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A system for the automatic assessment of the
aforementioned parameters from ultrasound images was
developed in our lab and, in this work, its reproducibility
on the carotid artery was evaluated.

Abstract
In this work the reproducibility of a system for the
automatic assessment of carotid intima-media thickness
and stiffness from ultrasound image sequences is
evaluated. Sequences of the right/left common carotid
arteries of 10 healthy volunteers were analyzed
repeatedly in order to evaluate the reproducibility
between observers and sessions; data were presented as
the coefficients of variation. Results regarding the interobserver and intra-observer intra-session variabilities
were comparable. Intra-observer intersession variability
was similar to those previously mentioned for the
parameters which were derived directly from the B-mode
image analysis, but larger for the others. The variability
of the data obtained with the system is comparable to that
reported in literature for other techniques used for the
evaluation of the mechanical properties of large arteries.
Thus, the reproducibility of our device, its low-cost and
flexibility make it suitable for large population studies.

1.

2.

Methods

The system
The device, which was introduced in [3], is able to
evaluate the instantaneous diameter of the artery by using
a contour tracking technique applied to B-mode
ultrasound image sequences of a longitudinal section of
the vessel. Moreover, the IMT can be measured
simultaneously.

Introduction

The identification of cardiovascular diseases at an
early stage is extremely important to prevent fatal events.
For this reason, besides general cardiovascular risk
factors, such as hypertension, diabetes, and smoking,
more objective indicators based on the measurement of
physiological parameters have been adopted. The
mechanical properties of large arteries are among these.
In particular, the increase of the Carotid Intima-Media
Thickness (IMT) and the increase of arterial stiffness are
thought to play a crucial role in the development of
cardiovascular diseases. IMT, which is defined as the
distance between the leading edge of the lumen-intima
interface and the leading edge of the media-adventitia
interface can be assessed by ultrasonography [1]. Indices
of local arterial stiffness [2] can be evaluated by
measuring the diameter change during the heart cycle
(stroke change in diameter or distension) from ultrasound
data in conjunction with the local pulse pressure.
ISSN 0276−6574

Figure 1. The system
The method is based on a new algorithm [4, 5] which is
particularly appropriate for ultrasound images because it
is robust to the speckle noise which is typical of
ecographic signals and it is suitable for real-time
implementation. The algorithm was implemented on a
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Variability

Observer

Session

Intraobserver intrasession

1

1

Interobserver intrasession

1

1

Interobserver intrasession

2

1

Intraobserver intersession

1

1

Intraobserver intersession

1

2

Measurements on each
subject
3 right carotid artery
3 left carotid artery
3 right carotid artery
3 left carotid artery
3 right carotid artery
3 left carotid artery
3 right carotid artery
3 left carotid artery
3 right carotid artery
3 left carotid artery

Table 1. Study protocol

inter-observer intra-session variability; both of them
acquired three image sequences of each vessel and
analyzed them by using our system.
Session 2
During the second session, which was held 7 days
later, operator 1 repeated the analysis in order to evaluate
the intra-observer intersession variability. In this case
also three image sequences of each vessel were acquired
and then analyzed by using our system.
The study protocol is described in Table 1. The probe
was removed and repositioned after each acquisition.
Moreover, the blood pressure of the arm was recorded
once per session, at the end of the scans.

stand-alone video processing system which is able to
acquire the analog video signal from any ultrasound
equipment and shows the results on a graphical user
interface in real-time (Figure 1). When an acquisition is
carried out, the mean of the distension values and the
mean of the diastolic diameter values of the last 8
seconds of the examination are evaluated. Moreover, the
mean value of the far wall intima-media thickness
measurements is also computed.
Study design
Longitudinal scans of the right and left carotid arteries
of 10 young healthy volunteers, 5 males and 5 females,
were acquired and analysed repeatedly in two different
sessions, 7 days apart. During the examination the
subjects were supine, at rest, and in a quiet air
conditioned room. During each session, the blood
pressure of the arm was recorded at the left brachial
artery using a Dinamap XL device.
The intima-media thickness (IMT), the diastolic
diameter (Dd), the stroke change in diameter (∆D), the
cross-sectional compliance coefficient (CC) and the
cross-sectional distensibility coefficient (DC) were
calculated on each ultrasound image sequence by using
our device. In particular, the cross sectional compliance
and distensibility coefficients were computed as:

Data analysis
The variability was presented as the coefficient of
variation (CV), which is defined as the ratio of the
standard deviation to the mean of the measurements;
values were expressed as a percentage.
The intra-observer intra-session variability was
computed as the mean +/- standard deviation of the CVs
between the three measurements performed by operator 1
on each vessel during the first session.
With regard to the inter-observer intra-session
analysis, the variability was evaluated as the mean +/standard deviation of the CVs between pairs of
corresponding measurements obtained on each vessel
during session 1 (one was performed by observer 1 and
the other by observer 2, respectively).
Finally, intra-observer intersession variability was
computed as the mean +/- standard deviation of the CVs
between pairs of corresponding measurements which
were performed by operator 1 during the different
sessions on each vessel.

