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The paper describes the initial results of examinations of the intima-media thickness (IMT)
in the common carotid artery wall. The examinations of the IMT enable the assessment of
elastic properties of the arterial wall. Ultrasonic examinations were carried out on healthy
volunteers with the use the apparatus Vascular Echo Doppler(VED), designed by the authors
to measure the elasticity of arteries. Application of the PDA-14 PC-card (Signatec) allowed
for the acquisition of ultrasonic RF signal from the output of the apparatus VED and further
analysis of dynamic changes of the IMT during a heart cycle. Changing of the IMT in time as
a difference between the instantaneous position of the two tracking slopes of RF echoes was
obtained. For this purpose, the zero-crossing method for tracking the phase changes of the two
rising slopes of the RF ultrasonic echo was used.
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1. Introduction

The intima-media thickness (IMT) can be identified by the ultrasound measurement
as the distance between two parallel echogenic lines at the beginning of the far artery
wall, separated by a relatively hypoechoic central region [1, 2]. The IMT is considered
as a valuable marker of early atherosclerosis [3–7]. The automated detection of the IMT
based on ultrasound M-line signal processing was proposed by HOOKS et al. [8] and
WENDELHAG et al. [9]. New method of detection of the IMT changing, based on the
demodulated in quadrature ultrasonic signal, was proposedby HASEGAWA et al. [10].
Recently, examination of the change in the IMT of the common carotid artery wall is
also very useful in assessing the extent of atherosclerosisin humans [11–13]. This paper
presents initial results of ultrasonic measurements of thechanges in the IMT, based on
the analysis of the RF signal.
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2. Method and equipment

The study was carried out by means of a 6.75 MHz ultrasonic apparatus Vascu-
lar Echo Doppler (VED) [14], designed by the authors for the purpose of examining
the elasticity of arteries, and the 100 MHz, 14-bit Signatecdata acquisition card, type
PDA-14. 4098-point echoes were memorized in sequences repeated with the frequency
of 9 kHz.

The proposed method was verified in laboratory conditions. Laboratory researches
were carried out on an elastic pipe. The wall of the pipe consisted of three layers (Fig. 1).
The pipe was filled with water, the pressure of which was changed by a hydraulic pump,
type Superpump, made by Vivitro Systems Inc. (Canada).

Fig. 1. Cross-section of the elastic pipe.

The frequency of the pump was 1 Hz. During the research, the front surface of the
pipe wall was located in the focus of the ultrasonic probe (23mm). Figure 2 depicts
the RF signal of ultrasound echoes coming from the examined elastic pipe. Figure 3
depicts the change in the internal diameterD of the pipe, together with the change in
the IMT thickness of the examined pipe’s wall. The laboratory examinations show that
the measurement system allows to track of the changes in the IMT with accuracy of
about 2µm (in water). The common carotid artery wall is composed of three layers: the
adventitia, the media and the intima. The basic difficulty inthe ultrasonic examination

Fig. 2. RF of ultrasonic signal covering the elastic pipe distance.D – diameter of pipe, IMT – intima-media
layer of pipe.
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of the wall thickness is a limited longitudinal resolution of ultrasonic systems. If the
applied transmission frequency is between 5–10 MHz, the longitudinal resolution is
from 0.4 to 0.2 mm and is not sufficient to measure the thickness of the intima layer, the
dimension of which is less than 0.2 mm.

a) b)

Fig. 3. Diameter wave form (a) and IMT wave form (b) of the elastic pipe.D and IMT are expressed in
µs. Values of time correspond with the distance of internal diameter of pipe and the distance of the IMT

layer (Fig. 2).

For this reason, the intima-media thickness (IMT) was calculated on the basis of the
distance between the two successive echoes, which correspond to the reflection from the
intima and adventitia layers respectively. The examination of the IMT was carried out on
a group of nine volunteers aged between 22 and 71, without anysigns of arthrosclerosis
in the area of their carotid arteries. The volunteers were examined in lying position
and were previously informed about the purpose and the protocol of the research. Their
agreement was also obtained for the ultrasonic examination.

a)

b)

Fig. 4. The ultrasonic RF signal covering the common carotidartery distance (a) and second group of the
RF signal (b) coming from the posterior wall of the common carotid artery. Gates indicate the IMT.
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The method of defining the IMT thickness of the common carotidartery was based
on the detection and tracking of the RF signal area with the help of the zero-crossing
method (Fig. 4). It was assumed that the beginning of the IMT layer was the first sharp
slope of the ultrasound echo emerging from the echoes comingfrom the posterior wall.
As the end of the IMT layer was assumed the first sharp slope of the echo appearing soon
after the local, definite minimum of the echo amplitude, after which the local RF signal
became broader. The change in the RF signal was accompanied by a visible change in
the phase when the RF signal was close to zero (the IMT measurement is shown through
the range gate in Fig. 4).

The analysis of the IMT changes during beating of the heart was carried out on the
memorized RF signal using the program created in the Microsoft C++ language. After
the initial localization of the IMT layers with the use of cursors, the tracking process
of the slopes in the RF signal proceeded, with the use of the zero-crossing method, in
the second group of echoes coming from the examined artery (Fig. 4). In this way the
instantaneous values of the thickness of the IMT layer were obtained.

3. Results

Average measurement values of relative changes of artery diameter and relative
changes of the IMT are given in Table 1.

Table 1. Averaged results of measurements on the examined group.

Number Age Relative changes Relative changes
of people [years] of artery diameter [%] of IMT [%]

9 42±16 7.8±2.9 7.4±2.1

The results of measurements and calculations obtained for carotid arteries are given
in Figs. 5–7. Figure 5 depicts examples of changes in diameterD of the common carotid
artery and its IMT measurement during one heart beat.

a) b)

Fig. 5. Diameter wave form (a) and IMT wave form (b) of the common carotid artery of a 30 years old
male.
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The character of the human IMT shape changes is very close to that obtained by
software post-processing, published by CINTHIO et al. [15].

Figure 6b depicts the relative change in the IMT of the human common carotid
artery wall against the background of hypothetical relation of the relative change in the
IMT to age [16]. It is clearly visible on this graph that the relative change in the IMT
diminishes with age. The range of the relative changes in theIMT was found to range
from 10.6% for young people to 3.68% for older people. The relative change in the IMT
of the common carotid artery wall indicates also the association with one of the applied
indicators of the arterial elasticity – the logarithmic coefficient of the artery stiffnessα
introduced by POWAŁOWSKI and PEŃSKO [17].

a) b)

Fig. 6. Dependence between relative change in the IMT: and relative change in the diameterD (a) of the
human common carotid artery, and age (b).

Figure 7 depicts the comparison between the examined relative change in the IMT
and the logarithmic coefficient of the artery stiffnessα.

Fig. 7. Dependence between the relative change in the IMT of the human common carotid artery and the
coefficient of the artery wall stiffnessα = D2

d ∗ ln(Ps/Pd)/(D2
s − D2

d), whereD – artery diameter,
P – arterial blood pressure,s – systole,d – diastole [17].
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4. Conclusion

We have developed a new non-invasive ultrasonic method based on the RF signal
analysis, of measuring the intima-media thickness changesduring a heart cycle of the
far wall in the human common carotid artery. The evaluation shows that the resolution
is sufficient forin vivo studies. The results confirm the theoretical variation of the IMT
changing with age. The relative changes of the IMT is significantly correlated with
elasticity of the human common carotid artery wall. The proposed method of measure
of the IMT changes might improve the early stage diagnosis ofthe atherosclerosis, but
further investigations are needed.
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