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Abstract 
The complete segmentation of the common carotid artery (CCA) bifurcation in ultrasound images is important for the 
evaluation of atherosclerosis disease and the quantification of the risk of stroke. The current research work further 
evaluates and validates a semi-automated (SA) snake’s based segmentation system suitable for the complete segmentation 
of the CCA bifurcation in two-dimensional (2D) ultrasound images. The proposed system semi-automatically estimates 
the intima-media thickness (IMT), the atherosclerotic carotid plaque borders and dimensions, the internal carotid artery 
(ICA) origin’s stenosis, the carotid diameter (D), as well as other geometric measurements of the atherosclerotic carotid 
plaque.  The system was evaluated on 300 2D longitudinal ultrasound images of the CCA bifurcation with manual (M) 
segmentations available from a neurovascular expert. No statistical significant differences between all M and SA IMT, 
plaque and D segmentation measurements were found. In a future study, texture features extracted from the intima-media 
complex (IMC) may be used to separate subjects in high and low risk groups, which may develop a stroke. However, a 
larger scale study is required for evaluating the system before its application in the real clinical practice. 
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1 Introduction 
Atherosclerosis of the carotid artery is a pathological process mainly affecting the common carotid artery (CCA) 
bifurcation and is one of the major clinical manifestations leading to cardiovascular disease (CVD) [1]. It causes thickening 
of the artery walls and may develop atherosclerotic carotid plaques that causes stenosis in the artery lumen, thus affecting 
the normal blood flow [1-4]. Atherosclerosis can result in heart attack and stroke [1-3, 5]. 

Carotid intima-media-thickness (IMT) is a measurement of the thickness of the innermost two layers of the arterial walls. 
The IMT provides the distance between the lumen-intima and the media-adventitia [2, 5] (see Figure 1, bands Z5 and Z6 at 
the far wall of the CCA). A B-mode ultrasound image, shown in Figure 1, presents the intima-media complex (IMC) at the 
far wall of the CCA (echo zones Z5-Z6), as a pair of parallel bands, being one echodense and the other echolucent. The 
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a stroke or a transient ischemic attack and had a mean±SD age of 66.32±8.79 years and an ICA of 51.05±11.51%. The 
third image set (DB3), used for the IMC and D segmentation, included 100 ultrasound B-mode images (44 women and 56 
men) acquired from normal subjects with no atherosclerotic disease.  They had a mean±SD age of 38.11±7.56 years and an 
ICA of 9.2±12.3%. All images display the vascular wall as a regular pattern (see Figures  1-4), that correlates with 
anatomical layers. They were acquired by the ATL HDI-5000 ultrasound scanner (Advanced Technology Laboratories, 
Seattle, USA) [19] with a resolution of 576×768 pixels with 256 gray levels at the Cyprus Institute of Neurology and 
Genetics, in Nicosia, Cyprus. We use bicubic spline interpolation to resize all images to a standard pixel density of 16.66 
pixels/mm (with a resulting pixel width of 0.06 mm) [20]. A written informed consent from each subject was obtained 
according to the instructions of the local ethics committee. 

Before the segmentation of the IMC, plaque and D, of the CCA all images were manually normalized [20] (see Figures 3 
and 4) and despeckled with the filter DsFlsmv introduced in Ref. [35] and evaluated in Ref. [7, 13-15, 18]. We present in Figure 
4 the M (left column of Figure 4) and the SA segmentations (right column of Figure 4, see subsection II.D) of the CCA 
bifurcation after image normalization and despeckle filtering.  

2.2 Manual IMC, plaque and diameter segmentation 
The delineations were made by the neurovascular expert (co-Author M. Pantziaris) on all the 300 2D longitudinal 
ultrasound images of the CCA bifurcation, after image normalization and speckle reduction filtering. The IMT was 
measured by selecting 20 to 30 consecutive points for the intima and the adventitia layers at the far wall of the CCA. The 
D was measured by selecting 20 to 30 consecutive points at the two walls (see Figure 1, boundaries I4 and I5) of the CCA 
and points were perpendicularly connected between walls [36]. The atherosclerotic carotid plaque was measured by 
selecting 20-30 consecutive points forming a closed contour at the far or near wall of the CCA. 

