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(57) ABSTRACT

The invention relates to a system, an ultrasound probe and
a corresponding method for measuring arterial parameters
using non-imaging ultrasound. The system comprises 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 N measurements of
at least Peak Systolic Velocity (PSV) and Pulse Wave
Velocity (PWV). The acquisition unit comprises an ultra-
sound probe having a plurality of transducer elements
arranged in a grid configuration, and comprising a first probe
(102a) and a second probe (1025) detachably connected to
each other. In the split configuration the ultrasound probe is
provided to measure the PWV globally between the carotid
and femoral arteries, or the PSV and PWV locally and
simultaneously. In the integrated configuration the PSV or
PWYV may be measured locally.
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ULTRASOUND PROBE, SYSTEM AND
METHOD FOR MEASURING ARTERIAL
PARAMETERS USING NON-IMAGING
ULTRASOUND

FIELD OF THE INVENTION

[0001] The invention relates to measuring the arterial
parameters, more particularly to 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 detection 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 cardio-
vascular disease, though the luminal 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 tech-
niques available for such measurements.

[0003] Currently, with the existing setup, PWV is mea-
sured between the carotid and femoral arteries thus making
a global measurement that is non-imaging. However, local-
ized measurement for the specific artery or the blood vessel
renders the diagnosis more accurate. In this regard, localized
measurement is done using imaging based ultrasound tech-
niques. Also, in the non-imaging global measurement of the
PWYV, the carotid and femoral waves are normalized sepa-
rately with the electrocardiogram (ECG) gating, since it is
not possible to analyze these two waves simultaneously. In
other words, the PWV measurement involves measurements
from two locations 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 dif-
ferent specifications, their operating schema is also different,
and hence may be required to synchronize with each other.
[0005] 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

[0006] It is an object of the invention to provide a system
that can measure the PWV locally at the carotid artery;

[0007] It is another object of the invention to provide a
system that can measure the PSV locally at the carotid
artery,

[0008] It is yet another object of the invention to provide
a system that can measure the PWV between the carotid and
femoral artery;
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[0009] Tt is further object of the invention to provide a
system that can measure the PWV and PSV using non-
imaging ultrasound;

[0010] Another object of the invention is to provide a
system that eliminates the need for normalizing the waves
measured with the ECG gating;

[0011] 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

[0012] In one aspect of the invention, there is provided a
system for measuring arterial parameters using non-imaging
ultrasound. The system of the invention comprises an acqui-
sition 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
(PWYV). The acquisition unit comprises an ultrasound probe
having a plurality of transducer elements arranged in a grid
configuration, and comprising a first probe and a second
probe detachably connected to each other.

[0013] Itis advantageous to have an ultrasound probe that
can be used in the measurement of PSV and PWV locally,
and of the PWYV globally, to enable improved diagnosis by
detecting the changes in the blood vessel correlating to the
stiffness in the blood vessel and of the early detection of
atherosclerotic condition.

[0014] The invention provides a solution through a non-
imaging and non-invasive system and method for measuring
arterial parameters. The invention also provides an ultra-
sound 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.

[0015] In one preferred embodiment of the invention, a
plurality of transducer elements are arranged in a grid
configuration. The transducer elements are capable of being
operated individually or collectively besides its capability of
being used simultaneously or separately. The transducer
elements may also be used in a non-phased manner.

[0016] In another aspect of the invention, there is provided
an ultrasound probe for enabling the measurement of arterial
parameters. The ultrasound probe of the invention has a
plurality of transducer elements arranged in a grid configu-
ration. The ultrasound probe has a first probe and a second
probe that are detachably connected to each other. The
ultrasound probe also has a latching mechanism to latch the
first probe and the second probe to provide a single probe in
an integrated configuration of the ultrasound probe, and to
unlatch/detach the first probe and the second probe to
provide two probes in a split configuration of the ultrasound
probe.

[0017] In yet another aspect of the invention, there is
provided a method for measuring arterial parameters using
non-imaging ultrasound. The method of the invention com-
prises acquiring doppler ultrasound signal from a blood
vessel by an acquisition unit having an ultrasound probe
comprising a first probe and a second probe detachably
connected to each other; and processing the acquired dop-
pler ultrasound signal and determine the changes in the
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blood vessel through the measurements of at least Peak
Systolic Velocity (PSV) and Pulse Wave Velocity (PWV), by
a processing unit.

