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Objective: To investigate the predictive value of contrast-enhanced ultrasound (CEUS) combined with serum miR-124 level in acute
cerebral infarction (ACI) and their association with the contrast enhancement of carotid atherosclerotic plaque.
Methods: Totally 60 patients diagnosed with ACI and 60 controls were included in the study. All the subjects had carotid
atherosclerotic plaques, and all of them were examined by CEUS and were tested for serum miR-124 levels.
Results: Time to peak (TTP) and mean transit time (MTT) in the ACI group were significantly shorter than those in the control group
(P < 0.05), but the peak intensity ratio (PIR), the area under the curve (AUC), and relative expression levels of serum miR-124 were
notably greater in the ACI group (P < 0.05). There were statistically significant differences in TTP, MTT, PIR, AUC, and serum miR-
124 expression in patients with different cerebral infarct areas in the ACI group (P < 0.05). Besides, the sensitivity and specificity of
serum miR-124 levels for the prediction of ACI were 71.67% and 90.00%, respectively, with a cut-off value of 1.52, and the sensitivity
was 86.67% and specificity was 93.33% of CEUS combined with serum miR-124 in the prediction of ACI. The ACI group showed
a higher proportion of grades 2 and 3 (P < 0.001). Pearson correlation analysis showed that the intraplaque contrast enhancement was
negatively related to TTP and MTT but had a positive correlation with PIR, AUC, and serum miR-124 levels.
Conclusion: Grades 2 and 3 intraplaque contrast enhancement and serum miR-124 level of 1.52 had high sensitivity and specificity to
predict ACI. Moreover, the CEUS parameters combined with serum miR-124 level could improve the performance in predicting ACI
and had auxiliary value in evaluating the stability of carotid atherosclerotic plaques.
Keywords: contrast-enhanced ultrasound, miR-124, acute cerebral infarction, carotid atherosclerotic plaque

Introduction
Acute cerebral infarction (ACI) is a neurological disorder caused by hypoxia and ischemia of local brain tissue due to
insufficient blood supply.1 ACI mainly occurred in elderly people, and it is the leading cause of adult disability, cognitive
impairment, and mortality worldwide, which seriously threatens human health.2 The risk of ACI lies not only in carotid
artery lumen stenosis caused by atherosclerotic plaque but also in plaque stability.3 Pelisek et al pointed out that
intraplaque neovascularization and inflammation are the two main characteristics of vulnerable plaques, and their
vulnerability increases the risk of ACI.4 Limited by detection techniques, there is a lack of accurate and effective
methods to detect neovascularization. For instance, computed tomography (CT) examination cannot show the ischemic
focus well in the early stage of infarction, while magnetic resonance imaging (MRI) examination requires a high
magnetic resonance signal and is not applicable for patients with metal stents.5,6 Although 18-FDG PET-CT is an
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accurate imaging modality for detecting atherosclerotic plaque inflammation, its clinical use is limited owing to its high
cost and radiation exposure.7 Contrast-enhanced ultrasound (CEUS) as a noninvasive technique provides direct visua-
lization of the intraplaque neovascularization.8 CEUS is featured with simplicity, and high spatial and temporal
resolution.9 It has been demonstrated that the histological density of neovessels was positively related to the presence
of neovascularization within the carotid plaques.10 The degree of enhancement of intraplaque neovascularization is
associated with cerebrovascular and cardiovascular events.11,12 However, few studies have compared the CEUS para-
meters and intraplaque contrast enhancement assessed by CEUS among carotid atherosclerotic plaque patients with or
without ACI.

MicroRNAs (miRNAs) are short, single-stranded RNAs consisting of 18–24 nucleotides.13 miR-124 is a brain-
specific miRNA, which is highly expressed in the neurons throughout the brain.14 It has been reported that miR-124 is
involved in the central nervous system development, neuronal immunity and differentiation, stroke, and brain cancers.15

Xu et al showed that the CEUS parameters and high sensitivity C-reactive protein level might be used for plaque risk
stratification in ACI patients.16 Inspired by this study, we hypothesized that CEUS parameters and serum miR-124 might
play an important role in predicting ACI.

