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Objective: To assess the predictive significance of carotid artery contrast-
enhanced ultrasound (CEUS) combined with the triglyceride glucose index (TyG 
index) and low-density lipoprotein (LDL) to high-density Lipoprotein (HDL) ratio 
in patients with ischemic stroke (IS).
Methods: This study included 130 patients admitted to the hospital from June 
2021 to June 2023. All patients underwent carotid artery CEUS and were divided 
into two groups: the ischemic stroke group (IS, n = 73) and the non-ischemic 
stroke group (NIS, n = 57). Baseline characteristics of both groups were analyzed 
and compared to identify differences. Logistic regression analysis was performed 
to determine independent risk factors for IS. Receiver operating characteristic 
(ROC) curves were constructed to assess the predictive performance of CEUS 
classification, TyG index, LDL/HDL ratio, and their combination.
Results: Among the 130 patients, the IS group consisted of 73 individuals 
(53 males, 20 females), with an average age of 64.87 ± 10.55 years, while 
the NIS group included 57 patients (20 males, 37 females) with an average 
age of 63.12 ± 10.26 years. The IS group exhibited significantly higher CEUS 
classification, TyG index, and LDL/HDL ratio compared to the NIS group. Logistic 
regression analysis identified CEUS classification (OR 3.521, 95% CI 1.731–7.161, 
p = 0.001), TyG index (OR 3.851, 95% CI 1.129–13.142, p = 0.031), and LDL/HDL 
ratio (OR 2.957, 95% CI 1.321–6.622, p = 0.008) as independent risk factors for 
IS. The areas under the ROC Curve (AUC) for predicting IS were 0.871 for CEUS 
classification, 0.766 for TyG index, and 0.735 for LDL/HDL ratio. The combined 
application of these indicators yielded an AUC of 0.910, which was significantly 
higher than that of any single indicator.
Conclusion: CEUS classification, TyG index, and LDL/HDL ratio are useful 
predictors of IS. Their combined use significantly enhances predictive accuracy.
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Introduction

Stroke is a global health burden that jeopardizes human wellbeing and stands as the 
leading cause of mortality and disability worldwide (1). It is typically characterized by acute 
focal damage to the central nervous system caused by vascular causes, followed by neurological 
deficits. Stroke is broadly categorized into ischemic stroke (IS) and hemorrhagic stroke, with 
IS being the most prevalent form (2). IS is defined as an episode of neurological dysfunction 

OPEN ACCESS

EDITED BY

Vijay Sharma,  
National University of Singapore, Singapore

REVIEWED BY

Liu Mingyong,  
Capital Medical University, China
Shihua Shi,  
Friedrich Miescher Institute for Biomedical 
Research (FMI), Switzerland
Laurence Kristoffer Batino,  
Baguio General Hospital and Medical Center, 
Philippines

*CORRESPONDENCE

Huimin Niu  
 n13933855927@163.com

†These authors have contributed equally to 
this work

RECEIVED 05 July 2025
ACCEPTED 06 October 2025
PUBLISHED 30 October 2025

CITATION

Song X, Chen M, Wang X and Niu H (2025) 
Predictive value of carotid artery 
contrast-enhanced ultrasound combined 
with clinical indicators in ischemic stroke 
patients.
Front. Neurol. 16:1660031.
doi: 10.3389/fneur.2025.1660031

COPYRIGHT

© 2025 Song, Chen, Wang and Niu. This is an 
open-access article distributed under the 
terms of the Creative Commons Attribution 
License (CC BY). The use, distribution or 
reproduction in other forums is permitted, 
provided the original author(s) and the 
copyright owner(s) are credited and that the 
original publication in this journal is cited, in 
accordance with accepted academic 
practice. No use, distribution or reproduction 
is permitted which does not comply with 
these terms.

TYPE  Original Research
PUBLISHED  30 October 2025
DOI  10.3389/fneur.2025.1660031

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fneur.2025.1660031&domain=pdf&date_stamp=2025-10-30
https://www.frontiersin.org/articles/10.3389/fneur.2025.1660031/full
https://www.frontiersin.org/articles/10.3389/fneur.2025.1660031/full
https://www.frontiersin.org/articles/10.3389/fneur.2025.1660031/full
https://www.frontiersin.org/articles/10.3389/fneur.2025.1660031/full
mailto:n13933855927@163.com
https://doi.org/10.3389/fneur.2025.1660031
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://doi.org/10.3389/fneur.2025.1660031


Song et al.� 10.3389/fneur.2025.1660031

Frontiers in Neurology 02 frontiersin.org

resulting from focal cerebral, spinal cord, or retinal infarction (3). The 
early identification of risk factors that is therefore crucial for stroke 
prevention and management (4).

