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Description

FIELD OF THE INVENTION

[0001] The invention relates to measuring arterial pa-
rameters, more particularly to a non-imaging and non-
invasive mode of measuring the arterial parameters.

BACKGROUND

[0002] Atherosclerotic cardiovascular disease is one
of the major causes of death in humans. An early detec-
tion of the atherosclerotic condition is very important in
preventing certain cardiovascular events such as stroke,
myocardial infarction etc. Studies have shown that the
arterial stiffness and the measurement of the same, by
detecting the changes in the vessel wall can be used as
one of the primary parameter for the early detection of
atherosclerotic cardiovascular disease, though the lumi-
nal narrowing may not be present at this stage. Changes
in the vessel wall can be measured using the Pulse Wave
Velocity (PWV), which is considered to be more reliable
as compared to other techniques available for such
measurements.
[0003] Currently, with the existing setup, PWV is meas-
ured between the carotid and femoral arteries thus mak-
ing a global measurement that is non-imaging. However,
localized measurement for the specific artery or the blood
vessel renders the diagnosis more accurate. In this re-
gard, localized measurement is done using imaging
based ultrasound techniques. Also, in the non-imaging
global measurement of the PWV, the carotid and femoral
waves are normalized separately with the electrocardio-
gram (ECG) gating, since it is not possible to analyze
these two waves simultaneously. In other words, the
PWV measurement involves measurements from two lo-
cations of anatomical structures with gated ECG and the
measured value is approximate as the exact distance
between the carotid and femoral arteries varies from one
subject to the other.
[0004] US2014303501A1 discloses two probes having
different specifications for diagnosing a target object, and
obtaining measurements thereof. Since, the probes has
different specifications, their operating schema is also
different, and hence may be required to synchronize with
each other.
[0005] The article by Zhen Wang et al., "Noninvasive
Method for Measuring Local Pulse Wave Velocity by Dual
Pulse Wave Doppler: In Vitro and In Vivo Studies", PLOS
ONE, March 2015, discloses a noninvasive dual pulse
wave Doppler (DPWD) method, which involves simulta-
neous recording of flow velocity of two independent sam-
ple volumes with a measurable distance, for measuring
the local arterial pulse wave velocity (PWV). In particular,
blood flow velocity spectra at two different nearby sites
were recorded simultaneously, and local arterial PWV
was obtained by distance measurement of the observed
segment divided by the transit time of the pulse wave on

the DPWD spectra.
[0006] WO 2014/181961 A1 discloses a detachably
joined ultrasonic probe device.
[0007] Therefore, there is a need for a localized PWV
measurement using non-imaging ultrasound technique,
and also capable of measuring the Peak Systolic Velocity
(PSV) of carotid artery and PWV between carotid and
femoral arteries besides measuring PWV of the carotid
artery. The invention is aimed at overcoming the problem
and providing a solution as stated herein before.

OBJECTS OF THE INVENTION

[0008] It is an object of the invention to provide a sys-
tem that can measure the PWV locally at the carotid ar-
tery;
It is another object of the invention to provide a system
that can measure the PSV locally at the carotid artery;
It is yet another object of the invention to provide a system
that can measure the PWV between the carotid and fem-
oral artery;
It is further object of the invention to provide a system
that can measure the PWV and PSV using non-imaging
ultrasound;
Another object of the invention is to provide a system that
eliminates the need for normalizing the waves measured
with the ECG gating;
Further object of the invention is to provide a method to
measure the PSV and PWV locally at the carotid artery,
and of the PWV between the carotid and femoral arteries
using the system of the invention.