Therefore, we conducted the present study to systemically evaluate the predictive value of CEUS parameters
combined with serum miR-124 expression level in ACI and their correlation with the intraplaque contrast enhancement,
providing a reference for the prediction and early diagnosis of ACI.

Materials and Methods
Patients
Sixty patients with ACI admitted to our hospital from January 2021 to December 2021 were recruited into the ACI group
(36 males and 24 females; average age 66.78±7.29 years). Inclusion criteria: (1) meeting the diagnostic criteria of ACI16

or with carotid stroke and confirmed by CT and MRI examination; (2) within the first 48h after the first onset; (3) age >
60 years old; (4) without other treatment before admission; (5) with carotid atherosclerotic plaque. Exclusion criteria: (1)
with intracerebral hemorrhage; (2) with a previous history of intracerebral hemorrhage; (3) with Alzheimer’s disease and
Parkinson’s disease; (4) with malignant tumors; (5) with intracerebral infection. The infarct area of patients was
calculated using the Pullicino formula.17 Patients with an infarct area <3 cm3 were included in the small infarction
group (n=23), 3 cm3 ≤an infarct area ≤5 cm3 in the middle infarction group (n=22), and infarct area >5 cm3 in the large
infarction group (n=15). There were 60 patients with carotid atherosclerotic plaque but no ACI during the same period in
the control group, including 38 males and 22 females with an average age of 67.11±6.49 years. No statistical significance
was observed in gender and age between the ACI and control groups (P >0.05) (data are not shown). This study was
approved by the hospital ethics committee and informed consent was obtained from all the patients.

Standard Carotid Ultrasound and CEUS Examination
First, a standard carotid ultrasound was performed using a RESONA 7 color Doppler ultrasound diagnostic instrument
and the supporting system (probe L11-3U, frequency 3–11 MHz) (Mindray, Shenzhen). The patients were asked to
remain in a supine position with adequate exposure to the neck. The common carotid artery, carotid bifurcation as well as
internal carotid arteries were visualized in longitudinal and transverse sections to observe the presence of plaque, and the
thickness, length, and classification of the plaque. If the patient had more than one plaque, the thickest one on the
relevant side (in the ACI group) and on either side (in the control group) was selected as the target plaque.

Then, patients underwent CEUS examination with the same machine. The contrast agent SonoVue (Bracco, Milan,
Italy) was mixed with 5 mL of saline and shaken to homogeneity. A dose of 2 mL contrast agent was injected into the
median cubital vein immediately, followed by a saline (5 mL) bolus. The synchronous real-time CEUS mode was turned
on for dynamically observing the presence of plaques and their character and grading. The intraplaque contrast
enhancement was classified as follows:18 grade 0: no visible microbubbles; grade 1: a small number of microbubbles;
grade 3: many constant microbubbles; grade 2: microbubbles between grade 1 and 3. Scans were analyzed in CEUS by
two experienced radiologists who had no prior knowledge of the patients’ clinical information. Inconsistent grading was
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discussed and the final result was determined by both radiologists. Meanwhile, the following parameters were measured:
time to peak (TTP), peak intensity ratio (PIR), the area under the curve (AUC), and mean transit time (MTT).

Detection of Serum miR-124 Level
After enrollment, all participants fasted for 8–12 h, and about 5 mL of venous blood was drawn from the cubital vein the
following morning, and serum was obtained by centrifugation at 3000 r/min for 10 min at 4 °C. Total RNAwas extracted
using the mirVana miRNA isolation kit (Ambion, USA). Then, the samples were stored in a −80°C refrigerator.
Following reverse transcription by TaqqManmicro reverse transcription kit (Ambion, USA), miR-124 was quantified
by TaqMan MicroRNA Assays (Applied Biosystems, Carlsbad, CA, USA) according to the manufacturer’s instructions.

