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Diagnostic value of head and neck computed tomography 
angiography in combination with color Doppler 

ultrasonography in carotid artery stenosis in ischemic stroke 
patients 

INTRODUCTION 

Ischemic stroke (IS) is a cerebrovascular disease 
that endemic in people ≥ 40 years of age in China and 
usually ischemic from the lumen (1). Proximal               
cerebral artery blockage can lead to local severe         
ischemia, resulting in cell energy metabolism failure, 
and cell necrosis can occur within a few minutes (2). 
Meanwhile, the infarct center can be surrounded by 
the surrounding ischemic area, forming a penumbra, 
and neuron apoptosis can occur within a few hours 
(3). Since IS possesses a high risk of disability and 
death, early diagnosis as well as appropriate            
treatment are of great significance for patients to  
obtain a good prognosis (4). The therapeutic methods 
of IS are drug thrombolysis or mechanical                       
thrombolysis (5). The accurate identification of the 
infarct site and the degree of arterial stenosis (AS) by 
imaging technology are the important conditions of IS 
treatment (6). 

Digital subtraction angiography (DSA) has been 

considered to be the gold standard for judging AS for 
a long time, which can rotate cerebral arteries in 
three dimensional ways and clearly display the shape 
and position of intra-arterial plaque, thus providing a 
high reliability in the diagnosis of AS (7). However, 
DSA is a traumatic examination method, which can 
cause trauma to patients during the examination and 
the examination operation is difficult, and contrast 
agent is required during the examination, which is 
difficult for most patients to accept, so its clinical  
application is limited (8). In recent years, non-invasive 
imaging techniques containing head and neck           
computed tomography angiography (CTA) as well as 
transcranial color Doppler ultrasonography (CDUS) 
have been used in the diagnosis of AIS (9,10). Head and 
neck CTA can clearly present the structure of carotid 
artery and cerebral artery, which can help doctors 
make judgment on AS (11). Transcranial CDUS can  
reflect the level of AS and cerebral blood flow and has 
the advantages of simple operation and strong         
repeatability (12).  
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ABSTRACT 

Background: To investigate the diagnostic value of head and neck computed 
tomography angiography (CTA) in combination with color Doppler ultrasonography 
(CDUS) in carotid artery stenosis in ischemic stroke (IS) patients. Materials and 
Methods: DSA examination was performed on all patients, and they were separated 
into mild group, moderate group, as well as severe group (n=30) according to the 
degree of vascular stenosis. Head and neck CTA and CDUS were used to examine the 
plaque length, thickness, and quantity of each group. The total plaque area, carotid 
intima-media thickness (IMT), common carotid artery index (CCA), internal carotid 
artery index (ICA) as well as vertebral artery index (VA) were compared. Results: A 
total of 110 narrow blood vessels were detected by CTA combined with ultrasound, 
and had a higher accuracy rate. The total plaque area, length, thickness and number of 
plaques, the values of CCA, ICA and VA, and IMT in the moderate together with severe 
groups presented higher relative to the mild group, and those in severe group 
presented elevated relative to the moderate group (P < 0.05). The sensitivity, 
specificity and accuracy of the combined detection of head and neck CTA and CDUS in 
the diagnosis of vascular stenosis in IS patients were higher relative to the single 
detection (P < 0.05). Conclusion: Head and neck CT angiography in combination with 
CDUS has a high application value in detecting carotid artery stenosis in IS patients, 
and provides an important reference value for the formulation of the next treatment 
plan and the assessment of patient prognosis.  
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Therefore, our study planned to explore the              
diagnostic value of head and neck CTA in                     
combination with CDUS in carotid AS in patients with 
IS. Head and neck CT angiography combined with 
CDUS can improve the specificity and accuracy of  
diagnosis for IS patients, reduce the economic           
pressure on patients and society, and provide             
important reference value for the formulation of next 
treatment plans and the evaluation of patient               
prognosis. 

 
 

MATERIALS AND METHODS 
 

General data 
Ninety patients with IS admitted to our hospital 

from January 2021 to December 2022 were selected. 
DSA examination was performed on all patients, and 
they were separated into mild group (30 cases),   
moderate group (30 cases) as well as severe group 
(30 cases) according to the degree of vascular         
stenosis (table 1). Mild group: 16 males and 14       
females, ranging in age from 40 to 73 years, with an 
average age of (62.32±6.18) years. Moderate group: 
15 males and 15 females, ranging in age from 41 to 
75 years, with an average age of (62.38 ± 5.98) years. 
Severe group: 17 males and 13 females, ranging in 
age from 41 to 74 years, with an average age of 
(62.48 ± 6.23) years. No significant difference was 
observed in baseline data among the three groups (P 
> 0.05) and there was comparability among the 
groups. All patients signed informed consent forms. 

