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Abstract
Objective: To explore the value of TCD and CDUS on diagnosis of large artery atherosclerosis.
Methods: In our study, 90 patients who had been admitted to our hospital and diagnosed as LAA according to CISS typing were
selected as the research object. A retrospective analysis was conducted, using CTA as golden standard for diagnoses of stenoses.
Explore the risk factors of LAA, the reliability of TCD and CDUS in diagnosis of the stenosis and distribution of stenosis in
each vessel.
Results: Hypertension and type 2 diabetes are risk factors of LAA vascular stenosis. Middle cerebral artery stenosis detection
by TCD carries the highest reliability (sensitivity 90.91%, specificity 97.89%, positive predictive value 96.15%, the negative
predictive value was 94.9%, the positive likelihood ratio was 43.18, negative likelihood ratio 0.09, Kappa = 0.9). The consis-
tency of TCD is as good as CTA in head and neck part. The negative coincidence rate was higher in the anterior circulation
vessels (97.98%), followed by the coincidence rate of severe stenosis (95.23%). However, the detection rate of posterior circula-
tion vessels positive, moderate and severe stenosis, mild stenosis gradually decreased by TCD. CDUS carries general reliability
in detecting intracranial extracranial stenosis, the highest reliability in internal carotid artery (kappa 0.82), and the worst con-
sistency in vertebral artery (kappa 0.38). The negative coincidence rate of CDUS in extracranial cerebrovascular stenosis was
highest (97.22), followed by the overall compliance rate (91.55%). 242 branches of vascular stenosis were discovered in our
study, among which intracranial artery stenosis 61.15% (148/242) is higher than that in extracranial artery 38.85% (90/242),
ratio of moderate to severe stenosis is as high as 82.23% (199/242). Intracranial artery stenosis in ICA is extremely common
(51.11%, 46/90), and MCA is the common area of intracranial artery stenosis (37.16%, 55/148).
Conclusions: (1) Hypertension, type 2 diabetes are risk factors for LAA stenosis. (2) TCD detection of intracranial vascular
stenosis carries the best consistency, and reliability of MCA is the highest. In our search, MCA possesses the highest rate of
stenosis, and negative coincidence rate by TCD examination was the highest, which could be used for screening method for
stenosis. The reliability of TCD in diagnosis of moderate and severe stenosis was relatively better than mild stenosis. (3) CDUS
detection of anterior circulation lesions is better than that of posterior circulation lesions. Evaluate effect on moderate and severe
stenosis was better than that of mild one. The ratio of ICA stenosis was the highest, but the effect on VA was poor. (4) The
incidence of intracranial vascular stenosis is more common than that of the intracranial vascular stenosis.
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Large artery atherosclerosis (LAA) is a common cause of is-
chemic stroke (IS), usually leads to serious adverse events,
which seriously affects the social function.[1] Positive pre-
vention and treatment of LAA is particularly important.[2]

Therapeutic decision-making, prognosis assessment, and
the risk of recurrence of acute LAA largely depends on the
etiology of stroke classification. At present, the imaging
examination of blood vessels is still one of the most sig-
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nificant auxiliary examination of LAA. The examination of
intracranial and cerebrovascular blood vessels is essential to
the diagnosis and treatment of ischemic cerebrovascular dis-
ease. CTA enables repeated 3D observation of vascular sta-
tus, intuitively and clearly showing intracranial major arter-
ies and tertiary branches of blood vessels. The significance
of CTA lies in the fact that it carries a high coincidence rate
of stenosis with regard to its site and degree, (diagnosis rate
of carotid artery stenosis > 50%, the sensitivity and speci-
ficity were respectively 97% and 90%[3]), and better plaque
development than DSA.