Atherosclerosis is a major cause of IS. The risk of IS lies not only 
in the narrowing of the carotid lumen caused by atherosclerotic 
plaques (5), but also in the stability of these plaques (6–8). Pelisek et al. 
(9) pointed out that intra-plaque neovascularization and inflammation 
are the two main features of vulnerable plaques, and plaque 
vulnerability increases the risk of stroke. Contrast-enhanced 
ultrasound (CEUS), a noninvasive imaging modality characterized by 
simplicity and high temporal and spatial resolution, can dynamically 
visualize the distribution and density of intraplaque neovascularization 
in real time and clearly delineate surface irregularities and ulcers on 
the plaque. This renders it valuable for assessing the stability of carotid 
artery plaques (10–12). However, the relationship between the degree 
of CEUS enhancement and IS requires further study.

Atherosclerotic diseases are also closely related to the levels of 
many biomarkers. The TyG index is calculated based on fasting 
triglyceride and fasting glucose levels. Studies have shown that an 
increase in the TyG index is associated with an increased risk of 
subclinical atherosclerosis, including coronary artery calcification and 
carotid plaque formation (13–15). Therefore, we speculate that the 
TyG index is also one of the risk factors for IS. Elevated low-density 
lipoprotein (LDL) levels and decreased high-density lipoprotein 
(HDL) levels are both considered risk factors for atherosclerosis and 
can be  used to predict the occurrence and development of 
atherosclerosis (16–19). Enomoto et  al. (20) conducted an 8-year 
epidemiological follow-up study and found that the LDL/HDL ratio 
is more valuable in predicting atherosclerosis than LDL or HDL alone. 
Therefore, the LDL/HDL ratio was selected to investigate its predictive 
utility for stroke.

In summary, both the TyG index and LDL/HDL ratio are 
intimately associated with the progression of carotid atherosclerosis, 
yet their correlation with IS remains inadequately explored. In this 
study, CEUS combined with the TyG index and LDL/HDL ratio is 
proposed to create a non-invasive prediction model. This model will 
integrate multimodal fusion of blood biomarkers (reflecting 
macroscopic metabolic derangements) and imaging parameters 
(reflecting microvascular function), synthesizing information across 
multiple pathophysiological (i.e., metabolism, lipid profile, vascular 
function), to enable a more comprehensive and precise stratification 
of IS risk. By analyzing the predictive value of CEUS combined with 
the TyG index and LDL/HDL for IS, new ideas and bases for the 
clinical prevention and treatment of IS are provided.

Methods

Patients

This retrospective study was approved by the Medical Ethics 
Committee of Hebei General Hospital, and the Institutional Review 
Board of this institution waived the requirement for informed consent. 
A retrospective analysis was conducted on 130 inpatients who 
underwent carotid artery Contrast-Enhanced Ultrasound (CEUS) in 
the Department of Ultrasound of Hebei General Hospital between 
June 2021 and June 2023. The inclusion criteria were: (1) age>40 years, 
(2) hospitalized patients with carotid plaque, (3) conscious patients 

capable of cooperating with carotid plaque ultrasonography, (4) 
completion of brain CT or MRI examinations. The exclusion criteria 
were: (1) extensive carotid plaque calcification, (2) hypersensitivity to 
ultrasond contrast agent, (3) diagnosis of malignant tumors, (4) severe 
malnutrition; and (5) comorbidity with other cerebrovascular 
disorders. All patients were stratified into the ischemic stroke group 
(IS group, n = 73) and the non-ischemic stroke group (NIS group, 
n = 57) based on their clinical manifestations and brain CT or MRI 
findings within 6 months.

Carotid artery CEUS

Ultrasound examinations were performed using a Siemens 
Acuson Sequoia color Doppler unit with an L9-3 probe. The contrast 
agent SonoVue (Bracco, Milan, Italy) was administered via an 
antecubital vein. Dynamic contrast-enhanced images were acquired 
to evaluate the distribution of the contrast agent within the plaque for 
CEUS classification. Plaques were classified as follows: Score 0: no 
intraplaque enhancement; score 1: punctate intraplaque enhancement; 
score 2: intermediate between scores 1–3, characterized punctate and 
1–2 short linear of enhancement within the plaque; score 3: linear 
intraplaque enhancement penetrating or involving the majority of the 
plaque, or visible signs of blood flow (21) (Figure 1). Standardization 
and Blinding Procedures: Plaque grading was independently 
conducted by two senior ultrasound physicians with substantial CEUS 
expertise. Both examiners were blinded to the clinical data and group 
assignment. In the event of discrepancies, consensus was achieved via 
discussion. This ensured standardized plaque evaluation and 
minimized assessment bias. The inter-rater agreement for plaque 
grading between the two independent raters was assessed using the 
Kappa statistic, which yielded a value of 0.76 (95% CI 0.70–0.86), 
indicating good agreement between the raters.

Collection of clinical indicators

Baseline characteristics and risk factors, including age, sex, 
hypertension, diabetes mellitus, smoking status, fasting glucose, 
fasting triglyceride, low-density lipoprotein (LDL), and high-density 
lipoprotein (HDL) levels, were collected. The TyG index was calculated 
using the formula: ln [fasting triglycerides (mg/dL) × fasting glucose 
(mg/dl)/2] (22).

