysed. Any disagreements between the two parties 
were resolved by discussion. The images were digitally 
archived for offline assessment in a DICOM (Digital 
Imaging and Communications in Medicine) format. 
If multiple regions of interest were seen in the same 
patient, the time between the second CEUS should be 
at least 15 minutes.

The quantitative analysis software, specifically the 
Time Curve analysis (TCA) function equipped with the 
ultrasound instrument, was used to generate a time-
intensity curve (TIC). Before being allowed to leave, 
subjects were watched for 30 minutes in case any 
complications developed. Following the intervention, 
the CEUS assessment indicated above was repeated 
six and twelve months later, respectively. CEUS was 
performed on the same plaque of the subject, which 
was found at the same site as before. The results of each 
subject’s previous assessment were reviewed before 
the re-examination to confirm that the plaques being 
examined were the same plaques that had previously 
been analysed. 

Observation indicators
According to the Chinese Stroke Vascular and Ultrasound 
Guidelines (5), variations in plaque composition lead to 
differences in the absorption and reflection of sound 
waves affecting the imaging characteristics of the plaque. 
Plaque echogenicity assessment can be compared with 
the vessel wall structure and classification is based on the 
discrepancy in echo intensity between plaque echo and 
blood vessel wall : (a) soft plaques, with echogenicity less 
than surrounding adventitia for over 80% of plaque area 
without acoustic shadowing; (b) hard plaques, without 
acoustic shadowing, with echogenicity more than or 
equal to that of the adjacent adventitia over more than 
80% of the plaque area; (c) calcified plaques, showed 
bright echoes and acoustic shadowing, with more than 
90% circumferential calcification or (d) Mixed plaques, 
with less than 90% circumferential calcification or with 
echo-dense and anechoic regions occupying less than 
80% of the plaque area.

In this study, patients diagnosed with carotid ultrasound 
clinically in the outpatient and inpatient units at Yichang 
Second People’s Hospital, Hubei, China, were selected 
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analysis was performed. Main effects analysis was 
performed when no interaction effects existed. P<0.05 
was considered as a statistically significant difference.

RESULTS

The research involved 71 subjects with one-year follow-
up observation consisting of a total of 95 carotid plaques 
with 51 and 44 in experimental and control respectively. 
There were no statistically significant differences in 
gender, age, disease course and other basic information 
between the two groups (P > 0.05).

Table I illustrates the differences in carotid IMT values 
between the two groups before and after treatment. 
This study found no significant difference in IMT values 
between the two groups before and after 6 months of 
therapy (P > 0.05). However, a statistically significant 
difference in IMT values between the two groups 
emerged after 12 months of treatment (P < 0.001). 
Notably, the study group exhibited significantly lower 
IMT values than the control group.

Table V shows the differences in EI values of the 
experimental group at different observation time points. 
After 6 and 12 months of treatment, the EI values of the 
study group were much lower than they had been before 
the treatment; this difference was statistically significant 
(P < 0.05). 

Table I: Differences in IMT values between the two groups 
at different time points 

Groups Before 
treatment

6 months 
treatment

12 months 
treatment

Experimental 
group (n = 51)

1.18±0.33 1.15±0.38 1.04±0.32

Control group 
(n = 44)

1.21±0.38 1.27±0.35 1.43±0.43

t -0.552 -1.592 -4.951

P 0.582 0.115 <0.001

Table II shows the IMT value of the study group after 12 
months of treatment was significantly lower than before 
treatment, and the difference was statistically significant 
(P < 0.05). 

Table II: Differences of IMT values of the experimental 
group at different observation time points

Parameters Observation periods

Before 
treatment 

till 6 months 
treatment

Before treatment 
till 12 months 

treatment

6 months 
treatment till 
12 months 
treatment

IMT 0.02±0.49 0.13±0.44 0.11±0.46

t 0.292 2.107 1.697

P 0.772 0.040 0.096
Abbreviation: IMT, intima-media thickness

Table III shows the IMT value of the control group 
after 12 months of treatment was significantly higher 
than before and after 6 months of treatment, and the 
difference was statistically significant (P < 0.05).

