
https://doi.org/10.1177/17562864211023992 
https://doi.org/10.1177/17562864211023992

Therapeutic Advances in Neurological Disorders

journals.sagepub.com/home/tan	 1

Ther Adv Neurol Disord

2021, Vol. 14: 1–12

DOI: 10.1177/ 
17562864211023992

© The Author(s), 2021.  
Article reuse guidelines:  
sagepub.com/journals-
permissions

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License  
(https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission 
provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

Introduction
Stroke is a leading cause of disability and mortal-
ity among adults worldwide.1 Approximately 80% 
of strokes are ischaemic, and 10–25% are caused 
by arterial atherosclerosis, with vulnerable plaques 
in the carotid being the frequently involved 

ones.2,3 Intraplaque neovascularisation is a hall-
mark of plaque vulnerability, and vulnerable 
plaque inclines towards haemorrhage and rup-
ture. This often leads to a thrombus and subse-
quent distal embolism, thus causing ischaemic 
stroke.2,4,5 Such lesions are diffused and systemic, 
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Abstract
Background: Intraplaque neovascularisation (IPN) increases the vulnerability of plaques, 
which makes them more likely to rupture and increases the risk of vascular events. 
However, it is unclear whether IPN can predict future vascular events (stroke recurrence and 
cardiovascular events). Previous studies on IPN have focused on patients with severe stenosis 
but overlooked patients with mild and moderate stenosis. This study aimed to investigate 
whether IPN assessed by contrast-enhanced ultrasonography (CEUS) in patients with mild and 
moderate degrees of stenosis is associated with future vascular events.
Methods: One hundred and twenty-one patients participated in this study. 76 patients who 
met the inclusion and exclusion criteria were included in the final dataset of the study. IPN 
was graded from 0 to 2 according to the extent of the microbubbles assessed using CEUS. 
The degree of carotid stenosis was graded as mild, moderate, or severe. We recorded future 
vascular events during the follow-up. Univariate and multivariate logistic regression analyses 
were used to evaluate risk factors for future vascular events.
Results: After a follow-up period of 30 ± 6 months, 30 patients (39.5%) experienced 
subsequent vascular events. Compared with the ‘non-recurrent’ group, the ‘recurrent’ group 
showed a higher proportion of grade 2 neovascularisation (p < 0.05), and it was an independent 
predictor of subsequent vascular events (odds ratio 6.066, 95% confidence interval 1.565–
23.512, p < 0.05). Furthermore, in patients with mild and moderate stenosis, future vascular 
events occurred in an unexpectedly high proportion (up to 42.9%). In the ‘recurrent’ group, 
55% of patients with mild and moderate stenosis had grade 2 neovascularisation.
Conclusion: IPN by CEUS was an independent predictor of future vascular events in patients 
with recent ischemic stroke, and the high proportion of neovascularisation in patients with 
mild and moderate stenosis requires more attention.
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have a common pathogenesis, and simultaneously 
affect multiple circulatory regions. Patients with 
recent ischaemic events have an increased risk of 
stroke recurrence or a high proportion of cardiac 
events.6,7

Contrast-enhanced ultrasonography (CEUS) is a 
non-invasive technique for visualising intraplaque 
neovascularisation and identifying plaque vulner-
ability in symptomatic and asymptomatic 
patients.8,9 The degree of enhancement of intra-
plaque neovascularisation is related to cardiovas-
cular and cerebrovascular events.10–12 Some 
studies reported that intraplaque neovascularisa-
tion assessed by CEUS correlates significantly 
with histopathological findings of the same 
lesions. Moreover, the enhancement of intra-
plaque neovascularisation, which was assessed 
using CEUS, was consistent with the density of 
plaque neovascularisation, which was detected by 
immunohistochemistry, in patients with severe 
carotid stenosis undergoing endarterectomy.13–15 
However, only few studies have focused on intra-
plaque neovascularisation in patients with mild 
and moderate stenosis and future vascular events.

Therefore, in this prospective study, we aimed to 
investigate the relationship between carotid intra-
plaque neovascularisation assessed by CEUS and 
future vascular events (stroke recurrence and car-
diovascular events) in patients with mild and 
moderate stenosis.

