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Background: Stroke has the highest individual disability rate of all ischemic cardiovascular diseases. 
Thus, the early identification of its risk factors are crucial to reduce its incidence and improve unfavorable 
prognoses. This study investigated the value of the most reliable predictors of ischemic stroke by 
comprehensively scanning the internal carotid artery system and vertebrobasilar artery system using 
integrated cervicocerebral ultrasound (ICCUS).
Methods: Patients who had undergone ICCUS scanning and who had recently had a non-cardiac ischemic 
stroke (<30 days) were prospectively included in this study. Relevant ICCUS parameters were recorded for 
the carotid, vertebral, subclavian, and intracranial arteries, and intracranial collaterals. The independent 
predictors of ischemic stroke were examined by multivariate logistic regression analysis. The receiver 
operating characteristic curves and area under the curve (AUC) were used to evaluate the predictive effects.
Results: From July 2023 to April 2024, 127 patients were included in the final analysis, of whom, 42 had 
suffered a stroke and 85 had not suffered a stroke. The multivariate logistic regression analysis showed that 
the presence of intraplaque hemorrhage (IPH), multiple stenoses in the anterior and posterior cerebral 
arteries, and opening of the anterior communicating artery within the cerebral collateral on ICCUS scanning 
were independent predictors of ischemic stroke (all P<0.05). The corresponding odds ratios for these factors 
were 5.20, 21.63, 19.87, and 4.58, respectively, and the AUC was 0.802 (95% confidence interval: 0.71–0.89, 
P<0.001). In addition, if the IPH predictor for cervical vessels was combined with any of the one to three 
predictors for the intracranial vessels, the combined the diagnostic accuracies progressively increased to 
68.1–71.4%, 74.5–76.0%, and 80.2%, respectively.
Conclusions: This study used ICCUS, a comprehensive, accurate, and efficient ultrasound technology, 
to identify more reliable independent predictors of ischemic stroke. Our findings may guide the early 
prevention and timely treatment of patients.
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Introduction

Ischemic cardiovascular disease, which includes coronary 
heart disease and stroke, continues to be the leading cause 
of morbidity and mortality worldwide (1). Among these 
diseases, stroke has the highest single-disease disability rate. 
Based on the current status of domestic and international 
research, stroke is preventable and controllable (2,3). 
Therefore, the early detection of stroke risk factors, which 
will facilitate timely, active, and effective interventions, 
is essential to reduce the incidence of stroke and poor 
neurological prognoses (e.g., hemisensory syndrome and 
mild dysarthria) (4).

Cervical vascular anomalies and intracranial artery 
stenosis or occlusion are prevalent etiological factors 
in ischemic stroke (5). The Carotid Artery System and 
the Vertebrobasilar Artery System are connected, and 
together, participate in the blood supply of brain tissue. 
To date, most studies have focused on the effects of 
internal carotid artery (ICA) stenosis, carotid plaque, 
and intracranial stenosis on stroke. However, there is 
a paucity of studies comprehensively analyzing these 
two systems as an integrated entity. The accurate and 
comprehensive assessment of the Carotid Artery System 
and Vertebrobasilar Artery System is key to preventing 
stroke, and the two systems should not be separated.

Further, in cases of acute stroke, cerebral collateral 
circulation serves as the most prompt safeguard against 
ischemic brain injury by facilitating persistent perfusion 
to regions beyond the occluded intracranial artery 
via alternative vascular pathways. Adequate collateral 
circulation enhances the survival of brain tissue in the 
compromised vascular area, consequently restricting the 
extent of the infarct core. The crucial role of optimal 
collateral flow in facilitating favorable clinical outcomes is 
now broadly acknowledged in medical practice.

Integrated cervicocerebral ultrasound (ICCUS) is a 
combination of both cervical duplex ultrasonography 
and transcranial color-coded duplex sonography. It 
has significant advantages in the early screening and 
assessment of ischemic stroke. Notably, it can be used to 
comprehensively assess the vascular hemodynamics of 
the Carotid Artery System and the Vertebrobasilar Artery 
System, and in the qualitative and quantitative analysis of 
lesions (5,6). Compared to traditional imaging modalities, 
such as computed tomography (CT) angiography, 
digital subtraction angiography, and magnetic resonance 
angiography (MRA), it has a number advantages (e.g., it is 
non-invasive, rapid, convenient, and cost effective).