Statistical analysis

All statistical analyses were performed using IBM SPSS Statistics 
(version 27.0). Continuous data are presented as mean ± standard 
deviation or median (interquartile range, P25 to P75) and were 
analyzed using the independent t-test or the Mann–Whitney U test. 
Categorical data are summarized as frequency (n) or percentage (%) 
and were compared using the chi-square test. Multicollinearity among 
predictors was assessed by calculating the variance inflation factor 
(VIF). Independent risk factors for IS were identified using 
multivariable Logistic regression The predictive performance of the 
CEUS classification combined with the TyG index and the LDL/HDL 
ratio for IS was evaluated using a receiver operating characteristic 
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curve (ROC). The Delong test was utilized to compare the areas under 
the ROC curves (AUCs) of the combined model and each single index 
model pairwise. A two-sided p-value of less than 0.05 was considered 
statistically significant.

Results

Univariate analysis

A total of 130 patients are enrolled, with 73 in the IS group and 
57 in the NIS group. The results of the univariate analysis comparing 
the two groups are presented in Table  1. Statistically significant 
differences (p < 0.05) were observed in sex (p < 0.01) and hypertension 
(p = 0.01), suggesting a higher prevalence of IS among male patients 
with hypertension. Furthermore, the IS group demonstrated 
significantly higher values for CEUS classification, the TyG index, and 
the LDL/HDL ratio compared to the NIS group (all p < 0.05). In 
contrast, no statistically significant differences were noted between the 
two groups regarding age (p = 0.343), diabetes (p = 0.184), or smoking 
history (p = 0.219).

Multivariate analysis

Multicollinearity analysis revealed that the VIF for all variables 
was belpw 2, indicating no significant collinearity and thereby 

confirming the statistical robustness and independence of the 
predictors. Sex, hypertension, CEUS classification, TyG index, and 
LDL/HDL ratio were included in the multifactorial logistic regression 

FIGURE 1

Standardized grading criteria for the degree of contrast enhancement within plaques on ultrasound: A Score 0: no intraplaque enhancement; B score 
1: punctate intraplaque enhancement; C score 2: intermediate between scores 1–3, characterized punctate and 1–2 short linear of enhancement 
within the plaque; D score 3: linear intraplaque enhancement, penetrating or involving the majority of the plaque, orvisible signs of blood flow.

TABLE 1  Comparison of characteristics between the IS group and the NIS 
group.

Lems IS (n = 73) NIS (n = 57) t/X2/z p

Age (year, mean 

± SD)
64.87 ± 10.55 63.12 ± 10.26 0.95 0.343

Male (n, %) 53(72.6%) 20(35.0%) 18.30 <0.01

Hypertension 

(n, %)
50(68.4%) 22(38.5%) 11.58 0.001

Diabetes (n, %) 28(38.3%) 16(28.0%) 1.76 0.184

Smoking (n, %) 30(41%) 17(29%) 1.12 0.219

TyG, Median 

(IQR)
8.75(8.32,9.00) 8.08(7.92,8.55) −5.41 <0.01

LDL/HDL, 

Median (IQR)
3.31(2.52,3.50) 2.29(1.91,2.68) −4.79 <0.01

CEUS (n, %) 59.34 <0.001

 � Grade 0 4(5.5%) 25(43.9%)

 � Grade 1 7(9.6%) 21(36.8%)

 � Grade 2 28(38.4%) 9(15.8%)

 � Grade 3 34(46.6%) 2(3.5%)
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analysis, with the occurrence of IS as the dependent variable. The 
results demonstrated that CEUS classification (OR 3.521, 95%CI 
1.731–7.161, p = 0.001), TyG index (OR 3.851, 95%CI 1.129–13.142, 
p = 0.031), and LDL/HDL ratio (OR 2.957, 95%CI 1.321–6.622, 
p = 0.008) were the independent risk factors for IS (Table 2).

Predictive efficacy

The areas under the ROC curve (AUC) for CEUS classification, 
the TyG index, the LDL/HDL ratio, and the combined model (CEUS 
classification+TyG index+LDL/HDL ratio) were 0.871 (95% CI 0.809–
0.933), 0.766 (95% CI 0.680–0.851), 0.735 (95% CI 0.647–0.822), 0.910 
(95% CI 0.862–0.958), respectively (Figure 2 and Table 3). The Delong 
test indicated statistically significant differences in the AUC values 
among these four models, suggesting that the combined application 
of these predictors yields superior performance compared to any 
single indicator alone (Table  4). Notably, the combined model 
exhibited higher sensitivity and specificity (0.867, 0.879) than CEUS 
classification alone (0.823, 0.846), the TyG index alone (0.741, 
0.728),or the LDL/HDL ratio alone (0.705, 0.712).