2.3 IMC, Plaque and lumen diameter contour initialization 
Before running the IMC, plaque, and D snakes segmentation algorithm, different IMC [7, 15], atherosclerotic carotid  
plaque [13], and D [18], initialization procedures [7, 13, 15] were carried out for positioning the initial snake contours as close as 
possible to the area of interest. The segmentation initialization procedure is illustrated in Figure 3 and described in detailed 
in Ref. [18].  

2.4 IMC, Plaque and diameter snakes segmentation 
The IMC, the atherosclerotic carotid plaque and the D of the CCA, were segmented after normalization and despeckle 
filtering, using a snakes based segmentation system developed in MATLAB® [7, 13, 15]. The segmentations were based on 
the Williams & Shah [37] snake segmentation method, which was used to deform the snake and segment the IMC, the 
atherosclerotic carotid plaque and the near carotid wall borders in each image. The snake v(s), adapts itself by a dynamic 

process that minimizes an energy function ( ( , )snakeE v s ) defined as [37]: 

i n t( ( ) ) ( ( ) ) ( ( ) ) ( ( ) )

( ( ( ) ) ( ( ) ) ( ( ) ) ( ( ) ) )

s n a k e i m a g e e x t e r n a l

s c o n t s c u r v s i m a g e e x t e r n a l

s

E v s E s E v s E v s

E v s E v s E v s E v s d s



  

   

    (1) 

where 
int ( ( ))E v s , ( ( ))imageE v s , ( ( ))externalE v s , ( ( ))contE v s , ( ( ))curvE v s  are the internal, image, external, continuity, and 

curvature energies of the snake, and ( )s , ( )s  and , ( )s  the strength, tension and stiffness parameters respectively. The 

method was introduced and evaluated in Ref. [7, 13, 15-18]. 

The extracted final SA contours (see Figure 4 right column), correspond to the adventitia and intima borders of the IMC at 
the far wall and the intima border at the near wall of the CCA as well as to the plaque borders. The D was then calculated 



http://jbei.sciedupress.com                                                            Journal of Biomedical Engineering and Informatics, 2015, Vol. 1, No. 1 

Published by Sciedu Press                                                                                                                                                                                     15

with the proposed integrated system also recently proposed in Ref. [18], in an area which was free of atherosclerotic plaques 
(see also Figure 4e and 4f). The distance is computed between the two boundaries (at the far wall for the IMT and at the 
near and far walls for the D), at all points along the arterial wall segment of interest moving perpendicularly between pixel 
pairs, and then averaged to obtain the mean IMT (IMTmean). Also the median (IMTmedian, Dmedian), IMT and D 
values, were calculated.  

  

(a) Original ultrasound CCA image (b) Normalized despeckled CCA image 

  

(c) Eroded binary CCA image (d) Edge CCA image 

  

(e) ROI manual positioning, interpolating spline and    
contour selection 

(f) Interpolating B-splines (initial snake contours) 

  

(g) Final SA CCA contours (h) M delineations of the CCA 

Figure 3. Plaque contour initialization procedure and final snake contours: a) Original ultrasound CCA image, b) Norma- 
lized despeckled image with DsFlsmv filter (2 iterations, window 3×3), c) binary image after dilation with a square 
window shape of size 9×9 after removing edges, d) edge image after removal of erroneous edges, e) ROI’s manual 
positioning, and interpolating splines and detected initial contours with contour selection, f) initial snake contours mapped 
on the image, g) final SA snake contours after snakes deformation, and h) M complete delineations of the CCA. 
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Table 1. M and SA IMT segmentation measurements (mm) for the CCA ultrasound images in Figure 4. Values are in 
(mm) 

 Case 1  Case 2  Case 3  

 M SA  M SA  M SA 

IMTmean 0.73 0.72 0.83 0.80 0.70 0.69 
IMTmedian 0.66 0.67 0.68 0.66 0.67 0.67 
Dmean 5.51 5.65 5.45 5.51 5.81 5.90 
Dmedian 5.78 5.75 5.56 5.49 5.73 5.77 
ICAsten (%) 47.4(12.4) 49.7(11.9) 38.8(14.4) 40.23(12.37) - - 