This study performed comprehensive scans of the 
Carotid Artery Systemand the Vertebrobasilar Artery 
System using ICCUS to explore the predictive factors for 
the occurrence of ischemic stroke, and to identify valuable 
imaging features to guide clinical decision making. We 
present this article in accordance with the STROBE 
reporting checklist (available at https://qims.amegroups.
com/article/view/10.21037/qims-24-1763/rc).

Methods

Patients

Between July 2023 and April 2024, this observational (non-
interventional) study prospectively enrolled patients who 
had undergone ICCUS scanning and who had recently 
suffered from an ischemic stroke (<30 days). ICCUS is an 
ultrasound technique that can be used to comprehensively 
scan the Carotid Artery System and the Vertebrobasilar 
Artery System. Ischemic stroke was defined as a focal 
neurological deficit lasting more than 24 hours, with 
CT and/or magnetic resonance imaging (MRI) evidence 
of cerebral infarction (7). The study was conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013). The study was approved by the Institutional Board 
of Beijing Tiantan Hospital, Capital Medical University 
(approval No. KY2022-015-04), and informed consent was 
obtained from all individual participants.

To be eligible for inclusion in the study, the patients 
had to meet the following inclusion criteria: (I) have 
suffered from an anterior circulation ischemic stroke 
within 30 days; and (II) have CT and/or MRI evidence 
of cerebral infarction. Patients were excluded from the 
study if they met any of the following exclusion criteria: 
(I) had a prior history of radiotherapy to the neck; (II) 
had a diagnosis of cardiogenic stroke, lacunar stroke, or 
cryptogenic stroke based on the TOAST classification; (III) 
had impaired consciousness preventing their cooperation 
in the completion of ultrasound examination; (IV) had 
inadequate quality or non-measurable ultrasound images 
due to the presence of calcified plaques causing extensive 
acoustic shadowing; (V) had a prior history of carotid 
endarterectomy or carotid stenting; and/or (VI) declined to 
participate in the study 

Instruments and methods

The ultrasound images were acquired by a sonographer 
with over 20 years of experience and analyzed by two 
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physicians, each with more than 5 years of experience, using 
a double-blind method. Ultrasound equipment (Epiq 7, 
Philips Healthcare, Amsterdam, Netherlands) and a phased 
array probe with transducer frequencies of 1.0–5.0 and 5–14 
MHz were used. For the comprehensive scanning of the 
cervical and intracranial vasculature, each patient was placed 
in a supine position, with a thin pillow supporting their 
neck to optimally expose the head and neck area.

Baseline information

Using a blinded approach, the following information was 
gathered: (I) demographic data, including age and gender; (II) 
medical history, including hypertension, diabetes mellitus, 
dyslipidemia, prior ischemic cerebrovascular accidents, 
and coronary artery disease; (III) history of smoking and 
alcohol consumption; (IV) history of substance use; (V) 
anthropometric data, including height, weight, and body 
mass index; and (VI) ischemic cerebrovascular event etiology.

ICCUS scanning of the cervical artery

The observational indicators of the bilateral carotid artery 
(CA), vertebral artery (VA), and subclavian artery (SA) 
included: plaque thickness and length, plaque echogenicity, 
plaque surface morphology, plaque composition [i.e., 
intraplaque hemorrhage (IPH), lipid-rich necrotic core 
(LRNC), and calcification], stenosis number, lateral 
stenosis, stenosis location, and stenosis degree. For patients 
with multiple carotid plaques and stenoses, the largest 
plaque and stenosis were collected.