SUMMARY OF THE INVENTION

[0009] The invention is defined in the claims.
[0010] In one aspect of the invention, there is provided
a system for measuring arterial parameters using non-
imaging ultrasound. The system of the invention com-
prises an acquisition unit for acquiring doppler ultrasound
signal from a blood vessel and a processing unit for
processing the acquired doppler ultrasound signal and
to determine the changes in the blood vessel through the
measurements of at least Peak Systolic Velocity (PSV)
and Pulse Wave Velocity (PWV). The acquisition unit
comprises an ultrasound probe having a plurality of trans-
ducer elements arranged in a grid configuration, and
comprising a first probe and a second probe detachably
connected to each other.
[0011] It is advantageous to have an ultrasound probe
that can be used in the measurement of PSV and PWV
locally, and of the PWV globally, to enable improved di-
agnosis by detecting the changes in the blood vessel
correlating to the stiffness in the blood vessel and of the
early detection of atherosclerotic condition. The first
probe is arranged to acquire a first Doppler signal and
the second probe is arranged to acquire a second Dop-
pler signal originating from a different location in the blood
vessel than the first Doppler signal. The system further
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comprises a processing unit for processing the acquired
Doppler ultrasound signal and to determine, based on a
time delay between the acquired first and second Doppler
signals, the changes in the blood vessel through the
measurements of at least Peak Systolic Velocity (PSV)
and Pulse Wave Velocity (PWV).
[0012] The invention provides a solution through a non-
imaging and non-invasive system and method for meas-
uring arterial parameters. The invention also provides an
ultrasound probe that can be used in a split configuration
and integrated configuration that enables it to measure
the PSV and PWV locally and of the PWV globally.
[0013] The transducer elements are capable of being
operated individually or collectively besides its capability
of being used simultaneously or separately. The trans-
ducer elements may also be used in a non-phased man-
ner.
[0014] In another aspect of the invention, there is pro-
vided a method for measuring arterial parameters using
non-imaging ultrasound as defined in claim 9.
[0015] In one of the embodiment of the invention, the
method of the invention is performed by the system of
the invention.

BRIEF DESCRIPTION OF THE DRAWINGS:

[0016] With reference to the accompanying drawings
in which:

Fig. 1 shows a system for measuring arterial param-
eters, in accordance with the invention;
Figs. 2a and 2b show an ultrasound probe in inte-
grated configuration and split configuration, respec-
tively;
Fig. 3a and 3b illustrates a set up measuring PWV
and Doppler ultrasound acquired at two different lo-
cations, respectively;
Fig. 4 illustrates the acquisition of doppler ultrasound
information from an artery of interest;
Fig. 5 depicts the echo pattern obtained at different
part of an artery of interest; and
Fig. 6 shows a method of measuring arterial param-
eters, in accordance with the invention.

DETAILED DESCRIPTION

[0017] Pulse Wave Velocity (PWV) is a measure of ar-
terial stiffness or the rate at which pressure wave move
down the blood vessel, and is a highly reliable prognostic
parameter for cardiovascular morbidity and mortality. As
blood flows through the blood vessels of the circulatory
system, it moves out of the left ventricle and into the aorta
where it is then pushed through the rest of the circulatory
system. During systole, the contraction of the left ventri-
cle and the ejection of blood into the ascending aorta
acutely dilate the aortic wall and generate a pressure
wave that moves along the arterial tree. The velocity of
this movement gives a measurement of arterial compli-

ance. With age or due to changes in the arterial wall,
these blood vessels become stiffer and the speed at
which the pressure wave moves through the system in-
creases.
[0018] In addition to this, there are reflected pressure
waves that move back towards the heart at the end of
the systolic period. When the pressure waves move fast-
er through the arteries, the reflected waves will also move
back quicker. This causes more work on the cardiovas-
cular system due to the increased afterload on the ven-
tricle resulting in a greater systolic pressure needed to
overcome this afterload. PWV is ideally computed by us-
ing two pressure catheters placed at a known distance
from one another, referred to as the Pulse Wave Dis-
tance. The time it takes for the pressure wave to go from
the upstream pressure catheter to the downstream pres-
sure catheter provides the Pulse Transit Time (PTT).
PWV can then be calculated by dividing the distance by
the transit time providing a measure of cardiovascular
health.
[0019] Among the different approaches currently avail-
able for evaluating arterial stiffness, the most widely used
is the aortic pulse wave velocity, specifically in the area
running from the aortic arch or common carotid artery to
the common femoral artery. Typically, the pulse wave is
detected by pressure transducers or arterial tonometry.
The measurement of PWV between the carotid and fem-
oral arteries is made by dividing the distance from the
carotid point to the femoral point by the transit time.
[0020] Hence, 

