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Abstract: Background: The purpose of this study is to evaluate the intima-media thickness (IMT) and arterial elas-
ticity of the common carotid artery (CCA) in patients with cerebral small vessel disease (SVD) by applying radio-
frequency (RF) ultrasound technology. Methods: Fifty SVD subjects (SVD group) and fifty-three matched controls 
(Control group) were enrolled in the study. Structural and functional changes in the common carotid arterial wall 
were investigated by quality intima-media thickness (QIMT) and quanlity arterial stiffness (QAS) with a Mylab Twice 
ultrasound instrument. The vessel related variables between these two groups were analyzed. Results: There was 
a significant higher value of CCA-IMT in SVD group than that in control group (P<0.01). Pulse wave velocity (PWV), 
stiffness coefficient (α) and stiffness index (β) were remarkably greater (P<0.01) while compliance coefficient (CC) 
decreased significantly (P<0.01) in the SVD group than control group. Furthermore, significant difference was found 
on IMT between left and right CCA in SVD (P<0.01) and control group (P<0.01) while no significant difference was 
found on CC, α, β and PWV between left and right CCA in SVD (P>0.05) and control group (P>0.05). Conclusions: 
Decreased arterial elasticity of the CCA in patients with SVD compared with normal subjects. Ultrasound RF technol-
ogy can be used to non-invasively and quantitatively detect the change in the structure and function of the CCA in 
SVD subjects for evaluating preclinical atherosclerosis.
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Introduction

Cerebral small vessel disease (SVD) refers to a 
group of pathological processes with various 
aetiologies that affect the small arteries, arteri-
oles, venules, and capillaries of the brain [1]. 
The consequences of small vessel disease on 
the brain parenchyma are mainly lesions locat-
ed in the subcortical structures such as lacunar 
infarcts, white matter lesions, large haemor-
rhages, and microbleeds [2]. SVD is an impor- 
tant clinico-pathological condition as it is the 
cause of 20% of strokes worldwide, and the 
most common cause of vascular and mixed 
dementia [3]. Rapid and accurate diagnosis of 
SVD is urgently needed in clinical practice.

Sub-clinical atherosclerotic changes manifest-
ing on arterial walls involve thickening of the 
intima media and decreased vascular elastici-
ty. Common carotid arterial intima-media thick-
ness (CCA-IMT) has demonstrated as a useful-
ness marker for cardiovascular risk and as a 

method for detection of the early development 
of arterial atherosclerotic disease [4]. It also 
well established that the assessment of local, 
regional or systemic indices of arterial stiffness 
and compliance (pulse wave velocity [PWV], 
carotid distensibility [CD]) are useful for predict-
ing the future risk of cardiovascular events such 
as coronary heart disease (CHD) and stroke [5, 
6].

Recent advances in cardiovascular imaging pro-
vide the opportunity on early detection of ath-
erosclerotic vascular disease and quantify its 
progression. Innovations in ultrasound (US) 
technology have enabled the automatic and 
accurate measurement of CCA-IMT and arterial 
elasticity by means of US radiofrequency (RF)-
data technology. This technology combines the 
advantages of B-mode imaging (visual morphol-
ogy) with integrated RF-data technology for 
quantitative assessment of the properties of 
the walls of blood vessels. It also provides feed-
back on the quality of the measurement.
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The aim of this investigation was to detect the 
changes in the intima-media thickness (IMT) 
and arterial elasticity of the common carotid 
artery (CCA) in patients with cerebral small ves-
sel disease (SVD) by applying radiofrequency 
(RF) ultrasound technology.

Patients and methods

Subjects

The study was carried out on 103 subjects from 
December 2011 to June 2012. Fifty patients 
with SVD (mean age: 56.56±8.46 years; range: 
30-80 years) and fifty-three aged-matched con-
trol subjects (mean age: 53.64±8.36 years; 
range: 39-70 years). All the patients were per-
formed with cranial Magnetic Resonance Im- 
aging (MRI). Inclusion criteria of SVD patients 
were consistent with neuroimaging diagnosis 
standards [7]. Patients with cerebral hemor-
rhage, cerebral tumor, history of carotid en- 
darterectomy,carotid artery stenosis and occlu-
sion, severe heart, liver or kidney disease were 
excluded. Individuals in the control group were 
free from established heart disease, diabetes 
mellitus and hypertension.