The echogenicity of the plaques was categorized 
based on grayscale ultrasound imagery as follows: type 1, 
homogeneous hypoechoic; type 2, hypoechoic predominant; 
type 3, hyperechoic predominant; and type 4, homogeneous 
hyperechoic (8,9). Plaque ulceration was defined as the 
presence of an echogenic defect (at least 2 mm × 2 mm) on 
the plaque surface with colored flow signal filling visible on 
color Doppler flow imaging (CDFI) (10). IPH was defined 
as the presence of an anechoic zone in the plaque (11). The 
LRNC was defined as the presence of a hypoechoic zone in 
the plaque. Calcification was defined as calcium deposits in 
the plaque, manifesting as hyperechoic areas with weak or 
insignificant acoustic shadows. The degree of ICA stenosis 
was determined using the North American Symptomatic 
Carotid Endarterectomy Trial criteria (12) (Table S1). VA 
stenosis and SA stenosis were assessed as per the criteria in 
the Chinese Guidelines for Vascular Ultrasound Detection 

of Stroke (13-15) (Tables S2-S4).

ICCUS scanning of the intracranial artery

Abnormal indicators of the following vessels were collected: 
anterior cerebral artery (ACA), middle cerebral artery 
(MCA), posterior cerebral artery (PCA), terminal internal 
carotid artery (TICA), carotid siphon (CS), vertebral artery 
V4 (VA-V4), basilar artery (BA), and the opening of the 
cerebral collaterals, including the anterior communicating 
artery (AComA), posterior communicating artery (PComA), 
ophthalmic artery (OA), leptomeningeal collaterals (LMCs), 
and neovascularization.

The criteria in the Chinese Guidelines for Vascular 
Ultrasound in Stroke and the Chinese Guidelines for the 
Clinical Application of Cerebrovascular Ultrasound for 
intracranial artery stenosis and cerebral collaterals opening 
were used in this study (13,16). Intracranial artery stenosis 
(≥50%) was diagnosed if the CDFI showed the thinning of 
localized blood flow bundles and colorful mosaic-like blood 
flow signals. Pulse Wave (PW) Doppler demonstrates an 
elevated blood flow velocity at the stenotic segment, while 
distal to the stenosis, velocities may remain within normal 
limits, exhibit mild reduction, or demonstrate a significant 
decrease. Compensatory hemodynamic augmentation is 
observed in adjacent arterial pathways. The opening of 
the following cerebral collaterals presented as follows: (I) 
AComA: the affected side of the ACA showed a reversed 
flow signal with compensatory increased blood flow velocity 
in the contralateral ACA, and the compression of the 
contralateral common CA resulted in decreased blood flow 
velocity in both the affected MCA and ACA; (II) PComA: 
the PCA flow velocity in the affected side was elevated, 
and had a higher Pulsatility Index (PI) than the ipsilateral 
MCA and ACA, but a lower PI than the contralateral 
PCA. This elevation increased when compressing the 
healthy common CA, but only if the AComA was open. 
If not, the compression test was ineffective; (III) OA: in 
PW Doppler, it is manifested as reverse or biphasic blood 
flow signals, and had a low-velocity, low-resistance blood 
flow signal; (IV) LMCs: the ACA or PCA had a high-
velocity, low-resistance flow diversion blood flow signa (17); 
and (V) neovascularization: the breath-holding test was 
employed to assess cerebrovascular reactivity, which reflects 
the compensatory capacity of the cerebral vasculature, 
thus indirectly indicating tertiary collateral circulation 
function. Patients were instructed to hold their breath for 
30 seconds, and bilateral MCA blood flow velocities were 
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monitored. The breath-holding duration, pre-breath-hold 
baseline mean blood flow velocity (Vm baseline), and post-
breath-hold mean blood flow velocity (Vm post-breath-
hold) were recorded to compute the breath-holding index 
(BHI). A BHI <0.69 indicated an abnormality, and a BHI 
≥0.69 indicated neovascularization opening and adequate 
tertiary collateral circulation compensation. The BHI was 
calculated as follows: BHI = (Vm post-breath-hold – Vm baseline)/ 
(Vm baseline × breath-holding duration).