Patients and methods

Study population
In total, 121 patients were prospectively recruited 
at the First Hospital of Jilin University between 
December 2015 and March 2018. Patients older 
than 50 years of age with no prior history of coro-
nary disease and a recent ischaemic stroke within 
the last month with at least one atherosclerotic 
carotid plaque in the ipsilateral region were 
included in the study. The exclusion criteria were 
as follows: (1) <50 years of age; (2) prior cardi-
oembolic or haemodynamic stroke/transient 
ischaemic attack (TIA) or stroke mimics; (3) the 
presence of calcified plaques; (4) carotid revascu-
larisation before the CEUS examination; (5) 
patients with isolated posterior circulation 
infarcts; (6) severe infections, tumours, hepatore-
nal failure, or respiratory failure; and (7) patients 
lost to follow-up.

Imaging protocol

Standard carotid ultrasound study
All standard ultrasonography (US) examinations 
of both carotid systems were performed using an 
Aplio500 Ultrasound Machine (Toshiba, Tokyo, 
Japan) and a linear probe (4–11 MHz) by an 
experienced examiner (10 years of experience; 
CY). The common carotid artery, carotid bifur-
cation and internal carotid arteries were exam-
ined in the longitudinal and transverse planes. 
Subjects were asked to lie supine, with their head 
rotated approximately 30–40° away from the side 
being examined. According to the Gray–Weale 
classification system, plaque echogenicity was 
classified as follows: type I: uniformly hypoechoic; 
type II: predominantly hypoechoic; type III: pre-
dominantly hyperechoic; type IV: uniformly 
hyperechoic; and type V: calcified.16 According to 
the degree of stenosis as defined by NASCET, 
carotid stenosis was divided into mild (<50%), 
moderate (50–69%) or severe (⩾70%).17

When observing the plaques, the size, location, 
intraplaque echogenicity and degree of carotid 
stenosis were recorded. If the patient had more 
than one plaque, then the thickest plaque was 
selected as the target plaque.

CEUS of the carotid artery
We generally performed CEUS examination within 
1 week after the patient was admitted to our hospi-
tal. Carotid intraplaque neovascularisation was 
assessed by CEUS, with the same machine as that 
used for the standard carotid US examination. An 
experienced examiner (10 years of experience; CY) 
performed the examinations with a linear probe 
(5–8 MHz), and the gain was suitably adjusted to 
achieve optimal microbubble visualisation. The 
mechanical index was maintained at 0.16, prevent-
ing destruction of the contrast microbubbles. The 
contrast agent SonoVue (Bracco, Milan, Italy) and 
saline (5 mL) were used to prepare the suspension. 
A 2-ml bolus of contrast agent was injected into the 
peripheral vein, immediately followed by 5 ml of 
saline for CEUS analysis. Neovascularisation was 
identified according to the extent of the microbub-
bles within the plaque. Digital recordings were 
made in the longitudinal plane for 10–20 s at base-
line and after contrast microbubbles arrived at the 
carotid arteries and continued for up to 120 s. 
Native raw data were stored in the scanner’s hard 
drive, and the cine clips were later assessed offline.
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Analysis of carotid intraplaque 
neovascularisation
The intraplaque contrast enhancement was clas-
sified as follows: grade 0: no visible microbubbles 
within the plaque; grade 1: moderate microbub-
bles confined to the shoulder and/or adventitial 
side of the plaque; or grade 2: extensive micro-
bubbles throughout the plaque (Figure 1).18 
Scans were analysed by two experienced examin-
ers in CEUS (XYQ and ZYY: each with 10 years 
of experience), who were blinded to the clinical 
information and each other’s results. Inconsistent 
gradings were discussed, and the final result was 
determined by both examiners.

Clinical data and follow-up
Data of the following clinical parameters were 
recorded: (1) age and sex; (2) risk factors: family 
history, diabetes mellitus, hypertension, previous 
ischaemic stroke, alcohol abuse (⩾120–150 g/
day), and smoking; (3) serological indicators: tri-
glyceride, cholesterol, low-density lipoprotein, 
high-density lipoprotein, homocysteine, high-
sensitivity C-reactive protein, vitamin B12 and 
folic acid levels; (4) whether the patients under-
went carotid revascularisation during the follow-
up; and (5) medication adherence.