Discussion

Ischemic stroke (IS) is a prevalent stroke subtype with acute 
onset, rapid progression, and poor prognosis, highlighting the 
critical importance of early identification of high-risk patients (23). 
A growing body of evidence has confirmed that the rupture of 
vulnerable carotid plaques is a pivotal trigger for ischemic 
cerebrovascular events (6, 8). Extensive research has demonstrated 
that neovascularization within plaques is a robust predictor of IS 
in patients with carotid artery plaques (24–27). Currently, CEUS is 
the most widely used clinical method for assessing atherosclerosis 
and offers rapid imaging capabilities. It enables real-time dynamic 
observation of intra-plaque neovascularization via intravenous 
injection of microbubble-containing contrast agents. With 
technological advancement, CEUS has emerged as an increasingly 
favored ultrasound modality owing to its lack of radiation, renal 
safety (superior to CT/MRI contrast agents), and cost-effectiveness. 
Numerous studies have validated that CEUS classification 
correlates well with plaque microvessel density (MVD) and exhibits 
high specificity (28). Our findings show that CEUS classification is 
an independent risk factor for IS, with a significantly higher 
prevalence in the IS group than in the NIS group. Specifically, in 
the IS group, approximately 85.0% of patients had a CEUS 
classification of 2–3, a proportion notably higher than that in the 

NIS group. These results align with other studies (29, 30), 
collectively confirming the predictive value of CEUS classification 
for IS occurrence.

The TyG index, calculated from fasting glucose and fasting 
triglyceride levels, is recognized as a reliable indicator of insulin 
resistance (31, 32). Insulin resistance induces chronic inflammation and 
endothelial dysfunction, promoting foam cell formation, atherosclerosis, 
and the development of vulnerable plaques (33, 34). It has been 
established that a higher TyG index correlates with an increased 
incidence of cardiovascular disease and stroke (35, 36), and patients 
with IS exhibiting a higher TyG index face elevated risks of stroke 
recurrence and mortality (22, 37). The present study demonstrates that 
the TyG index in the IS group is significantly higher than that in the NIS 
group, which aligns with previous research findings (26, 38). Collectively, 
these results indicate that the TyG index is associated with an augmented 
risk of IS and serves as an independent risk factors for predicting IS.

The findings of this study suggest that the LDL/HDL ratio is a 
highly valuable indicator for predicting IS and constitutes an 
independent risk factors for IS occurrence, consistent with the research 
by Ciplak et al. (39). A number of existing studies have revealed that 
elevated cholesterol levels are closely linked to an increased risk of IS, 
and hypercholesterolemia is recognized as a modifiable vascular risk 
factors (40–42). LDL and HDL are the main lipoproteins responsible 
for cholesterol transport; elevated LDL and decreased HDL are crucial 
risk factors for IS (43). Another study has shown that the formation of 
carotid artery plaques increases with a rising LDL/HDL ratio (20) and 
that the LDL/ HDL ratio provides more information for predicting 
atherosclerosis than LDL or HDL alone, particularly in individuals 
with diabetes and dyslipidemia (44). Mechanistically, an increased 
LDL/HDL ratio may be associated with the formation of a necrotic 
core due to sustained lipid accumulation within plaques.

This study also identifies statistically significant differences 
between the two groups in terms of sex and hypertension, consistent 
with well-established studies. However, no statistically significant 
differences were observed in age, history of diabetes mellitus, or 
smoking history, which deviates from currently recognized clinical 
perspectives. This discrepancy is hypothesized to be related to the 
relatively small sample size of this study. Logistic regression analysis 
indicates that sex and hypertension were not independent risk factors 
for IS in our cohort, which is inconsistent with the results of some 
other studies (45, 46). Potential reasons may include that (1) the effect 
of sex may beconfounded by other risk factors, and (2) blood pressure 
instability might have influenced the assessment of hypertension. 
Nevertheless, these well-recognized risk factors still hold fundamental 
significance for the clinical identification of individuals at risk of IS.

Our study has several limitations: (1) It was conducted at a single 
center with a limited sample size, which may constrain the 

TABLE 2  Multivariate logistic regression analysis of influencing factors for IS.

Independent 
variable

β SE Wald p OR 95%CI

CEUS 1.259 0.362 12.074 0.001 3.521 1.731 7.161

TyG 1.348 0.626 4.636 0.031 3.851 1.129 13.142

LDL/HDL 1.084 0.411 6.951 0.008 2.957 1.321 6.622

Sex −0.936 0.577 2.632 0.105 0.392 0.127 1.215

Hypertension 0.712 0.636 1.251 0.263 2.038 0.585 7.091
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generalizability of the results. External validation via multi-center 
studies with larger cohorts is required. (2) The study population 
primarily consisted of Chinese participants. Given that multiple studies 
have documented differences in metabolic disease profiles, stroke 
subtypes, and vascular biology among different races (47, 48). Therefore, 
caution is required when extending the results to other racial groups. (3) 
Our dataset lacked information on potential confounding factors, such 
as statin use and antiplatelet drug administration. Additionally, fasting 
blood glucose and triglyceride levels could have been influenced by 

various interventions prior to hospital admission, a factor that could not 
be fully controlled in this study. These limitations may have introduced 
selection bias and affected the precision of the risk factor analysis. Future 
research should involvet larger-scale, multicenter studies to validate and 
refine the model, thereby enhancing its accuracy and general applicability.

