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Summary 
 
Non-invasive estimates of common carotid artery (CCA) anatomical features by means of 
ultrasound (US), including diameter and intima-media thickness (IMT), are gaining 
importance for estimation of arterial mechanical properties in relation to prevention and 
treatment of cardiovascular diseases, and assessment of cardiovascular risk. Many different 
image processing methods are nowadays available for assessing CCA diameter and IMT on 
2-dimensional ultrasonic images, usually based on the grey level gradient or on active 
contours. Those methods present common drawbacks related to user interference and to 
pre-processing of the ultrasound images for visual optimization. 
 
In this thesis we introduce new computational methods for processing of longitudinal B-mode 
US scans of the CCA. They are based on the direct analysis of ultrasound radio-frequency 
signals, for the automatic estimation of the time-dependent CCA position, CCA orientation, 
CCA internal and external diameter, and CCA IMT of both near and far arterial walls. Echo-
images show an artery as an area with a low signal level (lumen) bounded by a structure 
producing a double line pattern. The inner line is generated by the lumen-intima transition, 
followed by a region with a relatively low echo-level (the media) and a region with a rather 
high amplitude (the adventitia and surrounding tissue). We focused on implementing 
algorithms that can provide sonographers an improved feedback during ultrasound B-mode 
scans.  
 
Chapter 1 presents a general introduction about cardiovascular disease, and non-invasive 
estimation of arterial properties by means of ultrasound. Chapter 2 introduces basic 
concepts of ultrasound physics and technology.  
 
An in-depth analysis of the effects of non-linear ultrasound image presentation (logarithmic 
compression and signal saturation) on automatic CCA external diameter estimation is 
provided in Chapter 3. Two different edge detection methods are compared on 41 
acquisitions from 14 healthy subjects: sustain-attack filter and derivative approach. Diameter 
values assessed with the sustain-attack filter are unaffected by logarithmic compression. 
The estimated diameters values obtained with the derivative approach instead show 
differences in the order of 10% due to compression. Also saturation affects the derivative 
more than the sustain-attack filter. Therefore the sustain-attack filter is more suited for 
vascular ultrasound image segmentation algorithms. 
 
Chapter 4 introduces a novel algorithm for the automatic recognition of the CCA in 
ultrasound images, based on decimation, template matching and clustering. It allows fully 
automatic arterial segmentation without user interference. The processing parameters are 
tuned via off-line testing on 128 echo data recordings from 45 subjects. Correct and fast 



 

recognition of the artery is achieved in more than 98% of the 6185 processed frames, 
proving that the proposed automatic algorithm is suitable for real-time recognition of the 
CCA. 
 
Chapter 5 describes a method, based on the sustain-attack filter, for the estimation of local 
orientation and curvature along the CCA centerline, in combination with a directional 
smoothing of the CCA walls for better precision in external diameter estimation. The method 
is tested on 30 US recordings from 10 healthy volunteers. The algorithm successfully detects 
CCA orientation, curvature and diameter for every subject considered. The standard 
deviation of wall position estimates decreases significantly when the proposed pre-
processing is applied. Moreover, it allows correction of the diameter values based on local 
orientation. 
 
Chapter 6 introduces an automatic methodology for the combined estimation of internal and 
external CCA diameter waveforms, as well as IMT waveforms of both carotid walls. The 
algorithm, based on the sustain-attack filter and on the multiscale anisotropic barycenter 
(MAB), iteratively searches for the lumen-intima transition within a small region of interest. 
An automatic measure of the quality of the US beam incidence for each wall is 
superimposed on the CCA contour overlays for visual feedback. Validation is carried out on 
36 acquisitions from 12 healthy volunteers, as well as on synthetic images. Results indicate 
good accuracy and precision, with Intra-recording beat-to-beat variations on average lower 
than 50 µm for external diameter and IMT, and lower than 100 µm for internal diameter. 
Improved precision of the estimates is relevant for a parameter such as IMT, which has a 
small annual increase of less than 10 µm/y. The beam incidence control significantly 
increases the repeatability of IMT estimates, and is intended to actively motivate 
sonographers to maintain a proper scan plane throughout the acquisition. This minimizes the 
incidence of confounding factors in non-invasive CCA ultrasonic examinations. 
 
Discussion and conclusion of the thesis are presented in Chapter 7. We conclude that the 
automatic algorithms introduced effectively reduce the variability of the estimates, while 
compensating for typical nuisances of ultrasound imaging due to speckle and presentation 
strategies. This will facilitate comparison of results from different clinical studies in large 
clinical trials, and permit population studies to reach clinical relevance with a lower number 
of recruited subjects. The methods introduced in this thesis allow further standardization of 
ultrasound protocols for the assessment of CCA morphological and dynamic properties. 
Automation of routine scans (artery position, orientation, delineation, and scan plane control) 
gives improved feedback to sonographers, allowing them to fully concentrate on image 
acquisition and increasing the robustness of outcomes in non-invasive vascular ultrasound. 

 
 

 