Statistical analysis

SPSS 21.0 software was used for the statistical analysis. The 
continuous variables are expressed as the mean ± standard 
deviation, and the t-test or the Mann-Whitney U test was 
used to compare groups. The χ2 test or Fisher’s exact test 
was used to compare the classification variables. A forward 
stepwise approach was employed to conduct the multivariate 
logistic regression analysis to examine the association 
between the ICCUS risk biomarkers and ischemic stroke 
to identify independent predictors of ischemic stroke. The 
predictive performance was assessed through the application 
of the receiver operating characteristic (ROC) curves and 
the area under the curve (AUC). Statistical significance 
was defined as a P value <0.05. The overall sample size 
was assessed as 5–10 times the number of variables in 

the multifactor logistic regression analysis. Patients with 
missing data were not included in the study.

Results

Univariate analysis

Patient characteristics
From July 2023 to April 2024, 289 patients who underwent 
ICCUS examinations were included in the study. Of these 
patients, 162 were excluded (4 for CA entrapment, 15 for 
aortitis, 8 for intracranial aneurysm, 1 for smog disease, 
1 for myofibrillar dysplasia, 2 for intracranial vascular 
balloon dilatation, 2 for cerebral hemorrhage, 30 for carotid 
endarterectomy or carotid stenting, and 99 for incomplete 
clinical information). Thus, ultimately, 127 patients with 
complete clinical and ultrasound data were included in 
the analysis. Of these patients, 96 (75.6%) were male and 
31 (24.4%) were female. The patients had a mean age of 
64.1±8.4 years. CAs showed stenosis in 114 patients and 
plaque in 119 patients. VAs showed stenosis in 30 patients 
and plaque in 29 patients. SAs showed stenosis in 46 patients 
and plaque in 116 patients. The intracranial arteries showed 
stenosis in 77 patients and open collateral circulation in 94 
patients. Table 1 displays the baseline characteristics of the 
patients. In this study, sex, dyslipidemia, and a history of 
ischemic cerebrovascular events were statistically significantly 

Table 1 Baseline characteristics of the included patients

Variables Stroke group Non-stroke group χ2/t/Z P

Age (years), mean ± SD 64.10±9.41 64.07±7.95 –0.33 0.745

Sex (male) 38 58 7.54 0.008*

Body mass index (kg/m2), mean ± SD 24.89±3.28 24.13±2.93 0.42 0.520

Smoking history 18 35 0.03 >0.99

Alcohol drinking history 16 23 1.61 0.225

Hypertension 32 58 0.86 0.411

Diabetes mellitus 15 25 0.52 0.544

Dyslipidemia 15 47 4.31 0.041*

History of stroke 13 12 5.04 0.033*

Coronary heart disease 7 17 0.20 0.811

Anti-platelet drugs 18 41 0.33 0.578

Anti-hypertensive 27 53 0.05 >0.99

Statin 17 45 1.75 0.194

*, P<0.05. χ2, Chi-square test; t, Student’s t-test; Z, Z-test; SD, standard deviation. 
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associated with ischemic stroke (all P<0.05) (Figure 1).

CA
The average thickness and length of the CA plaques were 
3.8±1.3 and 22.8±13.0 mm, respectively. IPH and plaque 
echogenicity were significantly associated with ischemic 
stroke (P=0.001, P=0.048, respectively). In relation to the 
CAs, 1 patient had <50% stenosis, 23 patients had 50–69% 
stenosis, 72 patients had 70–99% stenosis, 17 patients had 
occlusions, and 14 patients had no stenosis. A statistically 
significant difference was observed between the non-
stenotic, non-occlusive (0–99% stenosis) and occlusive 
groups (P=0.043) (Table S5).

VA
The average thickness and length of the VA plaques were 
0.5±1.0 and 1.6±3.5 mm, respectively. In relation to the 
VAs, 5 patients had <50% stenosis, 12 patients had 50–69% 
stenosis, 8 patients had 70–99% stenosis, 5 patients had 
occlusions, and 97 patients had no stenosis (Table S6).