Conclusion

CEUS classification, the TyG index, and the LDL/HDL ratio are 
independent risk factors for IS and demonstrate good predictive value. 
Their combined application can improve the sensitivity and specificity 
of IS prediction. Compared with serum indicators such as the TyG 
index and LDL/HDL ratio—which only reflect metabolic and lipid 
levels—CEUS offers irreplaceable advantages by providing real-time 
dynamic microcirculation information. Therefore, we propose that a 
combined model incorporating CEUS classification, the TyG index, 
and the LDL/HDL ratio holds potential as an effective tool for risk 
prediction in IS patients. This model offers a reliable basis for early 
identification of high-risk individuals, risk stratification, and 
personalized diagnosis and treatment strategies.

Data availability statement

The original contributions presented in the study are included in 
the article/supplementary material, further inquiries can be directed 
to the corresponding author.

FIGURE 2

ROC curve depicting the predictive efficacy of CEUS classification, TyG index, LDL/HDL ratio, CEUS classification+TyG index+ LDL/HDL ratio for IS.

TABLE 3  The predictive efficacy of each indicator for IS.

Targets AUC 95CI% Sensitivity Specificity

CEUS 0.871
0.809, 

0.933
0.823 0.846

TyG 0.766
0.680, 

0.851
0.741 0.728

LDL/HDL 0.735
0.647, 

0.822
0.705 0.712

Combination 0.910
0.862, 

0.958
0.867 0,879

TABLE 4  The result of delong test.

Comparison 
combination

CEUS TyG LDL/HDL

P(Delong test) 0.034 <0.001 <0.001

https://doi.org/10.3389/fneur.2025.1660031
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Song et al.� 10.3389/fneur.2025.1660031

Frontiers in Neurology 06 frontiersin.org

Ethics statement

The studies involving humans were approved by the Medical 
Ethics Committee of Hebei General Hospital. The studies were 
conducted in accordance with the local legislation and institutional 
requirements. Written informed consent from the patients/
participants or patients/participants' legal guardian/next of kin was 
not required to participate in this study in accordance with the 
national legislation and the institutional requirements.

Author contributions

XS: Writing – original draft, Data curation. MC: Writing – original 
draft, Data curation. XW: Writing  – review & editing, Project 
administration. HN: Methodology, Writing  – review & editing, 
Supervision, Resources, Funding acquisition.

Funding

The author(s) declare that no financial support was received for 
the research and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Generative AI statement

The authors declare that no Gen AI was used in the creation of 
this manuscript.

Any alternative text (alt text) provided alongside figures in this 
article has been generated by Frontiers with the support of artificial 
intelligence and reasonable efforts have been made to ensure accuracy, 
including review by the authors wherever possible. If you identify any 
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

References
	1.	GBD 2019 Stroke Collaborators. Global, regional, and national burden of stroke 

and its risk factors, 1990-2019: a systematic analysis for the global burden of disease 
study 2019. Lancet Neurol. (2021) 20:795–820. doi: 10.1016/S1474-4422(21)00252-0

	2.	Wu S, Wu B, Liu M, Chen Z, Wang W, Anderson CS, et al. Stroke in China: 
advances and challenges in epidemiology, prevention, and management. Lancet Neurol. 
(2019) 18:394–405. doi: 10.1016/S1474-4422(18)30500-3

	3.	Sacco RL, Kasner SE, Broderick JP, Caplan LR, Connors JJ, Culebras A, et al. An 
updated definition of stroke for the 21st century: a statement for healthcare professionals 
from the American Heart Association/American Stroke Association. Stroke. (2013) 
44:2064–89. doi: 10.1161/STR.0b013e318296aeca

	4.	Diener HC, Hankey GJ. Primary and secondary prevention of ischemic stroke and 
cerebral hemorrhage: JACC focus seminar. J Am Coll Cardiol. (2020) 75:1804–18. doi: 
10.1016/j.jacc.2019.12.072

	5.	Howard DPJ, Gaziano L, Rothwell PMOxford Vascular Study. Risk of stroke in 
relation to degree of asymptomatic carotid stenosis: a population-based cohort study, 
systematic review, and meta-analysis. Lancet Neurol. (2021) 20:193–202. doi: 
10.1016/S1474-4422(20)30484-1

	6.	Chang RW, Tucker LY, Rothenberg KA, Lancaster E, Faruqi RM, Kuang HC, et al. 
Incidence of ischemic stroke in patients with asymptomatic severe carotid stenosis 
without surgical intervention. JAMA. (2022) 327:1974–82. doi: 10.1001/jama.2022.4835

	7.	Xia J, Yin A, Li Z, Liu X, Peng X, Xie N. Quantitative analysis of lipid-rich necrotic 
Core in carotid atherosclerotic plaques by in vivo magnetic resonance imaging and 
clinical outcomes. Med Sci Monit. (2017) 23:2745–50. doi: 10.12659/msm.901864

	8.	Kopczak A, Schindler A, Sepp D, Bayer-Karpinska A, Malik R, Koch ML, et al. 
Complicated carotid artery plaques and risk of recurrent ischemic stroke or TIA. J 
Am Coll Cardiol. (2022) 79:2189–99. doi: 10.1016/j.jacc.2022.03.376