TCD[4–8] has been widely used in clinical screening for clin-
ical monitoring in recent years due to the characteristics
of economy, non-invasiveness, repeatable check and so on.
CDUS,[9–11] as one of the most popular vascular ultrasound
techniques, has an irreplaceable advantage in the evalua-
tion of the vascular wall, plaque morphology and steno-
sis of the extra cranial segment. CTA, TCD, CDUS and
other kinds of tests have their advantages and disadvantages,
while combined examination provides a more complete in-
formation of vascular morphology and hemodynamics. In
our study, LAA patients with intracranial and extracranial
vascular stenosis were selected as our research objects since
CTA and DSA possesses a higher consistency in vascular
stenosis, and capacities of TCD, CDUS and CTA in detect-
ing vascular stenosis and related information were collected
to analyze reliability and consistency of diagnosis method
of TCD and CDUS, which provides help for clinical med-
ical students with a reasonable optimization vessel inspec-
tion programs and treatment.

1 materials and methods
1.1 Research objects

The patients, who were admitted to the department of in-
ternal neurology at Baogang Hospital for cerebral infarction
from 2011 and the first 5 months of 2012, were selected as
the objects. On the basis of complete basic data, a total of
90 cases were finally diagnosed as LAA according to CISS
classification after the patients underwent TCD, neck vascu-
lar ultrasound,and CTA examination of head and neck. It is
divided into stenosis group and non-stenosis group, among
which 15 cases were without intracranial and external steno-
sis, 75 patients were with stenosis.

1.2 Inclusion and exclusion criteria

The objects should meet the following requirements: (1)
Conform to diagnostic criteria of ischemic stroke that was
revised at 4th National cerebral vascular disease confer-
ence, among which the NIHSS scores should be less than 22
points, responsible lesion was confirmed by CT/MRI exam-
ination, another round examination is required until the re-

sponsible lesion was not figured out after admission within
one week, the candidates were diagnosed as LAA according
CISS criteria, and aortic arch atherosclerosis cerebral infarc-
tion was excluded. (2) The incidence of the population (40-
79 years old) was admitted to hospital within 1 week since
the onset of the disease. (3) Blood vessels were demon-
strated to be fine over the examination of TCD, neck vas-
cular ultrasound, head and neck CTA. (4) Candidates with
vascular occlusion were excluded.

1.3 Methods

1.3.1 Diagnostic criteria for risk factors

Internal Medicine by Zaiying Lu and Nanshan Zhong, pub-
lished in 2008, was regarded as the reference for the diag-
nosis of hypertension, diabetes, coronary heart disease and
lipid abnormality.[12] Lung cancer and cigarette smoking in
Europe by Simonato L et al.[13]was the reference for smok-
ing history. Cerebrovascular Disease Control Guide (trial
version) by editing committee of Chinese guidelines for pre-
vention and treatment of cerebrovascular disease.[14]

1.3.2 Determination of Stenosis

Assessment method of detecting the percentage of carotid
artery stenosis are using measurement of the internal diam-
eter stenosis. Normal data reference for determination of
TCD is Ultrasonic diagnostics of carotid artery and cere-
bral vascular supplementary Table 1 by Prof. Yang. The
diagnosis standard of TCD stenosis refers to Skull neck and
peripheral blood vessel ultrasound.[15] CTA measurement
of the degree of vascular stenosis is in accordance with the
NASCET method.[16]

1.3.3 Instruments and inspection methods

TCD inspection method is DWL-box detector. Each seg-
ment of intracranial vascular was observed through tem-
poral window, ocular window and sub-occipital window,
and recorded various related parameters. The detector TCD
uses blind detection method, which could not look directly
into the blood vessels,so that its comprehensive assessment
is based on a variety of indicators. For example, blood
flow velocity and (or) pulsation index in TCD change un-
equally in response to partial abnormal blood vessels. Blood
changes and collateral circulation and a variety of parame-
ters are required to reach a comprehensive evaluation. Since
anatomic site adjacent to initial segment stenosis in TICA
and MCA, it remains difficulties to make the distinctions.
Carotid artery test is advisable if necessary to improve the
detection rate. Light Speed VCT 64 layer spiral CTA by GE
company was adopted in our research.
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1.3.4 Data processing and statistical methods