[0021] Transit time is estimated by the foot-to-foot
method. The foot of the wave is defined at the end of
diastole, when the steep rise of the waveform begins.
The transit time is the time of travel of the foot of the wave
over a known distance. Whereas the distance is a fixed
parameter, the transit time has certain variability, de-
pending on factors such as cardiac conduction and
rhythm. Considering this, most methods take the average
of several measurements. Although it is not possible to
analyse the carotid and femoral waves simultaneously,
it is normalized separately with the electrocardiogram
(ECG) gating. A pulsed Doppler ultrasound with a Linear
Array probe, synchronized with ECG and a minimum slid-
ing window is used. The examination begins with the pa-
tient in a supine position after locating the carotid artery
with B-mode at the supraclavicular level. Then the wave
Doppler flow is identified simultaneously with ECG. The
process is repeated on the common femoral artery in the
groin. Each recording involves two or three cardiac cy-
cles. To obtain the transit time (TT), it is measured from
the R wave of QRS to the foot of the waveform using
digital callipers.
[0022] The current approach described herein before
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has certain drawbacks that includes but not limited to
obtaining measurements from two locations of anatom-
ical structures with ECG gating and the measured value
is approximate, as the exact distance between carotid
and femoral arteries varies from subjects. Also, this pro-
vides the measurement of PWV globally and not of artery
of interest locally. Besides this, an additional device such
as ECG needs to be interfaced to obtain the transit time.
[0023] The invention provides a system and a method
for measuring arterial parameters like PWV and PSV us-
ing a non-imaging and non-invasive based approach, lo-
cally and globally without ECG gating.
[0024] The invention is further described hereinafter
with reference to Figs. 1 to 6 through non-exhaustive
exemplary embodiments.
[0025] In Figs. 1 and 6, a system (100) and a method
(600) for measuring arterial parameters is shown. The
system (100) comprises an acquisition unit (101) for ac-
quiring Doppler ultrasound signals from a blood vessel,
in accordance with the method step (601). The acquisi-
tion unit (101) has an ultrasound probe (102) having a
plurality of transducer elements arranged in a grid con-
figuration. The ultrasound probe (102) has a first probe
and a second probe detachably connected to each other.
As shown in Fig. 2a, a latching mechanism (201) is pro-
vided to latch the first probe (102a) and the second probe
(102b) to provide a single probe in an integrated config-
uration of the ultrasound probe (102). In Fig. 2b, the latch-
ing mechanism (201) is shown in a detached manner to
provide two probes namely, the first probe (102a) and
the second probe (102b) detached from each other in a
split configuration of the ultrasound probe (102). The
transducer elements (202) of the ultrasound probe (102)
are provided to operate individually or collectively, and
may also be operated simultaneously or separately, in a
non-phased manner. Also, the transducer elements of
the ultrasound probe (102) are provided to produce col-
limated beam in a region of interest. As shown in Fig. 3a
the ultrasound probe (102) is used in a split configuration
with split probes (102a and 102b) to obtain PWV meas-
urement locally, in accordance with one preferred em-
bodiment of the invention. Doppler ultrasound waves are
obtained from two different locations A and B in an artery,
as shown in Fig. 3b. The Doppler ultrasound waveforms
in first row and nth row of the transducer elements ar-
ranged in a grid will have time-shift with respect to each
other. If, it is acquired simultaneously, this shift is related
to the time taken for the cardiac pulse wave to travel
cross the blood vessel from first row to the nth row. The
time delay (D) between the two signals is computed from
the Doppler ultrasound signal obtained from the locations
A and B, where the A and B are located apart at a distance
L. The PWV is estimated as follows: 