We followed up the clinical course of patients 
every 6 months. During the follow-up period of 
30 ± 6 months, the occurrence of primary out-
comes was recorded. The endpoint was recurrent 
stroke and cardiovascular events that occurred 
during follow-up. Recurrent ischaemic stroke was 
defined as a sudden focal neurological deficit last-
ing more than 24 h, which indicates a new ischae-
mic event and is confirmed by cranial computed 
tomography or magnetic resonance imaging.19 
Cardiovascular events included non-fatal myo-
cardial infarction and refractory unstable angina 
pectoris requiring unplanned coronary revascu-
larisation, heart failure or cardiac death.20 Patients 
who took medications ⩾80% of days in the study 
period showed good medication adherence.21

Statistical analysis
Statistical analysis was performed using SPSS 
Statistics (version 26.0; IBM Corp., Armonk, 
NY, USA). We used the Kolmogorov–Smirnov 
test (n > 50) or Shapiro–Wilk test (n ⩽ 50) in 
SPSS Statistics to test for the normality of the 
metrology data, and data with a p-value of >0.05 

were considered normally distributed. For con-
tinuous variables, data of normally distributed 
variables were presented as mean ± standard 
deviation, while the data of non-normally distrib-
uted variables were presented as median and 
interquartile range. Frequencies and percentages 
(%) were used to express categorical variables. 
Student t-test was used to analyse normally dis-
tributed variables, and the non-parametric rank 
sum test was used to analyse non-normally dis-
tributed variables. The chi-square test was used 
to analyse categorical variables. Univariate and 
multivariate logistic regression analyses were used 
to analyse the risk factors for future vascular 
events. We performed univariate analysis of each 
variable first, and the variables that were signifi-
cant in univariate analysis (p < 0.05) were then 
included in multivariate analysis. Inter-observer 
agreement and intra-observer agreement were 
assessed using the Cohen kappa coefficient. The 
level of significance was set at p < 0.05.

Results

Patient outcomes
Initially, 121 patients were recruited into the study. 
However, 45 patients were excluded for various 

Figure 1.  Typical examples of grades of carotid intraplaque 
neovascularisation based on the contrast-enhanced ultrasonography 
examination (left: plaque after contrast enhancement; right: plaque 
before contrast enhancement). (a) Grade 0: no visible microbubbles within 
the plaque. (b) Grade 1: moderate microbubbles on the shoulder and/
or adventitial side of the plaque. (c) Grade 2: extensive microbubbles 
throughout the plaque.
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reasons (Figure 2), and 76 patients who met the 
inclusion and exclusion criteria were eventually 
included in the study. Their average age was 
65 ± 7.9 years, and 67 patients were male (88.2%). 
After the follow-up period, 30 patients were in the 
‘recurrent’ group and 46 were in the ‘non-recur-
rent’ group. In the ‘recurrent’ group, we observed 
isolated recurrent stroke in 23 patients (76.7%), 
isolated cardiovascular events in three patients 
(10%) and both diseases in four patients (13.3%). 
In particular, of the 23 patients experiencing a 
recurrent stroke, 19 had lesions ipsilateral to the 
carotid plaque with neovascularisation, three had 
lesions contralateral to the carotid plaque with 
neovascularisation, and one had both lesions bilat-
erally. Twenty-eight patients underwent carotid 
revascularisation, including 21 patients with 

severe stenosis and seven patients with moderate 
stenosis.

Baseline characteristics
The baseline characteristics of the patients are 
shown in Table 1. There were no significant clinical 
differences in terms of age or sex between the groups 
(p > 0.05). The number of patients with diabetes 
mellitus in the ‘recurrent’ group was higher than 
that in the ‘non-recurrent’ group (p = 0.007), but 
other risk factors were similar between the two 
groups. Compared with the ‘non-recurrent’ group, 
the ‘recurrent’ group had higher levels of cholesterol 
(p = 0.030), low-density lipoprotein (LDL) 
(p = 0.042) and homocysteine (p = 0.006). In addi-
tion, the percentage of carotid revascularisation 

Figure 2.  Enrolment and analysis of the study participants.
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(p = 0.003) was significantly higher in the ‘non-
recurrent’ group than in the ‘recurrent’ group.

Plaque characteristics
Hypoechoic plaques (types I and II) (p = 0.031) 
and the proportion of diffuse neovascularisation 
(grade 2) (p = 0.007) were significantly higher in 
the ‘recurrent’ group than in the ‘non-recurrent’ 
group. There was no difference in the degree of 
carotid stenosis between the two groups (p > 0.05) 
(Table 2).