 Note. M: Manual, SA: Semi-automated, ICAsten: Internal carotid artery stenosis (mean [±SD]) 

Table 2 illustrates the M and the SA mean, SD and median segmentation measurements in millimeters for the IMT and D. 
These were performed on 200 subjects (100 normal + 100 diseased). We also present the percentage of ICA stenosis. Table 
1 shows, that M and SA IMT and D segmentation measurements are close. Furthermore, we may observe that generally the 
M measurements exhibit larger variability when compared to the SA for both the IMT and D segmentation measurements. 
After performing the non-parametric Wilcoxon rank-sum test, we found no statistical significant differences between the 
M and the SA (mean, median) segmentation measurements, for both the IMT and the D (see last column of Table 2). We 
may observe that for both the IMT and the D measurements of the CCA, the values obtained from the normal group of 
subjects are generally smaller than those of the symptomatic patients for both the M and the SA segmentation 
measurements. 

Table 2. Manual (M) and semi-automated (SA) mean, sd and median values for the IMC, d segmentation measurements 
and the ICA stenosis for the 100 normal subjects (normal) from DB3, and the 100 symptomatic (sympto) patients from 
DB1 investigated. Values are in (mm) 

 CCA M segmentation measurements  CCA SA segmentation measurements 
p-values (M vs SA) 
(mean/median)  Mean SD 

Median 
Q1/Q2/Q3 

 Mean SD 
Median 
Q1/Q2/Q3 

IMTsympto 0.96 0.32 0.80/0.97/1.02  0.95 0.22 0.84/0.93/1.04 .23/.42 
IMTnormal 0.75 0.14 0.63/0.78/0.88  0.74 0.11 0.61/0.77/0.86 .77/.61 

Dsympto 5.59 0.83 4.59/5.71/6.08  5.64 0.78 4.66/5.81/6.28 .72/.50 

Dnormal 4.74 0.86 4.22/4.72/5.18  4.83 0.82 4.28/4.79/5.21 .66/.49 

ICAsten 48.1% 11.52% -  51.05% 11.51% - .33/- 

ICAsten_normal - - -  9.2% 12.3% - -/- 

Note. SD: Standard deviation, IMTnormal, Dnormal, IMTsympto, Dsympto: M and SA IMT and D segmentation measurements from all normal and symptomatic subjects investigated in this study, ICAsten_normal, 
ICAsten: Internal carotid artery stenosis for the normal and the symptomatic group of subjects. Q1, Q2, Q3: Quartile ranges Q25%, Q50%, Q75% respectively. The p-values refer to Wilcoxon rank sum test 
performed on the mean and median M vs. SA measurements at p<.05. 

Figure 5 presents box plots for the mean and median M (_m), SA and the normal group segmentation measurements of the 
CCA for the IMT (see Figure 5a), and the CCA diameter, D (see Figure 5b), performed on the first  (DB1) and third image 
(DB3) databases (100 symptomatic subjects and 100 normal subjects). M and SA segmentation measurements are very 
close.  

Table 3 presents the Wilcoxon rank-sum test and the Spearman correlation coefficient, , between the M and SA IMT (-/) 

and D (/-) segmentation measurements for all 100 symptomatic patients (DB1) and all 100 normal (DB3) subjects 
investigated in this study. We found no statistical significant differences between the M and the SA segmentation 

measurements, performed on the symptomatic subjects, as well as relatively higher , between the M and SA segmentation 

measurements, for both the IMT and D measurements. We also found significant differences for all IMT and D 
measurements between the normal and the symptomatic SA as well as between the normal and the M segmentation 

measurements. Furthermore, we estimated generally lower correlation coefficients, , for both the M and the SA 

segmentation measurements performed on the symptomatic subjects, when compared with the segmentation 
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4 Discussion 
We integrated in this study three different segmentation techniques together into an integrated snake’s based segmentation 
system and further validated the system in 300 ultrasound images from three different databases, of the CCA bifurcation. 
The system is able to segment the IMC, the D, and the atherosclerotic carotid plaque as well as to estimate the ICA 
stenosis. The three different structures (IMC, D and atherosclerotic plaque) are important for the clinical expert in order to 
correctly evaluate the degree of stenosis and the severity of the atherosclerosis disease in an asymptomatic or symptomatic 
individual at risk of stroke. It should be noted that the SA segmentation system proposed in this study is suitable for the 
complete segmentation of the CCA bifurcation in ultrasound images. 