[0026] The signal frames of the Doppler ultrasound sig-
nal are obtained over a particular interval of time as
shown in Fig. 4, in respect of the blood vessel or artery
of interest. The ultrasound probe (102) placed on the
surface of the body sends ultrasound pulses into the body
passing through the soft tissues (401) to reach the artery
(402) like carotid artery. The ultrasound sound pulses
(403) from the ultrasound probe (102) is shown reaching
the farther wall of the artery (402) and the same been
reflected. The reflected ultrasound pulse is shown as
(404). Apparently, the ultrasound pulses are transmitted
and the same gets reflected from the near, as well as far
walls of the artery whose diameter is D. The echoes are
received by the same ultrasound probe (102). The data
frame (F1, F2 and F3) containing amplitude information
A (a, u) formed over time interval T (ms), of the reflected
echoes are shown. The diameter of the blood vessel or
the artery is estimated in terms of the difference between
the times of arrival of the two echoes (Δt) scaled by the
sound velocity (v) as follows: 

[0027] Fig. 5 shows the echo patterns (1, 2, 3, 4) after
the ultrasound waves gets reflected from the different
anatomical site such as adventitia (501), media (502) and
intima (503) of the blood vessel or artery (500) of interest.
The transition from the inner layer of the wall (503), inti-
ma, to the cavity inside the artery, lumen (504) produces
a distinct echo, visible both at the near wall and the far
wall. A stronger echo represents the outermost layer, the
adventitia (501). The middle layer, media (502), is hypo-
echoic. Different echo pattern that are obtained and suc-
ceeding the gates are tracked based on the threshold to
determine the anatomical structure from which it is re-
flected.
[0028] Echo pattern obtained is used to compute the
distension waveform as it could be observed that the
echo’s obtained from an artery over the different regions
as shown in Fig. 5 is not uniform.
[0029] The signal obtained from the ultrasound probe
is affected with noise and transient behavior. The raw
echo signals are preprocessed, in accordance with the
method step (602) to improve SNR and the transients
are removed by using matched filter followed by each
row of RF data is filtered with band pass filter. Then a
non-linear gain is applied to suppress high amplitude re-
flections from skin gel interface.
[0030] Then, the envelope e(t) of the gain compensat-
ed signal x(t) is calculated using Hilbert transform. 

where 
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[0031] In method step (603), the processing unit de-
tects the flow of blood in a blood vessel and identifies the
blood vessel or the artery. Accordingly, the far wall and
the near wall of an artery can be separated by performing
the echo gate tracking. The echoes are identified to find
the region of interest in acquired signals where the ana-
tomical structure of an artery could be located. To identify
the region of interest from an echo pattern, a probabilistic
approach such as Maximum Likelihood approach is
used. Firstly, the energy plot for the given signal is ob-
tained using sliding window approach and regions of
maximum energy are identified and various features are
extracted from these regions of interest for different pa-
tients across frames. The feature data is trained using a
Gaussian mixture model by obtaining mean and covari-
ance. On providing a test frame, features are extracted
and tested against the model built to provide the likeli-
hood of region of interests. The data are classified based
on a single class approach such as wall class approach.
The method uses a cut-off value of likelihood to assign
points to wall class.

where,

d- dimension of feature vector
c- covariance matrix
m- mean of Gaussian
x- feature vector for test point