	9.	Pelisek J, Eckstein HH, Zernecke A. Pathophysiological mechanisms of carotid 
plaque vulnerability: impact on ischemic stroke. Arch Immunol Ther Exp. (2012) 
60:431–42. doi: 10.1007/s00005-012-0192-z

	10.	Hoyer UCI, Lennartz S, Abdullayev N, Fichter F, Jünger ST, Goertz L, et al. 
Imaging of the extracranial internal carotid artery in acute ischemic stroke: assessment 
of stenosis, plaques, and image quality using relaxation-enhanced angiography without 
contrast and triggering (REACT). Quant Imaging Med Surg. (2022) 12:3640–54. doi: 
10.21037/qims-21-1122

	11.	Jin ZY, Li J, Jiang Y, Li SY, Niu RL, Fu NQ, et al. Carotid plaque ultrasound 
combined with Essen stroke risk score to predict risk of ischemic stroke. Chin J 
Ultrasound Med. (2024) 40:1208–12. doi: 10.3969/j.issn.1002-0101.2024.11.003

	12.	Li JZ, Hua Y, Liu R, Yang J. Correlation between intra-plaque neovascularization 
detected by contrast-enhanced carotid ultrasound and symptomatic ischemic 
cerebrovascular disease. Chin J Cerebrovasc Dis. (2023) 20:90–5. doi: 
10.3969/j.issn.1672-5921.2023.02.003

	13.	Park K, Kim JH, Lee S, Yu-Sik K, Nam JS, Kang S, et al. Elevated TyG index 
predicts progression of coronary artery calcifcation. Diabetes Care. (2019) 42:1569–73. 
doi: 10.2337/dc18-1920

	14.	Huang W, Wang H, Shen Z, Wang X, Yu X. Association between TyG index and 
risk of carotid atherosclerosis in NAFLD patients: a retrospective cohort study. Front 
Endocrinol (Lausanne). (2024) 15:1448359. doi: 10.3389/fendo.2024.1448359

	15.	Miao M, Zhou G, Bao A, Sun Y, Du H, Song L, et al. Triglyceride-glucose index 
and common carotid artery intima-media thickness in patients with ischemic stroke. 
Cardiovasc Diabetol. (2022) 21:43. doi: 10.1186/s12933-022-01472-1

	16.	Rafieian-Kopaei M, Setorki M, Doudi M, Baradaran A, Nasri H. Atherosclerosis: 
process, indicators, risk factors and new hopes. Int. J Prev Med. (2014) 8:927–46.

	17.	Mitra S, Goyal T, Mehta JL. Oxidized LDL, LOX-1 and atherosclerosis. Cardiovasc 
Drugs Ther. (2011) 5:419–29. doi: 10.1007/s10557-011-6341-5

	18.	Weber C, Noels H. Atherosclerosis: current pathogenesis and therapeutic options. 
Nat Med. (2011) 17:1410–22. doi: 10.1038/nm.2538

	19.	Owen DR, Lindsay AC, Choudhury RP, Fayad ZA. Imaging of atherosclerosis. 
Annu Rev Med. (2011) 62:25–40. doi: 10.1146/annurev-med-041709-133809

	20.	Enomoto M, Adachi H, Hirai Y, Fukami A, Satoh A, Otsuka M, et al. LDL-C/
HDL-C ratio predicts carotid intima-media thickness progression better than HDL-C 
or LDL-C alone. Lipids. (2011) 2011:549137. doi: 10.1155/2011/549137

	21.	Motoyama R, Saito K, Tonomura S, Ishibashi-Ueda H, Yamagami H, Kataoka H, 
et al. Utility of complementary magnetic resonance plaque imaging and contrast-
enhanced ultrasound to detect carotid vulnerable plaques. J Am Heart Assoc. (2019) 
8:e011302. doi: 10.1161/JAHA.118.011302

	22.	Zhou Y, Pan Y, Yan H, Wang Y, Li Z, Zhao X, et al. Triglyceride glucose index and 
prognosis of patients with ischemic stroke. Front Neurol. (2020) 11:456. doi: 
10.3389/fneur.2020.00456

	23.	Feng XL, Li W, Chen LJ. Correlation of serum TIM-3 and GATA-3 with 
intracranial plaque stability in ischemic stroke.China journal of. Mod Med. (2024) 
34:1–7. doi: 10.3969/j.issn.1005-8982.2024.03.001