Table 3 shows the occurrence of future vascular 
events in patients with different degrees of carotid 
stenosis. In the ‘severe stenosis’ group, 12 patients 
(35.3%) had subsequent vascular events, whereas in 
the ‘mild and moderate stenosis’ groups, 18 patients 
(42.9%) had primary outcomes, which accounted for 
an unexpectedly high proportion of patients 
(p = 0.019). Table 4 shows the relationship between 
the degree of carotid stenosis and intraplaque neo-
vascularisation (IPN) assessed by CEUS in the 
‘recurrent’ group. We found that IPN (grade 2) in 
patients with severe stenosis accounted for 75%, and 
it accounted for a considerable percentage (55%) in 
patients with mild and moderate stenosis.

Risk factors for carotid intraplaque 
neovascularisation
In terms of the CEUS examinations of 76 patients, 
13 patients had no neovascularisation (grade 0), 
while 63 patients presented with neovascularisation 
(grades 1 and 2; Table 5). A significantly greater 
number of men showed the presence of neovascu-
larisation, but age was similar in patients with and 
without neovascularisation (p > 0.05). There were 
no statistically significant differences in serological 
indicators and risk factors for future vascular events 
between the two groups (p > 0.05). Severe stenosis 
(p = 0.019) and hypoechoic plaques (types I and II) 
(p = 0.003) were more frequently detected in the 
‘neovascularisation’ group than in the ‘non-neovas-
cularisation’ group. The agreement for intra-
observer reliability was 0.791, which corresponds 
to good reliability. Agreement for two-reader relia-
bility also showed good reliability (0.726).

Univariate and multivariate logistic regression 
analyses
Table 6 shows the results of univariate and multi-
variate logistic regression analyses of future 

vascular events. Univariate logistic regression 
analysis showed that diabetes mellitus, choles-
terol, LDL, homocysteine, carotid revascularisa-
tion, CEUS (grade 2) and hypoechoic plaque 
(types I and II) were significant predictors of pri-
mary outcomes (p < 0.05). Multivariate logistic 
regression analysis revealed that CEUS (grade 2) 
[odds ratio (OR) 6.066, 95% confidence interval 
(CI) 1.565–23.512], homocysteine (OR 1.203, 
95% CI 1.001–1.446) and diabetes mellitus (OR 
6.686, 95% CI 1.530–29.221) remained signifi-
cant independent predictors of future vascular 
events, and carotid revascularisation (OR 0.218, 
95% CI 0.055–0.869) was a protective factor.

Discussion
In our study, we focused on atherosclerosis as a 
systemic disease and demonstrated that carotid 
intraplaque neovascularisation assessed by CEUS 
in patients with recent ischaemic events was an 
independent predictor of future vascular events. 
We found that the proportion of patients with 
future vascular events was high in the mild and 
moderate stenosis group (up to 42.9%); of those, 
IPN assessed by CEUS accounted for a consider-
able percentage.

Given that the degree of carotid stenosis is the 
main factor for determining whether carotid 
revascularisation is necessary, in the past few dec-
ades, attention has been paid to patients with 
severe symptomatic stenosis, while patients with 
mild to moderate stenosis have been ignored.22 In 
the study, we observed that the proportion of 
patients with future vascular events was high in 
the mild and moderate stenosis group. This may 
be because in clinical practice, revascularisation, 
as a therapeutic procedure, affects the occurrence 
of future vascular events. Patients with severe 
carotid artery stenosis underwent more carotid 
revascularisation procedures, whereas patients 
with mild to moderate stenosis mainly received 
medical therapy. Furthermore, previous research 
indicates that not only the degree of stenosis but 
also the structure and composition of the carotid 
plaques are associated with vascular events.23,24 
The present study demonstrated that plaque vul-
nerability is predictive of future vascular events 
and is a critical factor among patients with mild 
and moderate stenosis. A recent meta-analysis 
reported that patients with mild stenosis but vul-
nerable plaques are also at a higher risk of vascu-
lar events.25 Our findings lead to a similar 
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conclusion: patients with mild and moderate ste-
nosis who have future vascular events have a 
higher grade of IPN (grade 2), which implies that 
the plaque is more vulnerable.