[0032] The artery of interest, so identified is mapped
to RF data for computation of artery specific distension
waveform. The distension waveform of the blood vessel
or the artery can be measured by continuously tracking
the movement of the echoes coming from the walls of
the blood vessel or the artery, in accordance with the
method step (604).
[0033] Further, the variation of the blood flow during
systolic and diastolic causes the change in the elastic
property of an artery. This change in elastic property is
manifested in diameter change of the artery. Based on
the echoes obtained due to wall motion, successive sig-
nal frames are analyzed, and the distension waveform
of the artery is computed as the difference between the
near and far wall movements.
[0034] Considering the echoes obtained in two suc-
cessive acquisitions, NWi(t) be the near wall echo and
FWi(t) be the far wall echo in the ith acquisition. Now, the
near and far wall echoes obtained in the next iteration
may be expressed as 

where Ófw and Ónw are the shifts in the near and far wall
echoes, respectively. Echo tracking involves estimating
these shifts and following the movement of the echoes
accordingly. To estimate the time shift of the echoes in
between successive acquisitions, a shift and search ap-
proach is employed, and is ideal to compute the maxi-
mum cross correlation between the signals NWi(t) and
NWi+1(t) and estimating the shift Ófw and Ónw as the time
corresponding to maximum of the cross correlation.
[0035] Once the delay is identified, the wall movements
are computed based on the sound velocity (v) 

[0036] The artery distension waveform is computed as
the difference between the near wall and far wall move-
ments and is given by 

[0037] Substituting t=(i/fprf), the distension waveform
Δd(t) can be determined as follows 

[0038] From the above mentioned distension wave-
form, peak to peak distension can be computed, which
can be used to measure other arterial compliance meas-
ure.
[0039] The pressure change in an artery is manifested
better, by the change in cross section of an artery. Arterial
wall cross-section as function of time is further computed
based on distension waveform by the following equation. 

[0040] The functional relationship between the blood
pressure waveform p(t) and arterial wall cross section
A(t) is established as follows 
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[0041] Where po is constant and γ varies between ar-
teries of a patient and across patients. A look up table
and arterial model is required to measure respective γ
for the artery of interest.
[0042] From the equation p(t) = poeγA(t), the pressure
wave form can be computed, in accordance with method
step (605). Also, systolic, diastolic and mean arterial
pressure could therefore be estimated. It is hereby pos-
sible to continuously monitor the blood pressure for an
artery of interest in non-invasive and non-imaging based
approach.
[0043] As the change in diameter and the pressure as-
sociated with artery of interest are available, other arterial
compliance measures such as Elastic modulus, Arterial
distensibility, Arterial compliance and Stiffness index can
be computed as below, where Ps is systolic and Pd is
diastolic pressure.

[0044] The disclosure therefore provides continuous
measurement of localized blood pressure of the artery
of interest along with other arterial parameters and arte-
rial compliance measures.
[0045] Only certain features of the invention have been
specifically illustrated and described herein, and many
modifications and changes will occur to those skilled in
the art. The invention is not restricted by the preferred
embodiment described herein in the description. Certain
aspects of the invention that not been elaborated herein
in the description are well understood by one skilled in
the art. Also, the terms relating to singular form used
herein in the description also include its plurality and vice
versa, wherever applicable.
[0046] Thus, it will be appreciated by those skilled in
the art that the present invention can be embodied in
other specific forms without departing from the scope of
the invention as defined in the appended claims.

Claims

1. A system (100) for measuring arterial parameters
using non-imaging ultrasound, the system compris-
ing:

Elastic modulus,

Arterial Distensibility,

Arterial Compliance,

Stiffness index,

an acquisition unit (101) for acquiring a Doppler
ultrasound signal from a blood vessel,
wherein the said acquisition unit comprises an
ultrasound probe having a plurality of transducer
elements (202) arranged in a grid configuration,
and having a first probe (102a) and a second
probe (102b) detachably connected to each oth-
er, wherein the first probe is arranged to acquire
a first Doppler signal and the second probe is
arranged to acquire a second Doppler signal
originating from a different location in the blood
vessel than the first Doppler signal; and
a processing unit for processing the acquired
Doppler ultrasound signals and to determine,
based on a time delay between the acquired first
and second Doppler signals, changes in the
blood vessel through the measurements of at
least Peak Systolic Velocity (PSV) and Pulse
Wave Velocity (PWV).