Collate the original data, using SPSS 17.0 statistical soft-
ware for statistical analysis. It is divided into stenosis group
(75 cases of LAA) and non-stenosis group (15 patients with
LAA), based on the selection criteria of the occurrence of
vascular stenosis, and the role of gender, age, hypertension,
diabetes, abnormal lipid metabolism, coronary heart dis-
ease, smoking, drinking as risk factors of cerebral infarction
are observed. After the single factor analysis of each risk
factor, the risk factors of cerebral infarction stenosis were
finally determined by two categories of Logistic regression
analysis. To figure out the value of TCD in detecting the ex-

istence of stenosis in intracranial segment of major vascular
(SCA, MCA, ACA, VA and Ba, PCA) of 75 LAA patients
by statistical methods, detection information by CDUS on
extracranial segments into intracranial major artery (CCA,
ICA, VA). The positive predictive value, negative predictive
value, sensitivity, specificity, positive likelihood ratio, neg-
ative likelihood ratio, Kappa value, were calculated by us-
ing statistical method and the reliability analysis was made.
X2 test was performed in each group with the narrow blood
vessels as matched data, and the results were obtained. An-
alyze distribution of vascular stenosis in the intracranial and
vascular blood vessels, and make sure the common stenosis
areas.

Table 1: TCD detection of intracranial vascular stenosis

 

 1 

TCD 

CTA(internal carotid artery system) 

Total 

CTA（posterior cerebral circulation） 

Total Without 

stenosis 

Mild 

stenosis 

Moderate 

stenosis 

Severe 

stenosis 

Without 

stenosis 

Mild 

stenosis 

Moderate 

stenosis 

Severe 

stenosis 

Without 341 10 4 2 357 321 9 5 3 338 

Mild 4 8 0 0 12 5 7 0 0 12 

Moderate 2 0 38 0 40 2 0 10 0 12 

Severe 1 0 0 40 41 1 0 0 12 13 

total 348 18 42 42 450 329 16 15 15 375 

Coincidence rate 

of TCD and CTA 

(%) 

97.98 44.44 90.47 95.23 94.88 97.57 43.75 66.67 80 93.33 

   
2 Results
2.1 Risk factor analysis of LAA

Analysis of the four risk factors of age, hypertension, type
2 diabetes and smoking was conducted and their correla-
tion analysis was also made by exloring one single factor.
The logistic model: P = exp(1.559X1 + 1.778X2)/{1 +
exp1.559X1+1.778X2}. X represents the return of the in-
dependent variables in the model, X1 for hypertension, X2
for the type 2 diabetes, the dependent variable Y s for steno-
sis, P for the stenosis probability. Based on comprehensive
analysis, risk factors of type 2 diabetes and hypertension
were statistically significant ( p<0.05). It is included that
the two indicators are correlated with vascular stenosis, and
remained as risk factors which stimulated stenosis in LAA
patients.

2.2 TCD detection of intracranial blood vessels

The occurrence of internal carotid artery stenosis is very
common in MCA of the internal carotid artery vascular sys-

tem, accounting for 53.92% vessels (55/102). The num-
ber of blood vessels that were with stenosis is equivalent
in SCA and ACA. 37 vertebral-basilar artery blood vessels
were found with stenosis by TCD, and 46 by CTA, among
which stenosis in 37 vertebral-basilar artery blood vessels
consistent with detection result by CTA. Stenosis in verte-
bral basilar artery system is less than that of internal carotid
artery system (see Table 1). The consistency of TCD in
cerebral artery was the best, followed by the internal carotid
artery system. The consistency of TCD in vertebral basilar
artery system was fair, while it is the worst in BA (see Ta-
ble 2). The results of paired comparisons X2 test indicated
that the difference between the two methods was not signif-
icant ( p>0.05). By comparing TCD and CTA in detecting
stenosis rating results, TCD detection of circulating vascu-
lar negative coincidence rate can reach as high as 97.98%,
pre vascular mild stenosis detection rate is minimum, and
medium and severe vascular stenosis with higher positive
rate. Two patients with severe stenosis were misrecognized.
The value of TCD and CTA in detecting stenosis in vertebral
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basilar artery blood vessels was compared. The coincidence
rate of mild stenosis was 43.75%, moderate stenosis coinci-
dence rate was 66.67%, severe stenosis coincidence rate was

80.00%, and the negative coincidence rate was the highest.
However the missed diagnosis of moderate stenosis and se-
vere stenosis by TCD were 5 and 3 respectively.