SA
The average thickness and length of the SA plaques were 
3.0±1.3 and 12.7±7.0 mm, respectively. In relation to the 
SAs, 3 patients had <50% stenosis, 37 patients had 50–69% 
stenosis, 5 patients had 70–99% stenosis, 1 patient had an 
occlusion, and 81 patients had no stenosis (Table S7).

Intracranial arteries
Stenosis was present in the intracranial arteries of 77 

patients, and open collateral circulation was observed in 
94 patients. In ICCUS scanning, ACA, PCA, and TICA 
multiple stenosis, as well as lateralization of the stenoses, 
were statistically different from ischemic stroke. The VA-
V4 multiple stenoses were also statistically different from 
ischemic stroke (all P<0.05). No statistically significant 
difference was found between stenoses of the MCA and BA, 
and ischemic stroke (Table S8).

The opening of the AComA and OA in the cerebral 
collaterals was associated with the occurrence of ischemic 
stroke. The neovascularization and number of LMCs 
were not statistically different from the occurrence of 
stroke. However, the occurrence of stroke was found to 
be associated with the total number of cerebral collaterals. 
The total number of cerebral collaterals predicted stroke 
occurrence with an AUC of 0.635 [95% confidence interval 
(CI): 0.534–0.736, P=0.014]. Thus, the number of total 
cerebral collaterals can be used to predict the occurrence 
of ischemic stroke with a certain degree of accuracy. 
Further analysis revealed that the optimal cut-off value 
for the number of total cerebral collaterals was 2.5, with a 
sensitivity of 45.2% and a specificity of 76.5%. The total 
number of cerebral collaterals was subsequently categorized 
using cut-off values by ≤2 and >2, and the results remained 
statistically different after categorization (P=0.021).

Multifactorial logistic regression analysis

The factors with P values <0.1 in the univariate analysis 
were considered independent variables (Table 2). The 

289 patients with ICCUS who had a recent 
(<30 days) noncardiac ischemic stroke from 

July 2023 to April 2024

162 patients were excluded:
•	Carotid artery entrapment (n=4)
•	Aortitis (n=15)
•	Intracranial aneurysm (n=8)
•	Smog disease (n=1)
•	Myofibrillar dysplasia (n=1)
•	Intracranial vascular balloon dilatation (n=2)
•	Cerebral hemorrhage (n=2)
•	Carotid endarterectomy or carotid stenting (n=30)
•	Cases with incomplete clinical information (n=99)

127 patients were included in the study 
analysis

Figure 1 Study flow chart. ICCUS, integrated cervicocerebral ultrasound.
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multivariate logistic regression analysis showed that 
ischemic stroke was positively correlated with IPH, multiple 
stenoses of the ACA and PCA, and the opening of AComA 
in the cerebral collaterals (all P<0.05) as detected by ICCUS 
(Table 3 and Figure 2). The predictive accuracy of a model 
that combined multiple parameters was examined, and it 
had an AUC of 0.802 (95% CI: 0.71–0.89, P<0.001). Thus, 
the above-mentioned ICCUS parameters were found to 
be independent predictors of ischemic stroke and showed 
favorable diagnostic performance (Figure 3). In addition, 
if the IPH predictor for cervical vessels was combined 
with any of the one to three predictors for the intracranial 
vessels, the diagnostic accuracies increased progressively to 
68.1–71.4%, 74.5–76.0%, and 80.2%, respectively (Table 4).

Discussion

Carotid plaque size and the carotid stenosis it causes 
are popular research topics in ischemic cardiovascular  
disease (18). Our univariate analysis showed that carotid 
plaque thickness was associated with the occurrence of 
ischemic stroke; however, in the multivariate analysis, there 
was no statistical difference. Following improvements in 
the ability to image atherosclerosis in vivo, particularly 
using MRI, research has shown that atherosclerotic plaque 
susceptibility is more influenced by their composition than 
their size or the degree of luminal stenosis (3,19,20). The 
present study analyzed plaque composition and concluded 
that IPH (but not plaque size) was an independent 
predictor of ischemic stroke, which is in line with previous  
studies (19,20).