2. The system as claimed in claim 1, wherein the ultra-
sound probe has a latching mechanism (201) to latch
the first probe and the second probe to provide a
single probe in an integrated configuration of the ul-
trasound probe, and to unlatch the first probe and
the second probe to provide two probes in a split
configuration of the ultrasound probe.

3. The system as claimed in claim 1, wherein the trans-
ducer elements of the ultrasound probe are provided
to operate individually or collectively.

4. The system as claimed in claim 1, wherein the trans-
ducer elements of the ultrasound probe are provided
to operate simultaneously or separately.

5. The system as claimed in claim 3 or 4, wherein the
transducer elements of the ultrasound probe are ar-
ranged to provide a collimated beam in a region of
interest.

6. The system as claimed in claim 1, wherein the
processing unit is provided to detect a flow of blood
in the blood vessel.

7. The system as claimed in claim 1, wherein the
processing unit is provided to indicate the transducer
element from the plurality of transducer elements
and the blood vessel, from which the blood flow in-
formation has been received.

8. The system as claimed in claim 2, wherein the
processing unit is provided to estimate the PSV and
PWV locally when the probe is used in an integrated
configuration, and of the PWV globally between the
carotid and femoral arteries when the probe is used
in a split configuration.

9 10 
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9. A method for measuring arterial parameters using
non-imaging ultrasound, the method comprising:

acquiring a Doppler ultrasound signal from a
blood vessel by an acquisition unit having an
ultrasound probe comprising a plurality of trans-
ducer elements arranged in a grid configuration,
a first probe and a second probe detachably con-
nected to each other, wherein acquiring includes
acquiring a first Doppler signal with the first
probe and acquiring a second Doppler signal
with the second probe, said second Doppler sig-
nal originating from a different location in the
blood vessel than the first Doppler signal; and
processing the acquired Doppler ultrasound sig-
nal and determining, based on a time delay be-
tween the acquired first and second Doppler sig-
nals, changes in the blood vessel through the
measurements of at least Peak Systolic Velocity
(PSV) and Pulse Wave Velocity (PWV), by a
processing unit.

10. The method as claimed in claim 9, wherein the
processing includes detecting a flow of blood in the
blood vessel.

11. The method as claimed in claim 9, wherein the
processing includes indicating the transducer ele-
ment from the plurality of transducer elements and
the blood vessel, from which the blood flow informa-
tion has been received.

Patentansprüche

1. Ein System (100) zum Messen der arteriellen Para-
meter mit Ultraschall ohne Bildgebung, wobei das
System Folgendes umfasst:

eine Erfassungseinheit (101) zum Erfassen ei-
nes Doppler-Ultraschallsignals von einem Blut-
gefäß, wobei die Erfassungseinheit über eine
Ultraschallsonde mit mehreren Wandlerele-
menten (202) verfügt, die in einem Raster an-
gebracht sind. Zudem sind eine erste (102a) und
zweite Sonde (102b) trennbar miteinander ver-
bunden, wobei die erste Sonde ein erstes Dopp-
lersignal und die zweite Sonde ein zweites
Dopplersignal von einer anderen Stelle des Blut-
gefäßes als das erste Dopplersignal erfasst; und
ein Verarbeitungsgerät zum Verarbeiten der er-
fassten Doppler-Ultraschallsignale sowie zum
Ermitteln von Veränderungen am Blutgefäß an-
hand der Verzögerung zwischen dem ersten
und zweiten Dopplersignal. Hierzu werden die
kleinste maximale systolische Geschwindigkeit
(PSV) und die Pulswellengeschwindigkeit
(PWV) gemessen.