	24.	Camps-Renom P, Prats-Sánchez L, Casoni F, González-de-Echávarri JM, Marrero-
González P, Castrillón I, et al. Plaque neovascularization detected with contrast-

https://doi.org/10.3389/fneur.2025.1660031
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1016/S1474-4422(21)00252-0
https://doi.org/10.1016/S1474-4422(18)30500-3
https://doi.org/10.1161/STR.0b013e318296aeca
https://doi.org/10.1016/j.jacc.2019.12.072
https://doi.org/10.1016/S1474-4422(20)30484-1
https://doi.org/10.1001/jama.2022.4835
https://doi.org/10.12659/msm.901864
https://doi.org/10.1016/j.jacc.2022.03.376
https://doi.org/10.1007/s00005-012-0192-z
https://doi.org/10.21037/qims-21-1122
https://doi.org/10.3969/j.issn.1002-0101.2024.11.003
https://doi.org/10.3969/j.issn.1672-5921.2023.02.003
https://doi.org/10.2337/dc18-1920
https://doi.org/10.3389/fendo.2024.1448359
https://doi.org/10.1186/s12933-022-01472-1
https://doi.org/10.1007/s10557-011-6341-5
https://doi.org/10.1038/nm.2538
https://doi.org/10.1146/annurev-med-041709-133809
https://doi.org/10.1155/2011/549137
https://doi.org/10.1161/JAHA.118.011302
https://doi.org/10.3389/fneur.2020.00456
https://doi.org/10.3969/j.issn.1005-8982.2024.03.001


Song et al.� 10.3389/fneur.2025.1660031

Frontiers in Neurology 07 frontiersin.org

enhanced ultrasound predicts ischaemic stroke recurrence in patients with carotid 
atherosclerosis. Eur J Neurol. (2020) 27:809–16. doi: 10.1111/ene.14157

	25.	Mantella LE, Colledanchise KN, Hétu MF, Feinstein SB, Abunassar J, Johri AM. 
Carotid intraplaque neovascularization predicts coronary artery disease and 
cardiovascular events. Eur Heart J Cardiovasc Imaging. (2019) 20:1239–47. doi: 
10.1093/ehjci/jez070

	26.	Staub D, Patel MB, Tibrewala A, Ludden D, Johnson M, Espinosa P, et al. Vasa 
vasorum and plaque neovascularization on contrast-enhanced carotid ultrasound 
imaging correlates with cardiovascular disease and past cardiovascular events. Stroke. 
(2010) 41:41–7. doi: 10.1161/STROKEAHA.109.560342

	27.	Dabravolski SA, Markin AM, Andreeva ER, Eremin II, Orekhov AN, Melnichenko 
AA. Molecular mechanisms underlying pathological and therapeutic roles of pericytes 
in atherosclerosis. Int J Mol Sci. (2022) 23:11663. doi: 10.3390/ijms231911663

	28.	Vavuranakis M, Sigala F, Vrachatis DA, Papaioannou TG, Filis K, Kavantzas N, 
et al. Quantitative analysis of carotid plaque vasa vasorum by CEUS and correlation with 
histology after endarterectomy. Vasa. (2013) 42:184–95. doi: 10.1024/0301-1526/a000267

	29.	Cui L, Xing Y, Wang L, Liu K, Chen H, Li C, et al. Carotid intraplaque 
neovascularization and future vascular events in patients with asymptomatic carotid 
stenosis. Front Pharmacol. (2022) 13:804–10. doi: 10.3389/fphar.2022.804810

	30.	Huang W, Nie WQ, Li XQ, Wang D, Wu X, Hao YJ. Correlation between CEUS 
enhanced pattern of carotid artery plaque and stroke in TIA patients. Chin J Ultrasound 
Med. (2022) 38:121–4. doi: 10.3969/j.issn.1002-0101.2022.02.001

	31.	Jeong S, Lee JH. The verification of the reliability of a triglyceride-glucose index 
and its availability as an advanced tool. Metabolomics. (2021) 17:97. doi: 
10.1007/s11306-021-01837-9

	32.	Ahn SH, Lee JH, Lee JW. Inverse association between triglyceride glucose index 
and muscle mass in Korean adults: 2008-2011 KNHANES. Lipids Health Dis. (2020) 
19:243. doi: 10.1186/s12944-020-01414-4

	33.	Jenny NS, Callas PW, Judd SE, McClure LA, Kissela B, Zakai NA, et al. 
Inflammatory cytokines and ischemic stroke risk: the REGARDS cohort. Neurology. 
(2019) 92:e2375–84. doi: 10.1212/WNL.0000000000007416

	34.	Di Pino A, Defronzo RA. Insulin resistance and atherosclerosis: implications for 
insulin-sensitizing agents. Endocr Rev. (2019) 40:1447–67. doi: 10.1210/er.2018-00141

	35.	Hong S, Han K, Park CY. The triglyceride glucose index is a simple and low-cost 
marker associated with atherosclerotic cardiovascular disease: a population-based study. 
BMC Med. (2020) 18:361. doi: 10.1186/s12916-020-01824-2

	36.	Ding X, Wang X, Wu J, Zhang M, Cui M. Triglyceride-glucose index and the 
incidence of atherosclerotic cardiovascular diseases: a meta-analysis of cohort studies. 
Cardiovasc Diabetol. (2021) 20:76. doi: 10.1186/s12933-021-01268-9

	37.	Yang Y, Huang X, Wang Y, Leng L, Xu J, Feng L, et al. The impact of triglyceride-
glucose index on ischemic stroke: a systematic review and meta-analysis. Cardiovasc 
Diabetol. (2023) 22:2. doi: 10.1186/s12933-022-01732-0

	38.	Katakami N, Matsuoka TA, Shimomura I. Clinical utility of carotid 
ultrasonography: application for the management of patients with diabetes. J Diabetes 
Investig. (2019) 10:883–98. doi: 10.1111/jdi.13042