Statistical Analysis
Statistical analysis was performed by the SPSS software (version 17.0, USA). All continuous variables, tested as the
normal distribution, were expressed by mean ± standard deviation (SD). A t-test was used for comparison between two
groups, and a comparison of multiple groups was conducted with a one-way analysis of variance (ANOVA). Categorical
data were presented as frequencies (n) and percentages (%) and were analyzed using the chi-square test. The receiver
operating characteristic (ROC) curve was applied to evaluate the predictive efficacy of CEUS parameters and miR-124
level. Pearson correlation analysis was performed to determine the association of CEUS parameters and serum miR-124
level with intraplaque contrast enhancement. P <0.05 was considered statistically significant.

Results
Comparison of CEUS Parameters and Serum miR-124 Levels Between ACI and
Control Groups
The TTP and MTT in the ACI group were significantly lower than those in the control group, while the PIR and AUC
were remarkably higher (all P <0.05). In addition, the serum miR-124 levels of ACI patients and controls were 2.65±0.60
and 1.04±0.31, respectively, and the difference was statistically significant (P <0.05) (Table 1).

Comparison of CEUS Parameters and Serum miR-124 Levels in ACI Patients with
Different Infarct Areas
Compared with ACI patients with small infarct areas, those with middle and large infarct areas had significantly shorter
TTP and MTT, but higher PIR, and AUC (P <0.05). TTP and MTT were also shorter in large infarct areas than those in
middle infarct areas, but PIR and AUC were higher with statistically significant differences (P <0.05). Moreover, the
relative expression level of miR-124 in patients with middle and large infarct areas was significantly higher than that in
those with small infarct areas, and its expression in patients with large infarct areas was notably higher than that in those
with middle infarct areas (P <0.05) (Table 2).

Table 1 Comparison of CEUS Parameters and Serum miR-124 Levels Between ACI and Control Groups

Group TTP (s) PIR (%) AUC (db/s) MTT (s) miR-124

ACI group 16.31±2.12 66.32±8.14 2577.11±273.49 72.15±12.86 2.65±0.60

Control group 19.44±2.15 54.70±8.39 1964.52±374.58 86.23±17.44 1.04±0.31

t 8.030 7.700 10.231 5.033 18.466
P <0.001 <0.001 <0.001 <0.001 <0.001

Abbreviations: CEUS, contrast-enhanced ultrasound; ACI, acute cerebral infarction; TTP, time to peak; PIR, peak intensity ratio; AUC,
area under the curve; MTT, mean transit time.
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The Predictive Value of CEUS Parameters Combined with Serum miR-124 Level in
ACI Patients
When the optimal cut-off values of CEUS parameters TTP, PIR, and MTT were 15.82, 70.38, and 71.29, respectively,
they had a sensitivity of 80.00% (48/60), 83.33% (50/60), and 86.67% (52/60) and the specificity of 83.33% (50/60),
86.67% (52/60), and 91.67% (55/60), respectively in predicting ACI. The sensitivity and specificity of serum miR-124
levels for the prediction of ACI were 71.67% (43/60) and 90.00% (54/60), respectively, with a cut-off value of 1.52.
Importantly, CEUS parameters combined with serum miR-124 level detection had a sensitivity of 86.67% (52/60) and
a specificity of 93.33% (56/60) (Table 3).

Comparison of the Intraplaque Contrast Enhancement Between ACI and Control
Groups
To compare the plaque stability between ACI patients and controls, intraplaque contrast enhancement was assessed by
CEUS. The intraplaque contrast enhancement was classified as grades 0–3 as the previously described. Compared with
the control group, the ACI group showed a higher proportion of grade 2 and grade 3 (P <0.001). Thirteen patients in the
ACI group exhibited low grades, ten of whom had stenotic carotid plaques (Table 4).