2. Das System gemäß Anspruch 1, wobei die Ultra-
schallsonde über einen Verbindungsmechanismus
(201) verfügt, um die beiden Sonden zu verbinden,
sodass eine einzelne Sonde mit einer integrierten
Konfiguration entsteht. Zudem können die erste und
die zweite Sonde getrennt werden, um zwei Sonden
mit verschiedenen Konfigurationen zu erhalten.

3. Das System gemäß Anspruch 1, wobei die Wand-
lerelemente der Ultraschallsonde einzeln oder ge-
meinsam betrieben werden können.

4. Das System gemäß Anspruch 1, wobei die Wand-
lerelemente der Ultraschallsonde simultan oder se-
parat betrieben werden können.

5. Das System gemäß der Ansprüche 3 oder 4, wobei
die Wandlerelemente der Ultraschallsonde so ange-
ordnet sind, dass sie im Untersuchungsbereich ei-
nen kollimierten Strahl ergeben.

6. Das System gemäß Anspruch 1, wobei das Verar-
beitungsgerät die Durchblutung des Blutgefäßes er-
kennen kann.

7. Das System gemäß Anspruch 1, wobei das Verar-
beitungsgerät jeweils das Wandlerelement und Blut-
gefäß angibt, von dem die Durchblutungsdaten emp-
fangen wurden.

8. Das System gemäß Anspruch 2, wobei das Verar-
beitungsgerät die PSV und PWV lokal schätzt, wenn
die Sonde in einer integrierten Konfiguration verwen-
det wird, während die PWV global für die Hals- und
Oberschenkelschlagadern geschätzt wird, wenn die
Sonde in einer aufgeteilten Konfiguration verwendet
wird.

9. Eine Methode zum Messen der arteriellen Parame-
ter mit Ultraschall ohne Bildgebung, wobei die Me-
thode Folgendes umfasst:

Erfassen eines Doppler-Ultraschallsignals von
einem Blutgefäß mithilfe einer Erfassungsein-
heit, die über eine Ultraschallsonde mit mehre-
ren Wandlerelementen verfügt, die in einem
Raster angebracht sind. Zudem sind eine erste
und zweite Sonde trennbar miteinander verbun-
den, wobei das Erfassen das Abrufen eines ers-
ten Dopplersignals mit der ersten sowie eines
zweiten Dopplersignals mit der zweiten Sonde
umfasst. Hierbei stammt das zweite Dopplersi-
gnal von einer anderen Stelle des Blutgefäßes
als das erste Dopplersignal; und
Verarbeiten der erfassten Doppler-Ultraschall-
signale sowie Ermitteln von Veränderungen am
Blutgefäß anhand der Verzögerung zwischen
dem ersten und zweiten Dopplersignal mit dem

11 12 



EP 3 370 623 B1

8

5

10

15

20

25

30

35

40

45

50

55

Verarbeitungsgerät. Hierzu werden die kleinste
maximale systolische Geschwindigkeit (PSV)
und die Pulswellengeschwindigkeit (PWV) ge-
messen.

10. Die Methode gemäß Anspruch 9, wobei das Verar-
beiten das Erkennen der Durchblutung des Blutge-
fäßes umfasst.

11. Die Methode gemäß Anspruch 9, wobei das Verar-
beiten das Angeben des jeweiligen Wandlerele-
ments und Blutgefäßes umfasst, von dem die Durch-
blutungsdaten empfangen wurden.