The whole study protocol was approved by the 
Institutional Ethics Committee. Written infor- 
med consent was obtained from all subjects.

Clinical characteristics

Height, weight, and blood pressure (BP) were 
measured in all participants. The BMI was cal-
culated as weight (kg) divided by the square of 

re obtained after 12 h of fasting.Glucose levels 
were measured using the glucose oxidase 
method.

US assessment

US examinations were performed with a Mylab 
90 Platform (Esaote Medical Systmes, Firenze, 
Italy) using 4-13 Hz vascular probe LA 523 with 
built in RF quality intima-media thickness 
(QIMT) and RF quality arterial stiffness (QAS) 
software. This software used a complex algo-
rithm that could process all data coming from 
the lesion as RF signals. It can be used for 
quantitative evaluation of the properties of the 
vessel wall.

The subject was placed in supine position with 
head elevation ≤45 and a side tilt of 30° to fully 
expose the neck. Longitudinal images of the 
bilateral CCA were obtained by placing linear 
probe on the neck. A clear definition of anterior 
or posterior carotid walls was achieved by small 
movements of the probe. The distal 1-1.5 cm of 
the CCA just proximal to the bulb was measured 
by a computer analysis system (RFQIMT tech-
nology). IMT measurements were automatically 
taken over six cardiac cycles and the mean 
value of IMT was obtained. Standard deviation 
(SD) value was controlled under a cutoff value 
15. RF-QAS was then used to measure the elas-
ticity of the CCA. Measurement of carotid dis-
tensibility (CD) was automatically taken over six 
cardiac cycles. Then the mean and SD values 
automatically calculated and the SD value was 
controlled under a cutoff value 15. QAS data 
analysis software also calculated the pulse 

Table 1. Comparison of the clinical characteristic between SVD 
Group and Control

SVD Group (n = 50) Control Group (n = 53) t value p value
Age (Year) 56.56±8.46 53.64±8.36 1.716 0.081
BMI (kg/m2) 24.31±2.26 23.37±2.09 2.195 0.031
SBP (mmHg) 140.36±15.70 116.53±13.46 8.248 0.000
DBP (mmHg) 87.94±10.69 75.81±9.94 5.967 0.000
PP (mmHg) 52.42±12.87 40.72±8.74 5.426 0.000
FBG (mmol/L) 5.12±0.65 5.06±0.49 1.764 0.081
TG (mmol/L) 1.74±0.75 1.69±0.86 1.838 0.071
TC (mmol/L) 4.95±0.76 4.88±0.82 1.712 0.090
HDL-C (mmol/L) 1.30±0.43 1.31±0.56 1.717 0.089
LDL-C (mmol/L) 3.46±0.58 3.38±0.66 1.139 0.266
Note: BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pres-
sure; PP: pulse pressure; FBG: fasting blood glucose; TG: triglyceride; TC: total choles-
terol; HDL-C: high-density lipoprotein; LDL-C: low-density lipoprotein.

height (m). Clinical BP was 
determined by performing 
three systolic blood pres-
sure tests (SBP), and diastol-
ic blood pressure (DBP) me- 
asurements. Pulse pressure 
(PP) was calculated by SBP 
minus DBP. For office BP 
measurement, the patient 
was seated for at least 10 
min in a quiet room during 
the run-in period assess-
ment. Blood samples for me- 
asurement of the level of 
glucose, triglycerides (TG), 
total cholesterol (TC), high 
density lipoprotein-choleste- 
rol (HDL-C), low density lipo-
protein (LDL)-cholesterol we- 
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wave velocity (PWV), compliance coefficient 
(CC), and stiffness index (α and β) according  
to the following formulae: CC = π (Ds × Ds-Dd  
× Dd)/[4(Ps-Pd)]; α = ln (Ps/Pd)/[(As-Ad)/Ad];
PWV DBP/2= #b b t  where β = ln (Ps/Pd)/[(Ds-
Dd)/Dd], where As = systolic area, Ad = diastol-
ic area, Ds = systolic diameter, Dd = diastolic 
diameter, Ps = systolic blood pressure, Pd = 
diastolic blood pressure, Ρ = blood density.

Intra-observer and inter-observer variability

Ten patients were randomly picked among the 
SVD and control subjects. The imaging data 
was acquired twice, in two different sessions 
separated by 30 min, by the same operator. 
Then the data collection was performed by a 
different operator. Intra-observer and inter-
observer variability were assessed based on 
the acquired data.