IPH is one of the culprits of unstable plaques. Hypoxia 
and inflammatory stimuli lead to the development 
of thin-walled neovascularization in atherosclerotic 
plaque. Neovascularization rupture leads to intravascular 
erythrocyte exudation, which attracts macrophages into 
the plaque, and creates a highly reactive microenvironment 

Table 2 Predictors of carotid artery in ischemic stroke: univariate analysis

Variables χ2/t/Z P

Patients characteristics

Sex (male) 7.54 0.008*

Dyslipidemia 4.31 0.041*

History of stroke 5.04 0.033*

CA

Plaque echogenicity 9.59 0.048*

Intraplaque hemorrhage 10.63 0.002*

ACA

Stenosis number 13.19 0.001*

Stenosis lateral 12.37 0.002*

Stenosis synthesis 13.67 0.008*

PCA

Stenosis number 9.90 0.007*

Stenosis lateral 9.55 0.008*

Stenosis synthesis 11.63 0.040*

TICA

Stenosis number 6.30 0.043*

Stenosis lateral 6.30 0.043*

VA-V4

Stenosis number 6.89 0.032*

AComA

Open 5.49 0.023*

OA

Open 7.07 0.029*

Total collaterals 6.41 0.011*

Total collaterals† 7.74 0.021*

*, P<0.05; †, categorize the data; χ2, Chi-square test; t, Student’s 
t-test; Z, Z-test. ACA, anterior cerebral artery; AComA, anterior 
communicating artery; CA, carotid artery; OA, ophthalmic artery; 
PCA, posterior cerebral artery; TICA, terminal internal carotid artery; 

VA-V4, vertebral artery V4.

Table 3 Predictors of ischemic stroke: forward stepwise multivariate logistic regression analysis

Variables B SE Wald test P OR (95% CI)

IPH 1.649 0.542 9.251 0.002 5.20 (1.80–15.05)

ACA multiple stenoses 3.074 1.220 6.352 0.004 21.63 (1.98–236.17)

PCA multiple stenoses 2.989 0.965 9.601 0.002 19.87 (3.00–131.62)

AComA opening 1.523 0.498 9.345 0.001 4.58 (1.73–12.17)

AComA, anterior communicating artery; ACA, anterior cerebral artery; B, regression coefficient; 95% CI, 95% confidence interval; IPH, intraplaque 

hemorrhage; OR, odds ratio; PCA, posterior cerebral artery; SE, standard error.
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that further promotes microvessel formation, leading 
to the formation of IPH, which destabilizes the plaque 
(21,22). Artery-to-artery embolization occurs when an 
embolus formed by dislodged instability plaque flows 
distally into the skull and becomes embedded in a smaller 
vessel downstream. This causes a sustained reduction in 
local cerebral blood flow, ultimately leading to ischemic 
stroke (23). The presence of IPH increases the likelihood 
of ischemic stroke by 5.2-fold. Moreover, IPH is associated 
with a two-fold increase risk of stroke at the 5-year follow-
up (24). Unexpectedly, we found no correlation between 
the presence of LRNC or calcification and the occurrence 
of ischemic stroke. The size rather than the presence of 
LRNC has been proposed to be a predictor of ischemic 
stroke (25,26). In addition, calcification may increase plaque 
stability (27,28).

In addition to the aforementioned ischemic stroke caused 
by unstable plaque dislodgment that blocks intracranial 
blood vessels, the accumulation of lipids in intracranial 