Revendications

1. Système (100) de mesure des paramètres artériels
à l’aide des ultrasons sans imagerie, ledit système
comprenant :

une unité d’acquisition (101) pour acquérir un
signal ultrasonore Doppler à partir d’un vaisseau
sanguin, dans lequel ladite unité d’acquisition
comprend une sonde à ultrasons comportant
une pluralité d’éléments transducteurs (202)
disposés dans une configuration de grille, et
comportant une première sonde (102a) et une
seconde sonde (102b) raccordées de manière
amovible l’une à l’autre, dans lequel la première
sonde est conçue pour acquérir un premier si-
gnal Doppler et la seconde sonde est conçue
pour acquérir un second signal Doppler prove-
nant d’un emplacement différent dans le vais-
seau sanguin que le premier signal Doppler ; et
une unité de traitement pour traiter les signaux
ultrasonores Doppler acquis et pour déterminer,
en fonction d’un délai entre les premier et se-
cond signaux Doppler acquis, des changements
dans le vaisseau sanguin au moyen des mesu-
res d’au moins une vitesse systolique maximale
(PSV) et d’une vitesse d’ondes d’impulsion
(PWV).

2. Système selon la revendication 1, dans lequel la son-
de à ultrasons comporte un mécanisme de ver-
rouillage (201) pour verrouiller la première sonde et
la seconde sonde pour fournir une seule sonde dans
une configuration intégrée de la sonde à ultrasons,
et pour déverrouiller la première sonde et la seconde
sonde pour fournir deux sondes dans une configu-
ration divisée de la sonde à ultrasons.

3. Système selon la revendication 1, dans lequel les
éléments transducteurs de la sonde à ultrasons sont
conçus pour fonctionner individuellement ou collec-
tivement.

4. Système selon la revendication 1, dans lequel les
éléments transducteurs de la sonde à ultrasons sont
conçus pour fonctionner simultanément ou séparé-
ment.

5. Système selon la revendication 3 ou 4, dans lequel
les éléments transducteurs de la sonde à ultrasons
sont conçus pour fournir un faisceau collimaté dans
une zone d’intérêt.

6. Système selon la revendication 1, dans lequel l’unité
de traitement est conçue pour détecter un flux de
sang dans le vaisseau sanguin.

7. Système selon la revendication 1, dans lequel l’unité
de traitement est conçue pour indiquer l’élément
transducteur de la pluralité d’éléments transducteurs
et le vaisseau sanguin, à partir duquel les informa-
tions de flux sanguin ont été reçues.

8. Système selon la revendication 2, dans lequel l’unité
de traitement est conçue pour estimer localement la
PSV et la PWV lorsque la sonde est utilisée dans
une configuration intégrée, et globalement la PWV
entre les artères carotide et fémorale lorsque la son-
de est utilisée dans la configuration divisée.

9. Procédé de mesure des paramètres artériels à l’aide
des ultrasons sans imagerie, ledit procédé
comprenant :

l’acquisition d’un signal ultrasonore Doppler à
partir d’un vaisseau sanguin par une unité d’ac-
quisition comportant une sonde à ultrasons
comprenant une pluralité d’éléments transduc-
teurs disposés dans une configuration de grille,
une première sonde et une seconde sonde rac-
cordées de manière amovible l’une à l’autre,
dans lequel l’acquisition comprend l’acquisition
d’un premier signal Doppler au moyen de la pre-
mière sonde et l’acquisition d’un second signal
Doppler au moyen de la seconde sonde, ledit
second signal Doppler provenant d’un emplace-
ment différent dans le vaisseau sanguin que le
premier signal Doppler ; et
le traitement du signal ultrasonore Doppler ac-
quis et la détermination, en fonction d’un délai
entre les premier et second signaux Doppler ac-
quis, les changements dans le vaisseau sanguin
au moyen des mesures d’au moins la vitesse
systolique maximale (PSV) et la vitesse d’ondes
d’impulsion (PWV), par une unité de traitement.

10. Procédé selon la revendication 9, dans lequel le trai-
tement comprend la détection d’un flux de sang dans
le vaisseau sanguin.

11. Procédé selon la revendication 9, dans lequel le trai-
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tement comprend l’indication de l’élément transduc-
teur de la pluralité d’éléments transducteurs et du
vaisseau sanguin, à partir duquel les informations
de flux sanguin ont été reçues.
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