Vulnerable plaques often show features such as a 
thin fibrous cap, lipid-rich necrotic core, intra-
plaque neovascularity, intraplaque haemorrhage 
and plaque ulceration. B-mode US imaging is a 
useful tool for assessing the vulnerability of carotid 
plaques by evaluating plaque echogenicity. A 

meta-analysis by Gupta et al.26 showed that patients 
with predominantly hypoechoic plaques had a 
higher future ipsilateral ischaemic stroke risk. Using 
integrated backscatter (IBS) analysis to character-
ise plaque echogenicity, investigators have shown 
that patients with acute coronary syndrome have 
lower IBS values for carotid plaque than those with 
stable coronary artery disease (CAD). In addition, 
carotid plaque hypoechogenicity was indepen-
dently associated with future coronary heart disease 
(CHD) events in stable CHD patients,27 which is 

Table 1.  Baseline characteristics of the patients (N = 76).

Total
N = 76

Non-recurrent
n = 46

Recurrent
n = 30

p-value

Demographics

  Age, years 65 (7.9) 64 (7.2) 67 (8.7) 0.157

  Sex, men 67 (88.2) 42 (91.3) 25 (83.3) 0.293

Risk factors

  Family history 37 (48.7) 23 (50.0) 14 (46.7) 0.776

  Diabetes mellitus 20 (26.3) 7 (15.2) 13 (43.3) 0.007

  Hypertension 55 (72.4) 33 (71.7) 22 (73.3) 0.879

  Previous ischaemicstroke 41 (53.9) 24 (52.2) 17 (56.7) 0.701

  Alcohol abuse 39 (51.3) 26 (56.5) 13 (43.3) 0.261

  Smoking 49 (64.5) 28 (60.9) 21 (70.0) 0.416

Serological indicators

  Triglyceride level, mmol/l 1.42 (1.01–1.79) 1.28 (0.93–2.06) 1.61 (1.25–1.75) 0.079

  Cholesterol level, mmol/l 3.96 (1.03) 3.76 (1.09) 4.28 (0.86) 0.030

  LDL level, mmol/l 2.43 (0.75) 2.29 (0.79) 2.65 (0.64) 0.042

  HDL level, mmol/l 1.06 (0.85–1.20) 1.08 (0.88–1.21) 0.98 (0.82–1.18) 0.392

  Homocysteine level, mmol/l 14.0 (10.90–14.90) 12.81 (10.33–14.11) 14.11 (12.78–18.83) 0.006

  hs-CRP level, mg/l 3.23 (3.14–3.74) 3.23 (3.14–3.74) 3.23 (3.14–3.79) 0.847

  Vitamin B12 level, pmol/l 237.87 (184.25–254.75) 237.87 (224.0–278.25) 224.0 (152.50–240.50) 0.086

  Folic acid level, ng/ml 6.50 (5.35–7.35) 6.50 (5.34–7.44) 6.34 (5.25–7.47) 0.781

Carotid revascularisation 28 (36.8) 23 (50.0) 5 (16.7) 0.003

Medication adherence 57 (75.0) 38 (82.6) 19 (63.3) 0.058

Numbers are presented as n (%), mean (standard deviation) or median (interquartile range).
HDL, high-density lipoprotein; hs-CRP, high-sensitivity C-reactive protein; LDL, low-density lipoprotein. 
Bold represents p < 0.05.
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in line with our own findings, confirmed through 
univariate analysis. We demonstrated that both 
hypoechoic plaques (types I and II) and intraplaque 
neovascularisation (grade 2) were significantly 
higher in the ‘recurrent’ group than in the ‘non-
recurrent’ group. After adjusting for confounding 
factors, intraplaque neovascularisation (grade 2) 
was an independent risk factor for future vascular 
events, while hypoechoic plaques (types I and II) 
were not. Therefore, it is necessary to use CEUS 
detected IPN in routine carotid US to prevent 
future vascular events.

In the present study, we showed the importance 
of neovascularisation detection for predicting ath-
erosclerosis-related events recurrence, consistent 
with recent research. Li et al.11 showed that high-
grade contrast enhancement assessed using 
CEUS is an independent risk factor for ischaemic 

stroke or recurrent TIA in TIA patients. However, 
the occurrence of TIA is transient and imaging 
evidence is not enough to support it to make a 
definite diagnosis. Furthermore, Camps-Renom 
et al.12 demonstrated that when adjusting for the 
degree of stenosis, neovascularisation measured 
by CEUS was still statistically significant in pre-
dicting stroke recurrence. However, participants 
with complete carotid occlusion and calcified 
plaque were included in the study, and intra-
plaque neovascularisation was not clear. In our 
study, only patients with recent ischaemic stroke 
were included, and a relatively larger number of 
patients were included in our study to explore 
IPN assessed by CEUS than in previous studies. 
In addition, we found that IPN (grade 2) was fre-
quently observed in patients with mild and mod-
erate stenosis with subsequent vascular events. 
Moreover, we found an interesting result: the 

Table 2.  Plaque characteristics of the patients (n = 76).

