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ABSTRACT 
 

Background: Carotid occlusion is a severe condition closely associated with ischemic stroke. The 
prompt identification of patients presenting with extracranial carotid artery occlusion and the 
evaluation of collateral circulation compensation in these individuals bear significant clinical 
importance for subsequent patient management. Ultrasound offers significant advantages in the 
diagnosis of extracranial carotid artery stenosis and occlusion, while Transcranial Color-Coded 
Sonography (TCCS) is increasingly pivotal in assessing intracranial artery stenosis and determining 
blood flow direction. The objective of our study was to assess the concordance between ultrasound 
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combined with TCCS and digital subtraction angiography (DSA) in evaluating extracranial carotid 
occlusion and intracranial collateral circulation. 
Methods: Patients with severe stenosis in the extracranial carotid artery were recruited for our 
study. All patients suspected of having occlusion in the extracranial carotid arteries underwent 
ultrasound, transcranial color-coded sonography (TCCS), and digital subtraction angiography 
(DSA). Sensitivity, specificity, positive predictive value, negative predictive value, overall accuracy, 
and kappa value were employed to assess the effectiveness and consistency of ultrasound and 
TCCS compared to DSA. 
Results: Ultrasound demonstrated a sensitivity of 85.4%, specificity of 100%, positive predictive 
value of 100%, negative predictive value of 90.4%, and overall accuracy of 93.9% in the diagnosis 

of extracranial artery occlusion. The kappa value was calculated as 0.87 (P＜0.001), indicating 

substantial agreement between ultrasound and DSA measurements for consistency assessment. 
Transcranial color-coded sonography (TCCS) exhibited a sensitivity, specificity, positive predictive 
value, negative predictive value, and overall accuracy of 97.6%, 100%, 100%, 66.7%, and 97.7% 
respectively in evaluating collateral circulation in patients with carotid artery occlusion. The kappa 

value was 0.79 (P＜0.001) in assessing the collateral circulation in patients with occluded carotid 

arteries. 
Conclusions: Ultrasound proved to be a valuable tool for evaluating patients with occluded carotid 
arteries, while TCCS emerged as a reliable approach for assessing collateral pathways in 
individuals with extracranial carotid artery occlusion. 

 

 
Keywords: Extracranial carotid occlusion; transcranial color-coded duplex sonography; collateral 

pathways. 
 

1. INTRODUCTION 
 
A severely stenosed carotid artery is largely 
associated with ischemic stroke [1]. Carotid 
occlusion and near occlusion are severe 
conditions in carotid stenosis. Traditional 
angiography is considered the "gold standard" 
among many diagnostic methods [2,3], but it has 
several limitations in clinical practice. Due to the 
risk of death and a higher incidence of allergic 
reactions and renal toxicity from contrast agents, 
some patients are disqualified for DSA [4]. 
   
Noninvasive ultrasound has been identified to be 
a preferred effective tool for assessing plaque 
formation in carotid artery. And ultrasound duplex 
is also an ideal technique to determine the 
degree of lumen stenosis in atherosclerotic 
carotid artery. Spectral Doppler has a sensitivity 
and specificity of 90% and 85% respectively in 
diagnosing of carotid stenosis ≥70% that was 
verified by DSA [5]. 
 

In recent years, transcranial color-coded 
sonography (TCCS) has emerged as a reliable 
modality for the detection of narrow and occluded 
intracranial arteries, making it an ideal 
noninvasive approach to assess the 
hemodynamic status within the cranium [6]. 
Furthermore, TCCS allows for visualization of 
collateral blood flow in cases of extracranial 
artery occlusion or near-occlusion.  

In cases of ipsilateral occlusion of the internal 
carotid artery or common carotid artery, 
compensatory activation of the Willis circle or 
collateral pathways occurs to maintain cerebral 
blood supply. While angiography is considered 
the gold standard for evaluating collateral 
circulation, transcranial color-coded duplex 
sonography (TCCS) can serve as a non-invasive 
alternative to effectively assess the 
compensatory capacity of collateral pathways. 
  