A B C

D E F

Figure 2 Sonographic performance of independent predictors of ischemic stroke. (A) Intraplaque hemorrhage: anechoic zone in plaque 
(as indicated by the arrow); (B,C) ACA and posterior cerebral artery stenosis, respectively: CDFI showed the thinning of localized blood 
flow bundles and colorful mosaic-like blood flow signals (as indicated by the arrows); (D-F) anterior communicating artery opening: (D) 
the blood flow of the ACA on the affected side was thin and reversed, appearing red (arrow); (E) the blood flow velocity of the ACA on the 
affected side was reduced (PSV: 30 cm/s); (F) the blood flow velocity of the ACA on the healthy side was accelerated (PSV: 152 cm/s), and 
was not reversed, appearing blue (arrow ). ACA, anterior cerebral artery; CDFI, color Doppler flow imaging; PSV, peak systolic velocity.
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Figure 3 ROC curve analysis. The ROC curve analysis showed 
an AUC of 0.802, indicating the good accuracy of the predictors 
of ischemic stroke. AUC, area under the curve; ROC, receiver 
operating characteristic.
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Table 4 Areas under the ROC curves for independent predictors of ischemic stroke

Variables AUC SD P 95% CI

IPH 0.626 0.055 0.021 0.52–0.73

ACA† 0.636 0.055 0.013 0.53–0.74

PCA† 0.608 0.056 0.049 0.50–0.72

AComA‡ 0.609 0.054 0.046 0.50–0.71

IPH + ACA† 0.708 0.052 <0.001 0.61–0.81

IPH + PCA† 0.714 0.051 <0.001 0.61–0.82

IPH + AComA‡ 0.681 0.052 0.001 0.58–0.78

IPH + ACA† + PCA† 0.745 0.050 <0.001 0.65–0.84

IPH + ACA† + AComA‡ 0.754 0.049 <0.001 0.66–0.85

IPH + PCA† + AComA‡ 0.760 0.046 <0.001 0.67–0.85

IPH + ACA† + PCA† + AComA‡ 0.802 0.045 <0.001 0.71–0.89
†, multiple stenoses; ‡, opening. ACA, anterior cerebral artery; AComA, anterior communicating artery; AUC, area under the curve; 95% 
CI, 95% confidence interval; IPH, intraplaque hemorrhage; PCA, posterior cerebral artery; ROC, receiver operating characteristic; SD, 
standard deviation.

arteries causes stenosis of the blood vessels and can also 
lead to ischemic stroke (29). One study of patients with 
acute ischemic stroke concluded that transcranial color-
coded Doppler provides reasonably accurate diagnostic 
information to rule in or rule out the occlusion or stenosis 
of intracranial arteries with a summary sensitivity of 95% 
and specificity of 95% (30). In this study, ICCUS was used 
to scan the intracranial arteries, and multiple stenoses of the 
ACA were found to be an independent predictor of ischemic 
stroke. Compared to the patients without ACA stenosis, 
those with multiple stenoses of the ACA were 21.6 times 
more likely to experience ischemic stroke. A large sample 
size study of stroke in an Asian population noted that 
patients with ACA infarcts were more likely to suffer from 
ischemic strokes than those with MCA and PCA infarcts, 
and that ACA infarcts may be associated with stroke 
recurrence (31). Besides, multiple stenoses of the PCA is 
also an independent predictor of ischemic stroke. When 
multiple stenoses of the PCA were present on the ICCUS 
scanning, the odds of ischemic stroke increased 19.9-fold. 
Surprisingly, the MCA was not found to be associated with 
ischemic stroke in either the univariate or multivariate 
analyses. This may be due to the watershed penetrating 
arterioles originating from collateral circulation, which 
maintain constant blood flow (32).

When ischemic stroke occurs, the body provides 

additional blood supply to the regions supplied by the 
narrowed or occluded intracranial artery through the 
collaterals. Adequate blood supply from the collaterals 
is beneficial in maintaining brain tissue viability (29,32), 
and plays an important protective role in preventing 
and relieving brain tissue damage. In this study, we also 
investigated the predictive value of collateral circulation 
for ischemic stroke. The overall number of collaterals was 
found to be associated with ischemic stroke in the univariate 
analysis, and the cut-off value analysis indicated that  
>3 collaterals increased the likelihood of ischemic stroke, but 
no statistical significance was found in multivariate analysis. 
TICA occlusion was found to affect the development and 
formation of collaterals (33). In the univariate analysis, 
it was also associated with ischemic stroke. Both were 
eliminated as confounders in the multivariate analysis, 
which might explain the negative results obtained.