Total
N = 76

Non-recurrent
n = 46

Recurrent
n = 30

p-value

Plaque echogenicity

  Types I and II 34 (44.7) 16 (34.8) 18 (60.0) 0.031

  Types III and IV 42 (55.3) 30 (65.2) 12 (40.0)

CEUS

  Grades 0 and 1 40 (52.6) 30 (65.2) 10 (38.3) 0.007

  Grade 2 36 (47.4) 16 (34.8) 20 (66.7)

Degree of carotid stenosis

  Mild and moderate stenosis 42 (55.3) 24 (52.2) 18 (60.0) 0.502

  Severe stenosis 34 (44.7) 22 (47.8) 12 (40.0)

Numbers are presented as n (%).
CEUS, contrast-enhanced ultrasonography. 
Bold represents p < 0.05.

Table 3.  Future vascular event occurrence in patients with degree of carotid stenosis.

Degree of carotid stenosis

  Mild stenosis
n = 24

Moderate stenosis
n = 18

Severe stenosis
n = 34

Non-recurrent 18 (75.0) 6 (33.3) 22 (64.7)

Recurrent 6 (25.0) 12 (66.7) 12 (35.3)

Numbers are presented as n (%).
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group with the presence of neovascularisation had 
better medication adherence than the group with 
the absence of neovascularisation. This is partly 
because when patients are at greater risk of future 
vascular events, they tend to cooperate with treat-
ment. Nevertheless, we only classified the three 
grades detected by CEUS to show their effect on 
the primary outcomes. Further investigation may 
obtain the grades of each plaque by averaging the 
overall score per patient and obtaining the score 
as a threshold for atherosclerosis-related event 
risk stratification.28

Our study demonstrated the systemic nature of 
atherosclerosis, which was predicted by detecting 
carotid intraplaque neovascularisation using 
CEUS. Ischaemic stroke and CAD share com-
mon risk factors and pathological mechanisms. 
CAD may coexist with atherosclerotic ischaemic 
stroke in patients. Furthermore, population data 
have found that CAD is the major cause of death 
in ischaemic stroke patients in both the short and 
the long term.29 A recent meta-analysis30 showed 
that in eight studies, the total risk of myocardial 
infarction was 3% in 47,229 ischaemic stroke 
patients without any history during follow-up. 
Previous studies reported that patients with an 
episode of ischaemic stroke or TIA had a higher 
risk of CAD, and the prevalence of CAD was par-
ticularly associated with both carotid stenosis and 
carotid plaque. Magnetic resonance angiography 
or cardiac magnetic resonance vessel wall imaging 
was performed to assess plaque features.31,32 
However, similar studies are rare in the field of 
US. Published studies have focused on isolated 
cerebrovascular or cardiovascular diseases. Some 
studies have suggested that intraplaque neovascu-
larisation is significantly related to ischaemic 
stroke, that carotid plaque can independently 
predict significant and complex CAD, and that 

CEUS-assessed carotid IPN is a clinically useful 
tool in high-risk cardiac patients.28,33 In the pre-
sent study, we demonstrated that carotid intra-
plaque neovascularisation using CEUS can 
predict not only stroke recurrence but also cardi-
ovascular events, which may represent a system-
atic burden of atherosclerotic disease.

We found that diabetes mellitus and homocyst-
eine were independent risk factors for future vas-
cular events, and hypertension was not related to 
future vascular events. Studies have shown that 
diabetes is an independent risk factor for ischae-
mic stroke and cardiovascular events and that 
controlling glycaemia significantly reduces the 
risk of vascular events.34 Additionally, a high 
homocysteine level is a risk factor for ischaemic 
stroke and recurrent stroke.22 We found similar 
findings, which were explained by the following 
potential mechanisms. Hyperglycaemia and 
increased plasma homocysteine levels are related 
to oxidative stress, dysfunction of the nitric oxide 
synthase system and inflammation. The poten-
tially overall mechanisms may not only accelerate 
vascular injury but also introduce carotid athero-
sclerotic plaque formation. Plaque formation 
causes oxygen deprivation and stimulates neovas-
cularisation. In addition, the presence of diabetes 
can break the balance between procoagulants and 
anticoagulants and make the body prone to a pro-
coagulant state, promoting thrombosis.35 Previous 
studies have suggested that hypertension is asso-
ciated with recurrent stroke. Additionally, studies 
have shown that controlling blood pressure 
reduces the incidence of cardiovascular events.36 
However, we did not obtain similar results. The 
main reason for this is that hypertension is specifi-
cally related to recurrent strokes caused by small 
artery diseases.37 Another possible reason is the 
small sample size of this study, as only four 

Table 4.  Relationship between the degree of stenosis and CEUS in the recurrent group.