Table 2 Comparison of CEUS Parameters and Serum miR-124 Levels in ACI Patients with Different Infarct Areas

Infarct Area TTP (s) PIR (%) AUC (db/s) MTT (s) miR-124

Small (n=23) 17.31±1.28 60.22±7.30 2190.80±258.13 75.67±11.45 1.79±1.13
Middle (n=22) 15.42±1.37* 69.70±8.25* 2689.77±321.42* 70.15±13.92* 2.57±0.78*

Large (n=15) 10.26±1.04*Δ 78.16±8.50*Δ 3145.28±356.55*Δ 60.21±11.23*Δ 3.16±0.75*Δ

F 16.283 19.293 24.758 16.772 12.730
P <0.001 <0.001 <0.001 <0.001 <0.001

Notes: Compared with small infarction area, *P <0.05; compared with middle infarction area, ΔP <0.05.
Abbreviations: CEUS, contrast-enhanced ultrasound; ACI, acute cerebral infarction; TTP, time to peak; PIR, peak intensity ratio; AUC, area under the
curve; MTT, mean transit time.

Table 3 The Predictive Value of CEUS Parameters and Serum miR-124 Level in ACI

Indicator AUC P-value 95% CI Sensitivity Specificity

TTP 0.623 0.037 0.447–0.612 80.00 83.33
PIR 0.671 0.023 0.513–0.876 83.33 86.67

MTT 0.674 0.039 0.598–0.752 86.67 91.67

Serum miR-124 0.772 0.030 0.710–0.839 71.67 90.00
Combined detection 0.812 0.027 0.755–0.868 86.67 93.33

Abbreviations: CEUS, contrast-enhanced ultrasound; ACI, acute cerebral infarction; TTP, time to peak; PIR, peak intensity ratio; MTT, mean
transit time; AUC, area under the curve; 95% CI, 95% confidence interval.

Table 4 Comparison of the Intraplaque Contrast Enhancement Between ACI and Control Groups (n, %)

Group Grade 0 Grade 1 Grade 2 Grade 3

ACI group (n=60) 4 (10.8) 9 (25.7) 22 (95.7) 25 (100.0)

Control group (n=60) 33 (89.2) 26 (74.3) 1 (4.3) 0 (0.0)

χ2 75.161
P < 0.001

Abbreviation: ACI, acute cerebral infarction.
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Association of CEUS Parameters and Serum miR-124 Level with the Intraplaque
Contrast Enhancement
Pearson correlation analysis showed that there were negative associations of CEUS parameters TTP and MTT with the
enhancement degree of CEUS in carotid atherosclerotic plaques (r=−0.482, −0.557). Whereas, PIR, AUC, and serum
miR-124 levels were positively related to the intraplaque contrast enhancement (r=0.544, 0.601, 0.528), suggesting that
CEUS parameters and serum miR-124 levels may assist in evaluating the stability of carotid atherosclerotic plaques.

Discussion
ACI is a common disease with high morbidity and mortality.19 Atherosclerotic plaque rupture is the leading cause of
ACI.20 It has been reported that neovascularization is an essential factor in promoting the formation and development of
vulnerable atherosclerotic plaques.21 In addition, neovascularization is a consistent feature of vulnerable plaques in
cerebrovascular diseases.22 These studies exhibited that neovascularization might play a vital role in the occurrence of
plaque rupture, thereby promoting ACI.

Due to its advantages of convenient examination and non-invasiveness, ultrasonography has become the most
important auxiliary method in clinical practice and the first choice for the screening and assessment of carotid
atherosclerosis.23 Nevertheless, the presence of new blood vessels in atherosclerotic plaques is difficult to be accurately
detected by ordinary ultrasound.24 CEUS is a kind of imaging technique in which the contrast agent containing
microbubbles is injected into the patient’s vein, which helps to observe the changes of the lesion signal through the
scattering intensity and sound impedance, and then analyze the character of the lesion.25 When used for the detection of
atherosclerosis, it can enhance the blood flow signal, reflect the change of plaque, improve the imaging of intraplaque
neovascularization, and carry out parameter analysis.26 The quantitative CEUS parameters reflect the blood perfusion and
perfusion patterns of atherosclerotic plaques from different sides.16 We compared the CEUS parameters in different
groups and found that the TTP and MTT in the ACI group were significantly lower than those in the control group, but
the PIR and AUC were remarkably higher. This suggested that the carotid atherosclerotic plaques of ACI patients might
have more neovascularization and vulnerability.