The results of this study showed that there are no statistical significant differences (see Tables 2 and 3) between the M and 
the SA segmentation measurements for the IMT, the D, and the atherosclerotic carotid plaque (see Table 4). The 
differences found in this study between the M and the SA segmentation measurements (see Table 2, Figures 5 and 6) are in 
general small, as also reported in other studies for the IMT [6-9, 41], the D [10, 12], and the atherosclerotic carotid plaque [13, 14]. 
Furthermore, it was shown in this study that the SA segmentation measurements for the IMT, the atherosclerotic plaque 
and D are very close to the M segmentation measurements (see Tables 2-5) as also reported in Ref. [6-15].  

As shown in Table 2, the mean IMT for the symptomatic subjects (IMTsympto) was for the M measurements (0.96±0.32) 
mm while for the SA measurements was (0.95±0.22) mm. In both cases (M and SA) higher values were estimated when 
compared with the values estimated for the normal group of subjects (IMTnormal: (0.75±0.14) mm vs. (0.74±0.11) mm for 
the M vs. SA respectively) [41]. This may be attributed to the fact that the patients investigated in this study were 
symptomatic at risk of atherosclerosis with relative high age (66.32±8.79 years old). Similar findings were also reported in 
Ref. [6-9, 41, 42]. It has also been reported in the literature [6-9, 15, 20, 37], that normal IMT values lies between 0.6 mm and 0.8 
mm and that symptomatic subjects at risk of atherosclerosis exhibit higher IMT values [41, 43]. The D, as well as the ICA 
stenosis (9.2%) found in this study for the normal individuals are also consistent with results in Ref. [10-12] and are 
considered to lie within the normal range of values. 

The  between the M and the SA measurements found in our study was not high (see Table 3), while =0.86 [44], =0.72 [45] 

with lower SD for the SA method, =0.74 [46], whereas where 2,146 participants took place =0.34 [47]. In Ref. [48, 49] a 

larger =0.8 was reported where IMT was less than 0.9 mm. The difference in the agreement between those studies and 

our study may also be explained due to the different study settings, the study population, different observers, and a 
different way of ranking. It should be however noted that differences across studies in study populations may explain part 
of the findings. In most of the earlier studies, the study population consisted of healthy, young subjects. At younger ages, 
carotid IMT is more similar along a section of the carotid artery. Consequently, measurements in the CCA may tend to be 
more similar, and thus better agreement is found. The present study was performed in older patients with manifest vascular 
disease. 

From Table 3, we may also observe that the agreement between the M and the SA plaque segmentations is good and that 
the system agrees with the expert in (85.42±8.1)% of the cases for non-detecting a plaque and in (92.1±7.6)% of the cases 
for detecting a plague. Additionally, a higher Williams index (84.6%) and a higher overlap (74.7%) was reported is this 
study in comparison with Ref. [13], performed on 80 ultrasound images of the CCA for the segmentation of the 
atherosclerotic carotid plaque, where lower values were reported (Williams index=80.66%, Overlap=69.3%). Rocha et al. 
also reported a sensitivity of 95% by segmenting the atherosclerotic carotid plaque using dynamic programming [14]. A 
number of other studies investigated segmentation of the CCA plaque [16], and their results are comparable with those 
found in this study. We can thus conclude that the SA measurements performed in this study are as much reliable and 
accurate as the M measurements performed by the neurovascular expert and therefore the system might be used in the 
clinical praxis. Specifically the system can aid the physician in carrying out the segmentation task. It is clearly stated that 
it is not the purpose of the system to replace the physician but to support it at its best. 
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The main conclusions resulting from this study were supported by other independent investigations which reveal that an 
IMT higher than 0.9 mm-1.0 mm [10-15] indicates potential atherosclerotic disease, which translates into an increased risk of 
a CVD event. Hence, the robust segmentation and measurement of the IMT as well as the atherosclerotic carotid plaque by 
B-mode ultrasound has a considerable impact in the early diagnosis of atherosclerosis, prognosis evaluation and 
prediction, and in the monitoring of response to lifestyle changes and to prescribed pharmacological treatments [1, 2].  