Inclusion criteria: 1) The diagnostic criteria for IS 
in the Chinese Guidelines for the Diagnosis and  
Treatment of Acute Ischemic Stroke: 2) First onset: 3) 
There was no contraindication of relevant contrast 
agents. Exclusion criteria: 1) Combined with           
hypertension or other cerebrovascular diseases: 2) 
Combined with atrial fibrillation: 3) Combined with 
autoimmune disease: 4) Complicated with abnormal 
liver and kidney function; 5) Consciousness disorder 
in patients with mental illness.  

 

Methods 
DSA examination 

DSA was examined by Artis-zee angiography         
machine (Siemens, Germany). The patient was placed 
in supine position and disinfected with routine            
iodophor under local anesthesia. The right femoral 
artery was punctured by modified Seldinger          
technique (13), the 5F artery sheath was inserted, and 
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2 ml of contrast agent was injected. After no                
abnormality was observed, 3 500 U heparin was          
injected into the arterial sheath before operation, and 
total cerebrovascular angiography was performed. A 
5F pigtail catheter super-smooth guide wire was used 
to gently enter the aortic arch, and aortic arch and 
superior aortic arch vessels were observed by                
contrast iodohexol angiography. The right carotid 
artery system, the right vertebral artery system, the 
left vertebral artery system, and the left carotid              
artery system were compared by a single curved 
catheter guided by the super-slippery guide wire. 
After imaging, the single curved catheter was                 
removed. The patient was checked for clarity of 
speech, normal limb movement, stable blood                  
pressure, and returned to the ward. The image was 
digitized and subtracted to obtain the final image. 

 

CTA examination 
Head and neck CTA scan was performed with 320-

slice CT (Toshiba Aquilion One, Japan), first with 
plain scan followed by enhanced head and neck CTA 
scan. First, plain scan was performed for the patient, 
followed by enhanced CTA scan for the head and 
neck, extending from the patient’s ascending aorta to 
the cranial roof. Ioproxamine (non-ionic contrast 
agent) with a concentration of 370 mg I/ mL was  
injected into the patient's anterior cubital vein at a 
flow rate of 4.00 mL /s. A total of 80 mL was injected, 
and the patient was injected with 0.9% sodium             
chloride solution 30 mL at the same flow rate for tube 
flushing. CTA enhancement scan: Sure Start contrast 
tracer was used to scan patients. Ascending aorta was 
used as the ROI trigger point, and the trigger               
threshold was set at 200 HU. The tube voltage and 
tube current were set to 120 kVp and 250 mA                
respectively, the layer thickness was 3 mm and the 
layer spacing was 3 mm. After the scan, the data was 
uploaded to the workstation for volume display,             
multi-plane reconstruction, maximum brightness 
projection, etc., and the stenosis rate was calculated. 

 

Transcranial CDUS  
The DWIQL Doppler ultrasound instrument             

produced by Epiq7c (Philips, Netherlands) was            
selected. The patient was placed in a supine reclining 
position with full exposure to the neck. The thickness 
of carotid intima-media and the presence of plaque 
were observed. For those with plaque, the location 
and nature of plaque were observed and recorded. 

 

Evaluation criteria for carotid AS 
According to the relevant NASCET standards, the 

narrowest location diameter/distal normal artery 
diameter ×100% was taken as the degree of stenosis, 
and the stenosis rate < 50% was considered as mild 
stenosis. The stenosis rate of 50% to 69% was           
moderate stenosis. The stenosis rate of 70% ~ 99% 
was severe stenosis. The stenosis rate was 100%  
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  IS patients (n=90) 

Group mild (n=30) moderate (n=30) severe (n=30) 

Sex (n)       

male 16 15 17 

female 14 15 13 

Age (range) 62.32±6.18 62.38±5.98 62.48±6.23 

Table 1. The demographic information of IS patients. 
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carotid artery occlusion. 
 