Table 2: Analysis of TCD reliability

 

 1 

  

Blood 

vessel 
Sensitivity Specificity 

positive 

predictive 

values 

negative predictive 

values 

Positive 

likelihood ratio 

Negative likelihood 

ratio 
Kappa values 

SCA 82.35 97.64 85.00 95.38 31.29 0.27 0.76 

MCA 90.91 97.89 96.15 94.90 43.18 0.09 0.90 

ACA 79.17 98.41 90.48 96.12 49.88 0.21 0.82 

VA 71.43 97.67 83.33 95.45 30.71 0.29 0.74 

BA 54.55 96.88 75.00 92.54 17.45 0.47 0.58 

PCA 57.14 97.79 72.73 95.68 25.90 0.11 0.61 

 
2.3 CDUS detection of extracranial vessels

A total of 450 extracranial vascular stenosis (CCA, ICA,
VA) was found in 75 LAA patients. CDUS found 72, CTA
found 90, consistent with the CTA 62, see table 3.Detector
consistency of ICA by CDUS was the highest, on the ba-
sis of statistical method. The sensitivity of CDUS in VA
the worst,and Kappa value is the lowest, suggesting that de-
tection effect of CDUS on the circulation of blood vessel
is poor. Therefore, there is less chance of getting reliable
positive results (see Table 4). X2 values of matched pairs
of enumeration data (CCA, ICA, VA) were 0.44, 0.36, 6.72,
respectively, indicating that the reliability of CDUS in de-
tecting stenosis in CTA is general and consistency of CDUS
in vertebral artery check is poor. ( p-value 0.008<0.05) Co-
incidence rate the negative coincidence rate of 97.22% is
acceptable, moderate stenosis detection is 72.41% and se-
vere stenosis detection is 85.71%,a relatively high rate. 4
cases in 28 patients with severe stenosis was misdiagnosed
as non-stenosis by CDUS.

2.4 The distribution of blood vessels in the lesions
of intracranial external artery stenosis

In 90 cases of LAA, 75 cases of vascular stenosis were
found by CTA, 15 cases were found normal, so the total
abnormal rate was 78.94% (75/90). A total of 1275 blood
vessels were examined in 75 patients with LAA, among

them, 450 extracracranial vessels, 825 intracranial vessels,
and cerebrovascular stenosis was discovered in 242 ves-
sels. However, subclavian artery stenosis detected in four
branches by ultrasound was not included in our study as
CTA did not enclose the subclavian artery. Intracranial
artery stenosis rate is 148, accounting for 61.15% of all
the 242 vessels with lesions, which is higher than that in
extracranial artery vessels (90/242). Extracranial stenosis
which was found in ICA branches was up to 46, accounting
for 51.11% of extracranial artery stenosis, and the amount
of vessels affected with stenosis in CCA and VA was the
same. Intracranial stenosis which had been found in ICA
branches was as high as 55, accounting for 37.16%(55/148)
of intracranial artery stenosis, followed by SCA and ACA.
The middle cerebral artery was found to be with moderate
and severe stenosis in the cerebral artery (see Table 5).

3 Discussion
This paper takes CTA as the diagnostic standard. The exam-
ination results indicate that TCD and CTA have good con-
sistency in the detection of intracranial stenosis, especially
in the case of MCA, and the results are consistent with those
in Guan Jingxia’s research.[17] In this paper, the statistical
analysis results show that the rate of compliance is lower
than that of the anterior circulation, which is related to the
anatomical structure of vertebral artery and basilar artery.
All the cases in our research were diagnosed as LAA, which
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carries higher incidence rate of vascular stenosis as well as
detection rate. Most CTA patients received CTA examina-

tion to consummate the TCD and CDUS examination, only
to increase the detection rate of stenosis.