We also found in this study, as well as in other studies performed by our group [7, 15, 32] an increase of carotid IMT with age 
and this is also in accordance with other studies [51, 52]. This increase of IMT with age reflects a progression of athero/ 
arteriosclerotic changes following a natural ageing process.  

Compared with normal subjects, symptomatic patients at risk of atherosclerosis had increased CCA D (see Table 2: 
5.59±0.83 vs. 4.74±0.86 mm; p<.001), and larger CCA IMT (0.96±0.32 mm vs. 0.75±0.14 mm; p<.001). A small D 
reflects to a healthy vasculature that is able to maintain an optimal balance of shear and tensile stress [53]. An enlarged D is 
less able to effectively control levels of shear stress. This can make the artery vulnerable to injury and atherosclerotic 
development [54]. It should be finally noted that the time required for the proposed segmentation system to fully segment 
the CCA bifurcation is about 35 seconds.  

It should be finally noted that the system evaluated in this study has been also proposed in Ref. [18] where only a small set 
of image were used to evaluate the system. The relative large number of ultrasound images used (300 images) in this study 
further validates the system.   

A number of limitations are discussed in Ref. [7, 13, 15-18] by also taking into consideration the follow up of the patients as 
well as take into account additional variables, such as age, sex, weight, blood pressure and others for better evaluating the 
risk of stroke in this group of patients. Acoustic shadowing, speckle noise [6, 7, 13, 17], as well as extensive echolucency, 
calcification and the positioning of the initial snake contour as it was discussed in Ref. [7, 13, 15-18], may cause additional 
problems in the processing of the images.   

In a future work we will investigate a possible incorporation of the proposed SA segmentation system into a commercial 
computer aided diagnostic system that supports the texture image analysis of the segmented IMC and plaque areas, as 
documented in Ref. [32]. Furthermore, the motion characteristics of the arterial wall in ultrasound videos of the CCA [33], 
wall stress parameters of the atherosclerotic plaque [34] and environmental and genetic factors that may influence the 
development of plaques [55] may investigated. Furthermore, to incorporate the extraction of texture features [56, 57] from the 
IMC and the atherosclerotic carotid plaque, from ultrasound images and or videos which can be used to separate subjects 
in high and low risk groups for developing a stroke as it was also shown in Ref. [32, 57]. Finally, the use of despeckle filtering 
in ultrasound image [58] and video [59] segmentation of the atherosclerotic carotid plaque could be investigated for 
increasing the visual performance, and the M as well as the SA image and video segmentation accuracy of the IMC and 
plaque [33] of the CCA in this group of subjects. 

5 Concluding remarks 
In this work we integrate different existing 2D snakes based segmentation techniques together for the IMT, plaque and D 
segmentation and validated the system in 300 ultrasound images. We found no statistical significant differences between 
all M and SA segmentation measurements of the CCA. We thus anticipate that the proposed system might be used in the 
clinical praxis to complement M measurements. It should be noted that the SA integrated segmentation system proposed in 
this study is suitable for the complete segmentation of the CCA. We also anticipate in the future to apply the proposed 
system in a larger group of subjects and to extract texture characteristics from the segmented areas (IMC, media layer and 
carotid plague). These texture characteristics can then be used to classify or separate subjects with increased IMC 
structures, as it was shown in Ref. [32], as well separate normal and disease subjects, in different risk groups. Additionally, 
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features extracted from the atherosclerotic carotid plaque, may be used for the separation between asymptomatic and 
symptomatic subjects. However, a larger scale study is required for evaluating the system before its application in the real 
clinical praxis as an aid to the physician. 
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