Observation indicators 
The plaque length, plaque thickness and plaque 

quantity of each group were observed and the total 
plaque area, carotid intima-media thickness (IMT), 
common carotid artery index (CCA), internal carotid 
artery index (ICA) along with vertebral artery index 
(VA) were compared. The imaging features of carotid 
plaque color Doppler flow imaging (CDFI) and head 
and neck CTA were observed to assess the efficacy of 
carotid plaque CDFI combined with head and neck 
CTA in the diagnosis of carotid artery stenosis in IS 
patients. 

 

Statistical analysis 
The computation of statistics was carried out             

using SPSS 22.0 software, and the data were analyzed 
normally first, and all the data were in accordance 
with normal distribution and exhibited as (x ± s) and 
ANOVA and LSD-t test were adopted for comparison. 
The count data was presented as n (%) and χ2 test 
was performed for comparison. Statistics were 
deemed meaningful if P < 0.05. 

 
 

RESULTS 
 

Detection of carotid artery stenosis 
In this study, carotid plaque CDFI, head and neck 

CTA, combination examination, and DSA were used to 
detect the number and degree of narrow blood              
vessels in patients. In 90 patients, DSA showed 115 
narrow blood vessels, ultrasound showed 91 narrow 
blood vessels and CTA showed 101 narrow blood 
vessels. A total of 110 narrow blood vessels were  
detected by CTA combined with ultrasound, as shown 
in table 2. 

 

Comparison of total plaque area and IMT among 3 
groups 

We divided patients into mild, moderate and            
severe groups according to the degree of vascular 
stenosis and then compared the total plaque area and 
IMT of the three groups. Figure 1 displayed that the 
total plaque area and IMT in the moderate together 
with severe groups presented higher relative to the 
mild group, and those in severe group presented       

elevated when comparing to the moderate group (P < 
0.05). 

Comparison of length, thickness as well as               
numbers of plaques among 3 groups 

We compared the length, thickness as well as 
numbers of plaques of the three groups. Figure 2  
revealed that the length, thickness and number of 
plaques in the moderate together with severe groups 
presented higher relative to the mild group, and 
those in the severe group presented elevated when 
comparing to the moderate group (P < 0.05).  

Comparison of CCA, ICA as well as VA among 3 
groups 

We compared the CCA, ICA as well as VA of the 
three groups. Figure 3 revealed that CCA, ICA and VA 
in the moderate together with severe groups                
presented higher relative to the mild group and those 
in the severe group presented elevated when              
comparing to the moderate group (P < 0.05). 

 
Diagnostic efficacy of CDUS, head and neck CTA and 
their combined detection for vascular stenosis in IS 

Accuracy of using carotid plaque CDFI, head and 
neck CTA and combination examination to detect  
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Table 2. Detection of carotid artery stenosis. 

Detection 
method 

Narrow 
blood 

vessels 

Degree of 
coronary artery 
stenosis ≥70% 

Degree of 
coronary artery 
stenosis <70% 

Carotid 
plaque CDFI 

91 51 40 

Head and 
neck CTA 

101 60 41 

Combination 
examination 

110 66 44 

DSA 115 69 46 
CDFI: Color Doppler flow imaging; CTA: Computed tomography              
angiography; DSA: Digital subtraction angiography. 

A B 

Figure 1. Comparison of total plaque area and IMT among 3 
groups. A) Comparison of total plaque area among mild,            

moderate, and severe groups. B) Comparison of IMT among 3 
groups. *P < 0.05, compared with mild group. #P < 0.05,          

compared with moderate group. 

Figure 2. Comparison of 
length, thickness and          

numbers of plaques among 3 
groups. A) Comparison of 

plaques length among mild, 
moderate, and severe groups. 

B) Comparison of plaques 
thickness among 3 groups. C) 
Comparison of plaques num-

bers among 3 groups. *P < 0.05, compared with mild group. #P 
< 0.05, compared with moderate group. 

 

A B 
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vascular stenosis in IS patients. The sensitivity,              
specificity and accuracy of the combined detection of 
head and neck CTA and CDUS in the diagnosis of            
vascular stenosis in IS patients were higher relative 
to the    single detection (P < 0.05) (table 3). 

 

 
 

DISSCUSION 
 

Lack of blood supply to the brain belongs to the 
main characteristic of IS patients (14). Studies have 
shown that lack of blood supply to the brain is               
related to the lesions of blood supply arteries (15). As 
an important extracranial blood supply artery, if the 
occurrence of IS is accompanied by carotid artery 
stenosis or carotid artery occlusion, with the             
deepening of carotid artery stenosis, the blood          
supply to the brain will become more insufficient, 
thus aggravating the patient’s condition and                
symptoms (16). It can be seen that carotid artery          
stenosis in IS patients may be both the cause and the 
accomplice, which will seriously affect the life health 
and prognosis of patients (17). Therefore, it is of great 
significance to determine the AS degree of IS patients 
through imaging techniques for their early diagnosis 
and treatment. 