Statistical analysis

All the data were presented with mean ± SD 
and Student’s t test was performed after pass-
ing the normality test. Bland-Altman plots were 
employed to assess the intra- and inter-observ-
er variability. P<0.05 was considered as signifi-
cant difference. Statistical analyses were per-
formed with SPSS software version 18.0 (SPSS 
Inc. Chicago, IL, US).

Results

Patient characteristics

The main clinical and pathological data for 
patients at the beginning of the study are 
shown in Table 1. SBP, DBP, PP and BMI were 

significantly higher in SVD group than control 
group (P<0.05). No significant difference was 
found on age, fasting blood glucose (FBG), TG, 
TC, HDL-C and LDL-C between 2 groups (P< 
0.05).

Arterial structure and stiffness comparison

As shown in Table 2, IMT (P<0.01), α (P<0.01), 
Β (P<0.01) and PWV (P<0.01) were significantly 
higher in SVD group than control group while CC 
(P<0.01) was significantly lower in SVD than 
that in control group.

Furthermore, we also compare these variables 
between right and left CCA. The left CCA IMT 
was significantly higher than that on right CCA 
in both SVD group (P<0.01) and control group 
(P<0.01). No significant difference was found 
on CC, α, β and PWV between right and left 
CCA.

Repeatability comparison

Intragroup and intergroup IMT and PWV values 
were comparable between different acquisi-
tions (intragroup: a mean bias of 5.6±11.49 
μm; intergroup: 1.3±43.50 μm for IMT; intra-
group: a mean bias of 0.001±0.329 cm/s; 
intergroup: 0.028±0.326 cm/s for PWV). Bland-
Altman analysis showed a consistent trend in 
the difference and mean values of IMT and 
PWV by repeated measurement (Figures 1 and 
2).

Discussion

The present study found decreased arterial 
elasticity of the CCA in patients with SVD com-
pared with normal subjects and demonstrated 

Table 2. Comparison of the diameter, IMT and elastic parameters of the common carotid artery (CCA) 
between the SVD group and control group

SVD Group (n = 50) Control Group (n = 53)
p value

SVD/Control left/right

Left CCA Right CCA Left CCA Right CCA Left 
CCA

Right 
CCA

SVD 
group

Control 
group

IMT (μm) 694.88±77.63 637.42±93.30 586.87±62.12 545.13±62.28 <0.001 <0.001 0.001 0.001
CC (mm2/KPa) 0.89±0.13 0.91±0.09 0.96±0.08 0.99±0.08 = 0.002 <0.001 0.487 0.088
α 5.68±1.23 5.46±1.19 4.77±0.62 4.74±0.96 <0.001 = 0.002 0.360 0.876
β 11.25±1.01 11.14±1.02 9.24±1.24 9.13±1.20 <0.001 <0.001 0.585 0.668
PWV (m/s) 9.49±1.09 9.29±1.05 7.22±1.11 7.07±1.22 <0.001 <0.001 0.348 0.513
Note: IMT: intima-media thickness; CC: compliance coefficient; α: stiffness indicator; β: stiffness parameter; PWV: pulse wave 
velocity.
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US RF technology can be used to non-invasively 
and quantitatively detect the change in the 
structure and function of the CCA in SVD sub-
jects for evaluating preclinical atherosclerosis.

SVD is a group of pathological processes with 
various aetiologies that affect the small arter-
ies, arterioles, venules, and capillaries of the 
brain. It is characterized by loss of smooth mus-
cle cells from the tunica media, deposits of 
fibro-hyaline material, narrowing of the lumen, 
and thickening of the vessel wall [8]. In addi-
tion, ischemic stroke can be caused by SVD. 
Until now, no consensus has reached on the 
etiology of the SVD and it is proposed that SVD 
is manifestation of multiple brain vessel risk 
factors and hereditary factors, including lacu-
nar infarcts and white matter lesion. SVD has 
an important role in cerebrovascular disease 
and is a leading cause of cognitive decline, 
functional loss and even vascular dementia. 

Currently, MRI is usually employed for SVD diag-
nosis. However, high cost, unsuitable for large 
population screen and contraindication caused 
by ferromagnetic materials hinder its use [9]. 
As a window of systemic atherosclerosis, carot-
id atherosclerosis has showed close relation-
ship with cerebral small vessel on pathology 
and morphology. Since vessel US has been 
widely used in the examination of carotid artery 
lesion, it can also be employed for SVD de- 
tection.