	39.	Ciplak S, Adiguzel A, Deniz YZ, Aba M, Ozturk U. The role of the low-density 
lipoprotein/high-density lipoprotein cholesterol ratio as an atherogenic risk factor in 
young adults with ischemic stroke: a case-control study. Brain Sci. (2023) 13:1180. doi: 
10.3390/brainsci13081180

	40.	Goeggel Simonetti B, Mono ML, Huynh-Do U, Michel P, Odier C, Sztajzel R, et al. 
Risk factors, aetiology and outcome of ischaemic stroke in young adults: the Swiss young 
stroke study (SYSS). J Neurol. (2016) 263:199–200. doi: 10.1007/s00415-015-7977-z

	41.	Ciarambino T, Crispino P, Mastrolorenzo E, Viceconti A, Giordano M. Stroke and 
etiopathogenesis: what is known? Genes (Basel). (2022) 13:978. doi: 
10.3390/genes13060978

	42.	Kurth T, Everett BM, Buring JE, Kase CS, Ridker PM, Gaziano JM. Lipid levels and 
the risk of ischemic stroke in women. Neurology. (2007) 68:556–62. doi: 
10.1212/01.wnl.0000254472.41810.0d

	43.	Lee JS, Chang PY, Zhang Y, Kizer JR, Best LG, Howard BV. Triglyceride and 
HDL-C Dyslipidemia and risks of coronary heart disease and ischemic stroke by 
Glycemic dysregulation status: the strong heart study. Diabetes Care. (2017) 40:529–37. 
doi: 10.2337/dc16-1958

	44.	Wu Z, Li X, Wen Q, Tao B, Qiu B, Zhang Q, et al. Serum LDL-C/HDL-C ratio and 
the risk of carotid plaques: a longitudinal study. BMC Cardiovasc Disord. (2022) 22:501. 
doi: 10.1186/s12872-022-02942-w

	45.	Sun YF, Pan XF, Jia XD, Liu L, Zhang B. Multimodal ultrasonography combined 
with clinical data for predicting ischemic stroke or recurrence of transient ischemic 
attack in patients with carotid atherosclerosis. Chin J Med Imag Technol. (2022) 38:53–8. 
doi: 10.13929/j.issn.1003-3289.2022.01.013

	46.	Huang J. The application value of carotid artery plaque contrast-enhanced 
ultrasound combined with clinical data in accurate prediction of ischemic stroke risk. 
Image Technol. (2024) 3:39. doi: 10.3969/j.issn.1001-0270.2024.05.006

	47.	Hong C, Pencina MJ, Wojdyla DM, Hall JL, Judd SE, Cary M, et al. Predictive 
accuracy of stroke risk prediction models across black and white race, sex, and age 
groups. JAMA. (2023) 329:306–17. doi: 10.1001/jama.2022.24683

	48.	Cao Q, Zheng R, He R, Wang T, Xu M, Lu J, et al. Age-specific prevalence, subtypes 
and risk factors of metabolic diseases in Chinese adults and the different patterns from 
other racial/ethnic populations. BMC Public Health. (2022) 22:2078. doi: 
10.1186/s12889-022-14555-1

https://doi.org/10.3389/fneur.2025.1660031
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1111/ene.14157
https://doi.org/10.1093/ehjci/jez070
https://doi.org/10.1161/STROKEAHA.109.560342
https://doi.org/10.3390/ijms231911663
https://doi.org/10.1024/0301-1526/a000267
https://doi.org/10.3389/fphar.2022.804810
https://doi.org/10.3969/j.issn.1002-0101.2022.02.001
https://doi.org/10.1007/s11306-021-01837-9
https://doi.org/10.1186/s12944-020-01414-4
https://doi.org/10.1212/WNL.0000000000007416
https://doi.org/10.1210/er.2018-00141
https://doi.org/10.1186/s12916-020-01824-2
https://doi.org/10.1186/s12933-021-01268-9
https://doi.org/10.1186/s12933-022-01732-0
https://doi.org/10.1111/jdi.13042
https://doi.org/10.3390/brainsci13081180
https://doi.org/10.1007/s00415-015-7977-z
https://doi.org/10.3390/genes13060978
https://doi.org/10.1212/01.wnl.0000254472.41810.0d
https://doi.org/10.2337/dc16-1958
https://doi.org/10.1186/s12872-022-02942-w
https://doi.org/10.13929/j.issn.1003-3289.2022.01.013
https://doi.org/10.3969/j.issn.1001-0270.2024.05.006
https://doi.org/10.1001/jama.2022.24683
https://doi.org/10.1186/s12889-022-14555-1

	Predictive value of carotid artery contrast-enhanced ultrasound combined with clinical indicators in ischemic stroke patients
	Introduction
	Methods
	Patients
	Carotid artery CEUS
	Collection of clinical indicators
	Statistical analysis

	Results
	Univariate analysis
	Multivariate analysis
	Predictive efficacy

	Discussion
	Conclusion

	References