Table III: Differences of IMT values of the control group at 
different observation time points

Parameters Observation periods

Before treatment 
till 6 months 

treatment

Before 
treatment till 
12 months 
treatment

6 months 
treatment till 
12 months 
treatment

IMT -0.06±0.57 -0.22±0.65 -0.16±0.5

t -0.703 -2.221 -2.094

P 0.486 0.032 0.042

Table IV presents the variations in enhancement intensity 
(EI) values between the two groups before treatment, 
after 6 months, and after 12 months of treatment. This 
study found no statistically significant difference in EI 
values between the two groups before treatment (P > 
0.05). However, a statistically significant difference in EI 
values between the two groups was observed both after 
6 months and 12 months of treatment (P < 0.05); the 
research group was significantly lower than the control 
group. 

Table IV: Differences in EI values between the two groups at 
different time points

Groups Before 
treatment

6 months 
treatment

12 months 
treatment

Experimental 
group (n = 51)

11.84±3.07 9.62±2.13 8.97±1.95

Control group 
(n = 44)

12.25±3.39 13.02±2.75 15.95±2.28

t -0.604 -6.782 -16.099

P 0.547 <0.001 <0.001

Table VI shows the different EI values of the control 
group at different observation time points. After 12 
months of treatment, the EI value of the control group 

Table V: Differences of EI values of the experimental group 
at different observation time points

Parameters Observation periods

Before 
treatment 

till 6 months 
treatment

Before treat-
ment till 12 

months treat-
ment

6 months 
treatment till 
12 months 
treatment

EI 2.23±3.74 2.87±3.97 0.64±3.04

t 4.258 5.165 1.503

P <.001 <.001 0.139

Abbreviation: EI, enhancement intensity
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Statins are currently the primary medications employed 
in clinical practice to stabilise carotid plaques. These 
medications operate through several key mechanisms 
of action. First, they competitively inhibit HMG-CoA 
reductase, which serves as the rate-limiting enzyme 
in cholesterol synthesis. This inhibition leads to a 
reduction in cholesterol production, thereby addressing 
a fundamental factor in plaque formation. Secondly, 
statins exhibit anti-inflammatory effects, which impede 
the deposition of lipids and the accumulation of 
inflammatory factors beneath damaged endothelium. 
Third, they possess antiplatelet properties that inhibit 
platelet aggregation, reducing the risk of thrombosis 
within plaques. Lastly, statins enhance vascular 
endothelial function, contributing to overall vascular 
protection (17). A longitudinal study of 1,740 patients 
found that high-dose statins transformed vulnerable 
carotid plaques with a lipid core into more stable 
calcified plaques (18). 

As an emerging technology, CEUS is better than 
conventional ultrasound in judging the rate of carotid 
artery stenosis. It performs better in evaluating the 
nature of plaque and intraplaque neovascularisation. 
The stability of atherosclerotic plaques is related to the 
formation of new blood vessels within the plaques (19) 
After the formation of unstable plaques, an inflammatory 
reaction occurs inside them, which is often rich in lipid 
core and many inflammatory cells. These cells have the 
capacity to release a variety of growth factors, including 
vascular endothelial growth factor (VEGF) and fibroblast 
Growth factors (FGF), thus resulting in angiogenesis. 
However, these new blood vessels are pathological and 
can easily rupture under external conditions, causing 
bleeding, plaque rupture, and ischemic stroke.