RF ultrasound could quantitatively detect the 
change in CCA-IMT and arterial elasticity at an 
early stage and IMT is associated with the 
degree of atherosclerosis [10]. Increased thick-
ness of IMT was found in the patient with hyper-
tension [11]. Sojkovaet et al [12] suggested 
that IMT is related to regional cerebral blood 
flow. We also found a significant increasing of 
IMT in SVD subjects than control subjects. 

Figure 1. Intra-observer repeatability of PWV and IMT measurements of the same patient at different time point. A. 
PWV; B. IMT.

Figure 2. Inter-observer repeatability of PWV and IMT measurements of the same patient at the same time point by 
two different observer. A. PWV; B. IMT.
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Previous studies also showed that side differ-
ences of carotid intima-media thickness were 
found in predicting cardiovascular events am- 
ong patients with coronary artery disease [13]. 
Furthermore, Luo et al suggested right CA-IMT 
correlated better with haemodynamic parame-
ters while left CA-IMT showed better correlation 
with biochemical indices [14]. In present study, 
we found the bilateral IMT were significantly 
higher in SVD group than control group and left 
CA-IMT was significantly higher than the right 
CA-IMT. These results were consistent with pre-
vious studies.

Since atherosclerosis is a long-term pathologi-
cal process, more and more attention have 
been paid to detect the structural changes 
before the onset of the disease. Recent studies 
have been shown that endothelial cell dysfunc-
tion serve as the early marker of atherosclero-
sis. It is well established that measurement of 
carotid arterial IMT is a valid method to define 
early atherosclerosis and to predict eventual 
cardiovascular events in the general popula-
tion. However, IMT can only reflect the structure 
feature of arterial wall but not the endothelial 
cell dysfunction. Many researches showed to 
us that arterial stiffness is correlated with the 
presence and severity of arterial atherosclero-
sis [15]. By using QAS techniques, high resolu-
tion ultrasound acquisitions based on RF sig-
nals allow us to assess local IMT and stiffness 
in a rapid and specific manner. And these fea-
tures make it possible in early prevention and 
diagnosis of SVD. In this study, the stiffness 
index (α, β) and PWV were significantly higher in 
SVD group than that in control group while com-
pliance coefficient (CC) was significant lower in 
SVD group.

Recent studies have shown a further associa-
tion between excessive pressure pulsatility and 
a number of afflictions of aging that share a 
predominant microvascular etiology, including 
many forms of kidney disease and cognitive 
impairment. In these disorders, microvascular 
remodeling and impaired regulation of local 
blood flow, which are related to large artery 
stiffness and pressure pulsatility, are associat-
ed with evidence of diffuse microscopic tissue 
damage [16]. Mitchell et al showed that aortic 
dilatation, wall stiffening and increased pulse 
wave velocity result from elastin fragmentation, 
leading to a premature reflected pressure wave 
that contributes to elevated PP [17]. Boss et al 

showed that stiffness index and 5-year predic-
tion of cardiovascular death were significantly 
higher in hypertension groups than control 
group [18]. These results support the early 
intervention of hypertension can slow down the 
progress of atherosclerosis. We found here 
that SBP and PP were significantly higher in 
SVD group than control group. These results 
suggested increased SBP and PP might be 
involved in the process of atherosclerosis and 
have impact on the elasticity of the artery.

Our study has several limitations. Firstly, the 
low patient number in SVD group might result in 
some degree of statistical error. Secondly, 
selection bias could be presented due to the 
higher admission rate of lacunar infarcts and 
severe clinical symptoms were found in the 
patients with SVD. Lastly, most of enrolled 
patients were presented with simple hyperten-
sion and the conclusion conducted here might 
only be suitable for those patients but not the 
patients with other diseases (such as diabetes, 
hyperlipidaemia and so on). Further studies are 
needed to confirm these conclusions.

In conclusion, we conducted that US RF tech-
nology can be used to non-invasively and quan-
titatively detect the change in the structure and 
function of the CCA in SVD subjects for evaluat-
ing preclinical atherosclerosis. However, fur-
ther studies are needed to confirm the conclu-
sion before its application in clinical practice.
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