To the best of our knowledge, limited research 
has been conducted comparing the diagnostic 
capabilities of ultrasound combined with 
transcranial color-coded sonography (TCCS) to 
digital subtraction angiography (DSA) in patients 
with extracranial carotid occlusion. In this study, 
we aimed to evaluate the diagnostic efficacy of 
ultrasound combined with TCCS in patients 
presenting extracranial carotid occlusion. 
 

2. MATERIALS AND METHODS 
 

We retrospectively enrolled patients with severe 
stenosis in the extracranial carotid artery at our 
hospital. Severe stenosis was defined as a 
diameter stenosis rate exceeding 70%. These 
patients underwent consecutive ultrasound, 
TCCS, and DSA examinations. Only those 
patients confirmed to have occlusion of the 
extracranial carotid artery by DSA were included 
in our study.  
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The ultrasound and transcranial color-coded 
sonography (TCCS) examinations were 
conducted using a multifrequency linear array 
transducer (4-18 MHz) and a phased array 
transducer (1-5 MHz), respectively. These 
assessments were performed with the Philips 
EPIQ7 system (Philips co. Ltd), which allowed for 
intracranial and extracranial evaluation. Both 
ultrasound and TCCS examinations were carried 
out by two experienced senior physicians, 
capturing B-mode grayscale, color flow, spectral 
Doppler images, as well as utilizing power 
Doppler to assess carotid artery stenosis. In 
cases where temporal windows were insufficient, 
the ultrasound contrast agent SonoVue was 
administered to facilitate conclusive evaluations. 
 
The ultrasound and transcranial color-coded 
sonography (TCCS) examinations were 
conducted using a multifrequency linear array 
transducer (4-18 MHz) and a phased array 
transducer (1-5 MHz), respectively. These 
assessments were performed with the Philips 
EPIQ7 system, which enabled intracranial and 
extracranial evaluation. Both ultrasound and 
TCCS examinations were carried out by two 
experienced senior physicians who captured B-
mode grayscale, color flow, spectral Doppler 
images, as well as utilized power Doppler to 
assess carotid artery stenosis. In cases where 
temporal windows were insufficient, the 
ultrasound contrast agent SonoVue was 
administered to facilitate conclusive evaluations. 
The weighted Kappa test was utilized to assess 
the agreement between TCCS and DSA in 
evaluating collateral circulation pathways. The 
level of concordance between ultrasound and 
DSA, as well as between TCCS and DSA, was 
categorized according to the following criteria: 
κ<0.4 indicates poor agreement; 0.4≤κ<0.6 
suggests fair agreement; 0.6≤κ<0.75 denotes 
good agreement; κ≥0.75 represents excellent 
agreement. Statistical significance was defined 

as P<0.05. All statistical analyses were 
performed using SPSS 25.0 (IBM, USA). 
 

3. RESULTS 
 
We recruited a total of 114 patients with severe 
stenosis in the extracranial carotid artery, among 
whom 48 were diagnosed with occlusion in the 
same artery through DSA examination. The age 
range of the participants was between 52 and 81 
years (mean age, 66.7±7.4), with males 
accounting for 41% of the sample. Regarding risk 
factors associated with carotid occlusion due to 
atherosclerosis, hypertension was present in 
87.5% of cases, diabetes in 77.1%, and 
hyperlipidemia in 81.3%. 
 
Among the 48 patients with confirmed complete 
occlusion based on angiographies, ultrasound 
misdiagnosed 7 cases as near-occlusion. 
Ultrasound demonstrated a sensitivity of 85.4%, 
specificity of 100%, positive predictive value of 
100%, negative predictive value of 90.4%, and 
overall accuracy of 93.9% in diagnosing 
extracranial artery occlusion. The agreement 
between ultrasound and DSA was assessed 
using kappa statistics, yielding a kappa value of 

0.87 (P＜0.001). 