DSA can clearly present the degree of AS and       
distortion with contrast media, which is a reliable 
technique for the diagnosis of AIS (18).However, it is 
an invasive operation and may cause complications 
of nerve defects, so this examination method should 

not be the first choice (19). Therefore, non-invasive 
and effective examination methods should be            
explored to diagnose AIS. In recent years, head and 
neck imaging methods such as CTA and transcranial 
CDUS have been used in clinic because of their               
advantages of non-invasive, convenient operation and 
low cost (20,21). CTA is a contrast agent injected into 
the elbow. By observing the flow of CTA, the blood 
flow filling degree in the blood vessel and the               
difference between the blood vessel walls can be            
determined (22). At the same time, aided by three-
dimensional reconstruction technology, the inner wall 
of the lumen can be three-dimensional presented and 
it is helpful to understand the size and nature of the 
plaques, so AS to determine the degree of AS in IS  
patients (23). Transcranial CDUS is an imaging method 
to determine the condition of blood vessels by                
detecting hemodynamic changes (24). It can evaluate 
whether there is plaque in the wall of the tube and its 
status by combining the internal diameter of the           
artery and the condition of blood flow filling and then 
help physicians to judge the degree of AS in patients 
(25). Therefore, in this study, head and neck CT                
angiography combined with CDUS was used to detect 
arterial stenosis in 90 patients with IS to improve the 
accuracy of the examination. 

We first divided the patients into mild, moderate 
and severe groups. It could be seen from the results of 
this paper that ultrasound showed 91 narrow blood 
vessels and CTA showed 101 narrow blood vessels. A 
total of 110 narrow blood vessels were detected by 
CTA combined with ultrasound and was closer to the 
results of DSA and had a higher accuracy rate.                
Consistently, M Anzidei et al. have discovered that 
CTA is the most accurate technique for evaluating 
carotid stenoses, with a greater accuracy than CDUS 
(26). Both CTA and DSA are processed by computer 
after angiography, and the obtained vascular imaging 
information is clear and comprehensive, which can 
better reflect vascular stenosis, obstruction and other 
lesions (27). Therefore, the diagnostic effect of CTA is 
similar to that of DSA. Studies have shown that               
Transcranial CDUS uses two-dimensional ultrasound 
images to reflect blood flow rate, vascular inner        
diameter, intima thickness and whether there is 
plaque in the blood vessels and then indirectly             
determines AS conditions, so it is not as direct and 
accurate as CTA (28). In our study, the sensitivity,  
specificity and accuracy of the combined detection of 
head and neck CTA and CDUS in the diagnosis of             
vascular stenosis in IS patients were higher relative to 
the single detection. Therefore, we indicated that the 
detection of CTA combined with CDUS can accurately 
reflect whether there is plaque in the blood vessels, 
the location of plaque and various indicators. 

 
 

CONCLUSION  
 

In summary, head and neck CT angiography in 
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A B 

Figure 3. Comparison of CCA, 
ICA and VA among 3 groups. A)  

Comparison of CCA among 
mild, moderate, and severe 

groups. B) Comparison of ICA 
among 3groups. C) Comparison 

of VA among 3groups. *P < 
0.05, compared with mild 

group. #P < 0.05, compared 
with moderate group. 

C 

Table 3. Diagnostic efficacy of CDUS, head and neck CTA and 
their combined detection for vascular stenosis in IS. 

Detection method Sensitivity Specificity Accuracy 

Carotid plaque CDFI 
73.91% 
(51/69) 

86.96% 
(40/46) 

79.13% 
(91/115) 

Head and neck CTA 
86.96% 
(60/69) 

91.30% 
(42/46) 

87.83% 
(101/115) 

Combination 
examination 

95.65% 
(66/69) 

97.83% 
(45/46) 

95.65% 
(110/115) 

IS: Ischemic stroke, CDFI: Color Doppler flow imaging, CTA: Computed 
tomography angiography. 
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combination with CDUS has a high application value 
in detecting carotid artery stenosis in IS patients and 
provides an important reference value for the               
formulation of the next treatment plan and the         
assessment of patient prognosis. 
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