The microbubbles of the contrast agent in CEUS can 
spread throughout the body with the blood flow, so 
the status of new blood vessels in the plaque can be 
dynamically observed, and the microbubbles do not 
penetrate the vascular endothelium but only exist in 
the blood vessels. When microbubbles are detected 
in the plaque, it can be judged that new blood vessels 
have been generated, and thus, the nature of the plaque 
can be evaluated. Because the main components 
inside the plaque are different, the echoes reflected by 
conventional ultrasound are also different. Therefore, 
conventional carotid ultrasound can judge the stability 
of the plaque based on the echoes of the plaque, which 
has a certain reference value. It cannot present the 
histological features inside the plaque, and its ability to 
identify the components in the plaque is poor, so it can 
only be used for primary screening, which requires more 
new technologies for further identification of plaque 
stability to guide clinical medication. 

Contrast-enhanced carotid artery ultrasound has a higher 
sensitivity than conventional ultrasound in detecting 
plaque ulcers, up to 88% (20), which increases the 

was statistically different from that before treatment 
and after 6 months of treatment, and the difference was 
statistically significant (P < 0.05).

Table VI: Differences in EI values of the control group at 
different observation time points

Parameters Observation periods

Before 
treatment 

till 6 months 
treatment

Before treat-
ment till 12 

months treat-
ment

6 months 
treatment till 
12 months 
treatment

EI -0.77±4.58 -3.7±4.07 -2.93±3.35

t -1.115 -6.032 -5.802

P 0.271 <.001 <.001

DISCUSSION

Stroke has grown to be a major public health issue (7). 
According to the statistics analysis, 200 million people 
in China have carotid artery plaques and roughly 270 
million have carotid atherosclerosis (8). Hemodynamic 
alterations brought on by carotid atherosclerosis may 
result in artery wall damage, lipid accumulation, and 
inflammatory cell infiltration. This process eventually 
results in plaque formation, which raises the risk of an 
ischemic stroke (9). A higher risk of ischemic stroke (IS) 
and transient ischemic attack (TIA) is directly correlated 
with vulnerable plaque, also known as unstable 
plaque (10). Notably, 20–30% of all ischemic strokes 
are caused by thrombo-embolism that originates from 
unstable carotid plaques (11). Research conducted by 
(12) has shown that the growth of new blood vessels 
within atherosclerotic plaque increases plaque volume 
and decreases the blood vessel wall’s ability to diffuse 
oxygen. In turn, this quickens the growth of new blood 
vessels and ultimately causes plaque detachment, which 
causes symptomatic cerebrovascular illness. Therefore, 
stabilising plaques and preventing the development of 
new blood vessels within plaques are essential treatment 
methods to prevent cerebrovascular accidents. Imaging 
methods are frequently used to detect and analyse 
plaque due to the lack of appropriate biomarkers for 
detecting plaque instability.

Vulnerable plaques have been described in various 
histologic types, as confirmed through autopsy studies 
(13). These plaques exhibit characteristics such as 
inflammation, lipid deposition, apoptosis, matrix 
proteolysis, thrombosis, and angiogenesis. According 
to (14), vulnerable plaques are atherosclerotic plaques 
that are initially non-occlusive and asymptomatic 
before suddenly becoming occlusive and symptomatic. 
According to (15), the histological characteristics of 
susceptible plaques include a large, lipid-rich necrotic 
core, thin-cap fibrous atherosclerosis, intraplaque 
haemorrhage, and intraplaque neovascularisation (IPN). 
IPN is considered the most significant independent 
predictor of plaque rupture among these characteristics, 
as shown in the previous study (16).
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detection rate of unstable plaques to a certain extent, 
enables early diagnosis of vulnerable plaques, and better 
guides clinical treatment. Recent research suggested 
(21) that CEUS and 3D arterial analysis may provide a 
powerful new clinical tool to identify and stratify “at-
risk” patients with atherosclerotic carotid artery disease, 
identifying vulnerable plaques.