Table 3: CDUS detection of stenosis in 75 cases of LAA

 

 1 

 

CDUS 

CTA  

CCA  
Total 

ICA  
Total 

VA  
Total 

Positive 

 

Negative Positive Negative Positive Negative 

Positive 16 3 19 39 4 43 7 3 10 

Negative 6 125 131 7 100 107 15 125 140 

Total 22 128 150 46 104 150 22 128 150 

Table 4: Analysis of the reliability of CDUS in the detection of intracranial vascular

 

 1 

  

Blood 

vessel 
Sensitivity Specificity 

positive 

predictive 

values 

Negative 

predictive values 

Negative 

likelihood ratio 

Positive 

likelihood ratio 
Kappa values 

CCA 97.66 72.73 95.42 84.21 0.28 31.03 0.75 

ICA 96.15 84.78 93.46 90.7 0.16 22.04 0.82 

VA 98.48 38.89 92.2 77.78 0.62 25.67 0.38 

Table 5: The distribution of intracranial-external artery stenosis in different degrees

 

 1 

 

 

Degree of 

stenosis 

External artery stenosis  Intracranial artery stenosis 

CCA  ICA  VA  Total  SCA  MCA  ACA  VA  BA  PCA  Total 

Mild 12 16 5 33  4 6 8 8 5 3 34 

Moderate 

stenosis 

8 10 11 29  12 21 9 4 6 5 57 

Severe 2 19 7 28  7 28 7 9 0 6 57 

Total 22 46 22 90  23 55 24 21 11 14 148 
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This study made a comparative analysis of CDUS and CTA.
The consistency of CDUS is generally consistent with Ben
Lin.[18] The results also showed that the rate of misdiag-
nosis in CDUS was higher in VA, and the detection effect
of CDUS on the posterior circulation was less than that of
CTA, which was consistent with the conclusion of Zhang
Chen.[19] CCA are reportedly more likely to be narrow, and
a larger further study results are advisable to verify the re-
sult. In our research, CDUS, with high negative coincidence
rate, could serve as a good screening method.

Vascular ultrasound in diagnosis of arterial stenosis is influ-
enced by multi factors. In addition to instruments factors, it
still happens for the chances of recanalization for occluded
blood vessel within 2-7 days since the onset of cerebral in-
farction. TCD and CDUS will be affected by human fac-
tors. TCD detection was performed by the technician with
many years of experience in our department. Compared
with CTA, we could get a better consistency. CDUS de-
tection is completed by the Department of ultrasound, and
neck vascular ultrasound examination is performed by many
technicians. Therefore, it is difficult to determine the con-
sistency of detection level, imposing impact on the result of
CDUS as well. Smoking has been demonstrated as arterial
risk factors in a number of studies, while this study did not
achieve good results regarding their relationship. It may be
correlated with sample bias due to differences in population

and region.

The distribution of intracranial vascular stenosis was not
consistent with the study[20, 21] in Tan group, but consistent
with the research by Wang Puqing, et al,[22] which may be
associated with geographical, risk factors, detection means
and objects of the study.

In summary, hypertension, type 2 diabetes are risk factors
for the occurrence of stenosis in LAA. The consistency of
TCD in detecting intracranial vascular stenosis is fair, but
MCA provides the highest reliability. In our experiment,
blood vessels in MCA part are the most common place
for the incidence of stenosis. Negative coincidence rate of
TCD detection was higher, which could be used for narrow
screen. The reliability of TCD was slightly higher than that
of moderate and severe stenosis. The detection of anterior
circulation lesions by CDUS is better than circular lesions.
Evaluation effect on severe stenosis in examination is bet-
ter than that on mild stenosis. Extracranial ICA stenosis
ratio was the highest, but it carried poor value in detecting
stenosis in VA. Our study indicated that intracranial segment
of vascular was a more common area for the incidence of
stenosis than that in the outer segment of the artery.
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