 
For the assessment of intracranial collateral 
pathways in patients with extracranial artery 
occlusion, four patients still presented suboptimal 
temporal windows even after administration of 
ultrasound contrast agent. Among the remaining 
44 patients evaluated by transcranial color-coded 
sonography (TCCS), 63.6% exhibited patency in 
the anterior communicating artery. The rates of 
collateral circulation blood flow determined in the 
posterior communicating artery, ophthalmic 
artery, and lateral branches of the pia mater were 
79.5%, 20.5%, and 34.1%, respectively. TCCS 
demonstrated a sensitivity, specificity, positive 
predictive value, negative predictive value, and 

 
Table 1. Characteristics of 48 patients with occlusion in extracranial carotid artery 

 

Median age, years (range) 66.7 (52 to 81) 

Male (%) 41(85.4%) 
Female (%) 7(14.6%) 
Hypertension (%) 42(87.5%) 
Diabetes (%) 37(77.1%) 
Hyperlipidemia (%) 39(81.3%) 
Ipsilateral occlusion in extracranial carotid artery (%) 46(95.8%) 
Bilateral occlusion in extracranial carotid artery (%) 2(4.2%) 
Internal carotid artery occlusion (%) 46(95.8%) 
External carotid artery occlusion (%) 0 
Common carotid artery occlusion (%) 5(10.4%) 
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overall accuracy of 97.6%, 100%, 100%, 66.7%, 
and 97.7% respectively. There was a significant 
concordance between ultrasound findings and 
digital subtraction angiography (DSA). Compared 
to DSA, TCCS showed substantial agreement 

with a kappa value of 0.79 (P＜0．001). There 

was high consistency observed between TCCS 
and DSA. 

 

4. DISCUSSION 
 
Atherosclerotic stenosis of the carotid artery is a 
primary cause of stroke. The occlusion of the 
carotid arteries represents an extremely critical 
stage of stenosis. Carotid occlusion can lead to 
severe cerebral hypoxia and disruption in 
cerebral hemodynamics [7]. Carotid 
endarterectomy and endovascular stent 
placement are effective therapeutic approaches 
for enhancing cerebral blood supply. Duplex 
ultrasound examination can be utilized for 
preoperative assessment to visualize the carotid 
artery. 
 
Although duplex ultrasound is considered a safe, 
cost-effective, and morphologically visible 
technique, its successful implementation requires 
the expertise of well-trained sonographers. To 
ensure accurate results for our patients' tests, we 
have carefully selected experienced ultrasound 
specialists and utilized standardized equipment. 
The assessment of carotid artery stenosis 
involves the utilization of peak systolic velocity 
(PSV), end-diastolic velocity (EDV), and 
spectrum analysis. When employing PSV for 
carotid stenosis estimation, it is crucial to 
exercise heightened caution due to potential 
pitfalls. The presence of a contralateral carotid 
occlusion can lead to elevated PSV values [8]. 
Ultrasound accuracy may be compromised in 
cases involving tortuous carotid arteries, obese 
patients, excessive calcification, and high 
bifurcations. 
 
The Society of Radiologists established color 
duplex ultrasound velocity criteria for clinical 
reference in 2003 [9]. Despite the widespread 
use and acceptance of duplex ultrasound in 
clinical practice, there is still significant variation 
in the threshold for diagnosing carotid stenosis. 
The PSV range for moderate (≥50%) stenosis 
diagnosis was between 110 and 245 cm/s, while 
the criteria for severe (70%) stenosis ranged 
from 175 to 340 cm/s [10]. The sensitivity and 
specificity of carotid stenosis assessment remain 
widely varied with estimated values [11]. The 
sensitivity of stenotic obstruction decreases by 

two-thirds, transitioning from severe to moderate 
stenoses; however, the specificity remains 
constant [12]. Jahromi et al. reported a 
diagnostic sensitivity and specificity of 90% and 
94%, respectively, for carotid stenosis ≥70% 
confirmed by angiography [5]. Rojoa et al 
demonstrated a diagnostic sensitivity of 97% and 
specificity of 99% for internal carotid artery 
occlusion [13]. 
 