IMT can reflect the degree of atherosclerosis objectively 
and is one indicator for predicting cardiovascular 
and cerebrovascular events (22) In our study, after 12 
months of treatment, there was a statistically significant 
difference in IMT levels between the two groups. Notably, 
the study group had IMT levels that were noticeably 
lower than those of the control group. It is suggested 
that atorvastatin calcium can significantly inhibit the 
progression of atherosclerotic plaques after treatment 
and has the effect of shrinking atherosclerotic plaques, 
thereby reducing the occurrence of cardiovascular and 
cerebrovascular disease events. Our result is consistent 
with a previous study (23), which showed that early 
aggressive lipid-lowering therapy by atorvastatin for 
6 months significantly reduced the plaque volume in 
patients with acute coronary syndrome.

In our study, before therapy, there was no significant 
difference between the two groups’ EI values (P=0.547). 
Respectively, after 6 and 12 months of treatment, the 
difference in EI value between the two groups was 
statistically significant (P<0.05), and the study group was 
significantly lower than the control group (P<0.001). 
After 6 and 12 months of treatment, the EI values of 
the study group were much lower than they had been 
before the treatment; this difference was statistically 
significant (P<0.05). After 12 months of treatment, the EI 
value of the control group was statistically different from 
that before treatment and after 6 months of treatment, 
and the difference was statistically significant (P<0.05).

It is suggested that atorvastatin calcium can significantly 
inhibit the progression of atherosclerotic plaques after 
treatment. Additionally, it has the effect of reducing 
carotid artery IMT, thereby lowering the occurrence 
of cardiovascular and cerebrovascular disease events. 
Our studies have found that the new blood vessels 
displayed by CEUS may better and earlier reflect the 
changes in atherosclerotic plaques after treatment than 
IMT. A recent systematic review and meta-analysis (24) 
shows that quantitative CEUS analysis appeared to be 
more sensitive and reliable in assessing carotid plaques, 
which is consistent with this study.

Moreover, one possible reason for the difference in EI 
values between the control group before and after 6 
months of treatment could be attributed to the diverse 
characteristics of the patient population. This diversity 
may stem from the unique healthcare setup in our region, 
where our hospital serves as the sole geriatric facility and 
hosts the only chest pain and stroke centres in the city. 

The patient demographic primarily comprises middle-
aged and elderly individuals, with a significant portion 
having a history of high blood pressure and smoking. 
Consequently, the effectiveness of conventional 
treatment alone may be limited in this population. 
However, the research group received additional 
medication in conjunction with standard treatment, 
highlighting the role of atorvastatin in stabilising plaques 
as an effective anti-atherosclerotic agent.

The new blood vessels in the plaque begin to subside 
after treatment of 6 months before the IMT changes after 
treatment of 12 months. As research into intraplaque 
neovascularisation becomes more comprehensive, it is 
poised to become a more sensitive and important indicator 
for monitoring the effectiveness of atherosclerosis 
treatment in addition to carotid IMT. The results of this 
study also showed that compared with the same group 
after 6 months of treatment, the EI value of the carotid 
artery in the study group did not change significantly after 
12 months of treatment (P > 0.05), suggesting that after 
the number of blood vessels in carotid atherosclerotic 
plaques is reduced to a certain extent, the number of 
blood vessels does not further reduce or even disappear. 
It also suggested that with the extension of the course 
of treatment, atorvastatin calcium can effectively delay 
the formation and progression of carotid atherosclerotic 
plaques, but it cannot completely reverse the nature of 
carotid atherosclerotic plaques.
 
CONCLUSION

Atorvastatin calcium tablets can effectively reduce 
new blood vessels in carotid soft plaques, thereby 
inhibiting the progression of atherosclerotic plaques. 
The quantitative parameters of the time-intensity curve 
of contrast-enhanced ultrasound are sensitive indicators 
for evaluating the formation of new blood vessels 
in plaques. CEUS can provide a reliable reference 
standard for clinical practice and can be used to assess 
the effects of drug intervention. The treatment effect 
of carotid atherosclerotic plaque can more objectively 
predict cerebrovascular events and evaluate the risk of 
cerebrovascular events.
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