Further, we concluded that the opening of the AComA 
in the cerebral collateral on ICCUS scanning was an 
independent predictor of ischemic stroke, and ischemic 
stroke was 4.6 times more likely to occur when the AComA 
was opened than when it was unopened. When occlusion 
or stenosis of intracranial vessels occurs, the AComA 
participates in cerebral blood flow redistribution as a 
pivotal primary collateral pathway. In addition, it has been 
proposed that its flow alleviates recurrent stroke-induced 
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neurovascular injury, and improves neurobehavioral 
outcomes by promoting the establishment of collateral 
circulation (34). This may account for the predictive role of 
the AComA cerebral collateral opening for ischemic stroke.

In this study, the Carotid Artery System and the 
Vertebrobasilar Artery System were comprehensively 
scanned by ICCUS, and IPH, multiple stenoses of the 
ACA, multiple stenoses of the PCA, and the opening of 
the AComA in the cerebral collateral were identified as 
predictors of ischemic stroke. We further analyzed the 
prediction accuracy of these factors, and found that the use 
of only one predictor had an accuracy of approximately 
60% (60.8–63.6%), the use of IPH and any one intracranial 
predictor had an accuracy of 70% (68.1–71.4%), the use of 
IPH and any two intracranial predictors had an accuracy 
of 74.5–6.0%, and the use of all four risk factors had an 
overall accuracy if up to 80.2%. Therefore, for patients 
with leading risk factors for stroke [i.e., high systolic blood 
pressure, a high body mass index, high fasting plasma 
glucose, and a history of smoking (35)], ICCUS should be 
performed regularly, as the more independent predictors 
present, the higher the likelihood of ischemic stroke. 

For patients with acute ischemic stroke, the therapeutic 
time window, especially after they present with symptoms 
of neurological deficits and before the occurrence of 
cerebral infarction, is crucial. Using ICCUS, sonographers 
can comprehensively scan the ICA and vertebrobasilar 
artery systems of patients in minutes. Immediately after 
scanning, ICCUS provides information about the stenosis 
and occlusion of vessels, as well as about the hemodynamic 
status of the cerebral circulation, which in combination 
with predictors for stroke occurrence, facilitates rapid 
clinical  decision making. Further,  ICCUS can be 
performed simultaneously as emergency personnel conduct 
neurological assessments, maintain vital signs, and perform 
other resuscitation maneuvers, thereby gaining considerable 
time to adopt subsequent therapeutic measures. In 
summary, ICCUS holds significant value in the rescue and 
treatment of ischemic stroke.

This study had some limitations. First, because blood 
circulation in the brain is an interacting and integrally 
regulated whole, no distinction was made between the 
right and left cerebral hemispheres in this study. Second, as 
ICCUS is not a clinical universal stroke test and requires 
concurrent CT or MRA, patients with missing data were 
excluded from the study, which resulted in a small study 
sample size. Third, the VA-V3 segment was not examined 

because of its deep location and the difficulty of ultrasound 
scanning. Finally, the diagnostic advantages of MRI in 
IPH and the LRNC are well documented, but it has been 
suggested that experienced sonographers can improve 
their recognition of both conditions (36,37). In this study, 
ultrasonographers working for up to 20 years were used as 
operators to minimize the diagnostic gap between US and 
MRI. Considering the advantages and disadvantages of the 
aforementioned ultrasound examinations, we believe that 
ICCUS is a better choice for the comprehensive scanning 
of cervical and intracranial vascular status, including carotid 
plaque, in the diagnosis of ischemic stroke.

Conclusions

Given that cervicocerebral circulation is an inseparable 
whole, this study used comprehensive, accurate, efficient, 
and reproducible ICCUS scanning, co-incorporated the 
Carotid Artery System and the Vertebrobasilar Artery System 
to conduct a comprehensive analysis, and identified more 
comprehensive and reliable independent predictors of ischemic 
stroke. Our findings may have significant guiding value for the 
early prevention and timely treatment of patients.
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