CC = ∆A / PP; DC = CC/Ad
where ∆A represents the stroke change in lumen area, Ad
the diastolic lumen area and PP the brachial pulse
pressure, respectively. ∆A and Ad were evaluated from
the diameter values, assuming the cross-section of the
artery to be circular.
Session 1
During the first session two operators (observer 1 and
2) were involved in order to obtain the intra-observer and

3.

Results
The results regarding the repeated measurements are
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Variability
intraobserver
intrasession
interobserver
intrasession
intraobserver
intersession

IMT
7%±6%

Dd
2%±1%

∆D
11%±7%

CC
11%±7%

DC
13%±8%

8%±8%

3%±2%

11%±10%

12%±11%

13%±12%

6%±6%

3%±2%

12%±10%

16%±11%

17%±12%

Table 2. Mean coefficients of variation of the measurements

examination with regard to the technical difficulty of
ultrasound imaging and the variation in the physiological
condition of the subjects. It is also important to underline
that the examinations carried out in this study were
performed as in clinical practice, that is without using
time consuming expedients to improve their quality; in
some works present in literature a baseline image of the
analyzed vessel was exploited as a guide to match the
repeated images to the baseline image, whereas in other
studies the mean value of several acquisitions was
computed to improve the robustness of the results .
However, the reproducibility of the device is
comparable to that reported in literature for other
techniques used for the assessment of the wall properties
of large arteries [8, 9, 10, 11, 12, 13]. Furthermore, the
coefficients of variation evaluated here are comparable to
those presented, in previous years, for highly precise but
more expensive and complex ultrasound RF based
systems [14].
Finally, it is also important to underline that our
device can be easily integrated in medical labs since it
can be used with any ultrasound equipment.
In conclusion, the robustness of the system analyzed in
this paper is not influenced by the observers’ skill for
those parameters which directly derive from the B-mode
image analysis. Moreover, the results obtained in this
work are comparable to those reported in literature for
other techniques used for the assessment of the wall
properties of large arteries. Hence, the reproducibility of
our device as well as its low-cost and flexibility make it
suitable for large population studies.

shown in Table 2. The variability of PP between the two
sessions was 7%±7%.

4.

Discussion and conclusions

In recent years, great attention has been placed on the
assessment of the carotid intima-media thickness and
stiffness. In fact, vessel wall properties of large arteries
are thought to play a crucial role in the development of
cardiovascular diseases and they can be assessed by
analyzing image sequences obtained with ultrasounds,
that is with a non-invasive technique. Initially, the
analysis was performed manually, then automatic
systems were introduced to reduce the variability of the
measurements and to make them less time consuming. In
this work, the reproducibility of a device for the
automatic assessment of the carotid IMT and stiffness
was evaluated. In fact, it is very important to test the
robustness of systems like the device we propose, which
could be used in clinical applications or epidemiological
studies.
Results regarding the inter-observer and intra-observer
intra-session variabilities were comparable. Intraobserver intersession variability was similar to those
previously mentioned for IMT, Dd, and ∆D, but larger for
CC and DC; this is due to the fact that the evaluation of
the local stiffness parameters is influenced by the PP
measurement that presented a variation on its own,
whereas IMT, Dd and ∆D were derived directly from the
B-mode image analysis alone. We have to point out that
in this study, pressure was acquired in the brachial artery
and not in the carotid artery, which was the vessel under
investigation. Furthermore, the PP measurements were
not performed simultaneously with the acquisition of the
B-mode images. This temporal delay could have caused
random variations due to the lack of alignment between
the measure of the pressure stimulus and that of the
corresponding distension.
Moreover, it must be said that the results regarding
IMT and diameter here reported are worse than those
regarding the technical reproducibility of the device,
which was evaluated in previous works [6, 7], by
estimating the variability on the same image sequences. It
does however include important aspects of this type of
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