Inflammation, as another crucial factor of vulnerable plaque, had an intimate relationship with atherosclerosis.4,27

Therefore, serum inflammatory markers are very powerful for assessing the prognosis of ACI patients. Extracellular
vesicles (EVs) containing miRNAs represent an essential role in cell signaling events both during the acute phase of
stroke and in the long-term post-stroke recovery. The EVs can be detected in the periphery, making them useful in
deciphering the mechanisms underlying other brain disorders such as Parkinson’s disease and Alzheimer’s disease.28 In
addition, these small EVs regulated a set of miRNAs linked to angiogenesis, which have therapeutic efficacy in ischemic
stroke recovery.29 MiR-124 is involved in synapse morphology, neurotransmission, inflammation, autophagy, and
mitochondrial function.30 It has been evidenced that the aberrant expression of miR-124 was linked to various
neurological disorders including stroke.31 Further, miR-124 has been shown to participate in myocardial remodeling in
a number of cardiovascular diseases.32 Accumulating evidence exhibited that miR-124 is abnormally expressed in
peripheral blood and brain vascular endothelial cells following cerebral ischemia.33 In this study, the relative miR-124
expression was increased in ACI patients. The authors speculated that the elevated level of miR-124 might be associated
with ischemic hypoxia or subsequent inflammatory cascade after ACI. Expectedly, there were differences in miR-124
levels among groups with different infarct areas. The relative expression level of miR-124 in ACI patients with middle
and large infarct areas was significantly higher than that of those with small infarcts, and the miR-124 level in patients
with large infarct areas was significantly higher than that of those with middle infarcts. The serum level of miR-124
elevated with the increase of infarct area, which may be due to ACI-induced inflammation in blood vessels and nerves.
Thus, it is reasonable to infer that the miR-124 level might be a critical biomarker of ACI and could reflect the severity
of ACI.

Furthermore, we explored the predictive value of the CEUS parameters combined with the miR-124 expression level
in ACI. The results showed that the sensitivity was 71.67% and specificity was 90.00% of serum miR-124 levels in
predicting ACI with a cut-off value of 1.52, and the combined detection performed well in predicting ACI with an AUC
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of 0.812. Since carotid atherosclerotic plaques have the same pathological changes as ACI, some patients developed ACI
due to plaque shedding.34 Meanwhile, patients with ACI should be alert to the risk of secondary infarction caused by
plaque shedding. Thus, further understanding of the stability of atherosclerotic plaques is needed in patients with ACI. In
this study, the plaque grades were mainly grades 2 and 3 in patients with ACI; while the pure atherosclerotic patients
were mainly at grades 0 and grade 1, indicating that the plaque stability in ACI patients was poor. Pearson correlation
analysis showed that the intraplaque contrast enhancement was negatively related to TTP and MTT, but had a positive
correlation with PIR, AUC, and serum miR-124 levels, suggesting that CEUS parameters and serum miR-124 levels were
closely associated with instability of the plaque.

However, further research with a larger sample size is required to validate our results. Second, only the thickest
plaque was analyzed in patients with more than one separate plaque, which might not be the one causing symptoms.
Then, the authors did not collect the serum miR-124 levels at several time points. Finally, the study did not take into
account some important risk factors related to lifestyle, obesity, and aging, which will be studied in the future.

In conclusion, grades 2 and 3 intraplaque contrast enhancement and serum miR-124 level of 1.52 had high sensitivity
and specificity to predict ACI. Additionally, the combination of CEUS parameters with serum miR-124 level improved
the efficacy of predicting ACI.
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request.
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