CEUS Degree of carotid stenosis

  Mild stenosis
n = 6

Moderate stenosis
n = 12

Severe stenosis
n = 12

Grade 0 1 (16.7) 3 (25.0) 1 (8.3)

Grade 1 1 (16.7) 3 (25.0) 2 (16.7)

Grade 2 4 (66.6) 6 (50.0) 9 (75.0)

Numbers are presented as n (%).
CEUS, contrast-enhanced ultrasonography.
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Table 5.  Relationship between the risk factors and carotid plaque neovascularisation.

Absence of neovascularisation 
– grade 0
n = 13

Presence of neovascularisation – 
grades 1 and 2
n = 63

p-value

Demographics

  Age 65 (8.66) 65 (7.75) 0.756

  Sex 8 (61.5) 59 (93.7) 0.005

Risk factors

  Family history 7 (53.8) 30 (47.6) 0.683

  Diabetes mellitus 2 (15.4) 18 (28.6) 0.524

  Hypertension 10 (76.9) 45 (71.4) 0.950

  Previous ischaemic stroke 10 (76.9) 31 (49.2) 0.068

  Alcohol abuse 4 (30.8) 35 (55.6) 0.104

  Smoking 5 (38.5) 44 (69.8) 0.067

Serological indicators

  Triglyceride level, mmol/l 1.48 (0.89–2.24) 1.41 (1.04–1.73) 0.079

  Cholesterol level, mmol/l 4.02 (0.91) 3.95 (1.06) 0.839

  LDL level, mmol/l 2.47 (0.79) 2.43 (0.75) 0.854

  HDL level, mmol/l 1.17 (0.27) 1.04 (0.29) 0.190

  Homocysteine level, mmol/l 14.11 (13.0–18.90) 13.50 (10.70–14.11) 0.609

  hs-CRP level, mg/l 3.23 (3.09–4.82) 3.23 (3.14–3.74) 0.847

  Vitamin B12 level, pmol/l 237.0 (165.0–239.0) 237.87 (196.0–230.5) 0.972

  Folic acid level, ng/ml 6.55 (5.60–9.03) 6.50 (4.98–7.09) 0.781

Carotid revascularisation 3 (23.1) 28 (44.4) 0.153

Medication adherence 4 (30.8) 53 (84.1) <0.001

Plaque echogenicity

  Types I and II 1 (7.7) 33 (52.4) 0.003

  Types III and IV 12 (92.3) 30 (47.6)

Degree of carotid stenosis

  Mild and moderate stenosis 11 (84.6) 31 (49.2) 0.019

  Severe stenosis 2 (15.4) 32 (50.8)

Numbers are presented as n (%), mean (standard deviation) or median (interquartile range).
HDL, high-density lipoprotein; hs-CRP, high-sensitivity C-reactive protein; LDL, low-density lipoprotein. 
Bold represents p < 0.05.
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cardiovascular events occurred in patients with 
recurrent vascular events.

The current study has some limitations. Only 
the thickest plaques in the ipsilateral lesion were 
assessed, which may have introduced potential 
spectrum bias. In addition, CEUS is a two-
dimensional imaging technique that may have 
overlooked neovascularisation in certain 
plaques. A semi-quantitative grading system 
was used to detect neovascularisation using 
CEUS, which has high subjectivity. However, 
we performed interobserver consistency analysis 
to obtain good reliability. The follow-up dura-
tion was short and the sample size was small. 
Therefore, large multicentric studies with longer 
follow-up times are required to validate the pre-
sent findings.

Conclusions
In conclusion, our study provides evidence that 
carotid intraplaque neovascularisation assessed 
by CEUS is an independent predictor of future 
vascular events in patients with recent ischaemic 
events. Moreover, the high proportion of neovas-
cularisation in patients with mild and moderate 
stenosis should receive more attention.
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