In our research, ultrasound has demonstrated a 
sensitivity of 85.4% and a specificity of 100% in 
the diagnosis of extracranial artery occlusion. 
Ultrasonic techniques exhibit strong concordance 
with digital subtraction angiography (DSA). 
Duplex ultrasound effectively evaluates the 
extent of stenosis and occlusion in carotid 
arteries. 
 
The intracranial vascular can be visualized in 
color Doppler using TCCS, enabling a 
sonographer to measure flow velocities 
accurately with angle correction. TCCS is a 
reliable tool for detecting narrow or occluded 
intracranial vessels. Additionally, TCCS provides 
a feasible non-invasive approach to assess 
intracranial collateral pathways and 
hemodynamic status. In cases of severe stenosis 
or occlusion in extracranial carotid arteries, 
TCCS allows visualization of collateral blood flow 
through anterior and posterior communicating 
vessels. The utilization of sonographic contrast 
agents in patients with poor acoustic windows 
can significantly enhance the visualization 
probability of intracranial main vessels [14]. 
However, despite the administration of SonoVue 
as a contrast agent, four patients still exhibited 
inadequate temporal windows in our study. 
 
The intracranial collateral circulation 
encompasses both main and secondary 
branches. The anterior communicating artery and 
posterior communicating artery are classified as 
primary collaterals, while the secondary 
branches consist of leptomeningeal vessels and 
ophthalmic arteries [15]. Abd-Allah et al. have 
reported that transcranial color-coded 
sonography (TCCS) is a reliable tool for 
assessing cerebral perfusion and reserve 
capacity in patients with symptomatic carotid 
occlusion [16]. 
 
The compensation of intracranial blood flow 
primarily relies on alternative routes based on 
arterial anatomy, particularly the integrity of the 
circle of Willis [17]. Connolly et al. have reported 
that anterior communicating artery (ACoA) is the 
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most effective blood supplement in patients with 
internal carotid artery occlusion [18]. In our study, 
we also found that ACoA was activated in most 
patients with extracranial carotid artery stenosis. 
Our results are consistent with Zarrinkoob et al., 
who reported that ACoA is the primary branch 
closely related to equalization of blood flow rates 
in patients with carotid artery stenosis [19]. 
 
Our study demonstrated that the sensitivity and 
specificity were 97.6% and 100%, respectively, 
when compared to DSA. The ultrasound findings 
were highly consistent with those of DSA. Abd-
Allah et al. utilized a novel TCCS-based 
collateral grading system in their investigation on 
patients with carotid occlusion, revealing a 
significant correlation between the grading 
system and Single-Photon Emission 
Tomography (SPECT) for assessing collateral 
circulation and cerebrovascular reserve capacity 
[16]. The weighted kappa values of the 3-D 
TCCS system, as reported by Wessels et al., 
were found to be 0.56, 0.63, 0.56, and 0.43 for 
the first auditory area celiac artery, anterior 
communicating artery, first parental generation 
celiac artery, and posterior communicating artery 
respectively when compared with DSA or 
magnetic resonance (MR) in patients with 
subarachnoidal hemorrhage [20]. 
 
Our study had certain limitations. Despite being a 
comparative analysis of ultrasound and DSA in 
evaluating occluded carotid arteries and 
intracranial collateral pathways, the sample size 
of admitted patients was small. Due to 
unforeseen circumstances, we were unable to 
gather sufficient subjects for analyzing the 
disparity between DSA and contrast-enhanced 
ultrasound using SonoVue in extracranial carotid 
artery occlusion. 
 

5. CONCLUSIONS 
 
The utilization of ultrasound has proven to be an 
invaluable tool in the evaluation of patients with 
occluded carotid arteries, while TCCS has 
emerged as a reliable approach for assessing 
collateral pathways in individuals with 
extracranial carotid artery occlusion. 
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