[0018] In one of the embodiment of the invention, the
method of the invention is performed by the system of the
invention using the ultrasound probe of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] With reference to the accompanying drawings in
which:
[0020] FIG. 1 shows a system for measuring arterial

parameters, in accordance with the invention;

[0021] FIGS. 24 and 2b show an ultrasound probe in
integrated configuration and split configuration, respec-
tively;

[0022] FIGS. 3a and 35 illustrates a set up measuring
PWV and Doppler ultrasound acquired at two different
locations, respectively;

[0023] FIG. 4 illustrates the acquisition of doppler ultra-
sound information from an artery of interest;

[0024] FIG. 5 depicts the echo pattern obtained at different
part of an artery of interest; and

[0025] FIG. 6 shows a method of measuring arterial
parameters, in accordance with the invention.

DETAILED DESCRIPTION

[0026] Pulse Wave Velocity (PWV) is a measure of arterial
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 ventricle 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 mea-
surement of arterial compliance. 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 increases.

[0027] 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 faster
through the arteries, the reflected waves will also move back
quicker. This causes more work on the cardiovascular sys-
tem due to the increased afterload on the ventricle resulting
in a greater systolic pressure needed to overcome this
afterload. PWV 1is ideally computed by using two pressure
catheters placed at a known distance from one another,
referred to as the Pulse Wave Distance. The time it takes for
the pressure wave to go from the upstream pressure catheter
to the downstream pressure 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.

[0028] Among the different approaches currently available
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 com-
mon femoral artery. Typically, the pulse wave is detected by
pressure transducers or arterial tonometry. The measurement
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of PWV between the carotid and femoral arteries is made by
dividing the distance from the carotid point to the femoral
point by the transit time.

AL (meters)

Hence, PWV =
enee At(seconds)

[0029] 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
aknown distance. Whereas the distance is a fixed parameter,
the transit time has certain variability, depending 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 ultra-
sound with a Linear Array probe, synchronized with ECG
and a minimum sliding window is used. The examination
begins with the patient 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
cycles. To obtain the transit time (T'T), it is measured from
the R wave of QRS to the foot of the waveform using digital
callipers.

[0030] The current approach described herein before has
certain drawbacks that includes but not limited to obtaining
measurements from two locations of anatomical structures
with ECG gating and the measured value is approximate, as
the exact distance between carotid and femoral arteries
varies from subjects. Also, this provides the measurement of
PWYV 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.

[0031] The invention provides a system and a method for
measuring arterial parameters like PWV and PSV using a
non-imaging and non-invasive based approach, locally and
globally without ECG gating.

[0032] The invention is further described hereinafter with
reference to FIGS. 1 to 6 through non-exhaustive exemplary
embodiments.

[0033] In FIGS. 1 and 6, a system (100) and a method
(600) for measuring arterial parameters is shown. The sys-
tem (100) comprises an acquisition unit (101) for acquiring
Doppler ultrasound signals from a blood vessel, in accor-
dance with the method step (601). The acquisition unit (101)
has an ultrasound probe (102) having a plurality of trans-
ducer elements arranged in a grid configuration. The ultra-
sound probe (102) has a first probe and a second probe
detachably connected to each other. As shown in FIG. 24, a
latching mechanism (201) is provided to latch the first probe
(102a) and the second probe (1024) to provide a single probe
in an integrated configuration of the ultrasound probe (102).
In FIG. 25, the latching mechanism (201) is shown in a
detached manner to provide two probes namely, the first
probe (102a) and the second probe (1025) 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
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non-phased manner. Also, the transducer elements of the
ultrasound probe (102) are provided to produce collimated
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 measurement
locally, in accordance with one preferred embodiment of the
invention. Doppler ultrasound waves are obtained from two
different locations A and B in an artery, as shown in FIG. 35.
The Doppler ultrasound waveforms in first row and nth row
of the transducer elements arranged 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:

pwy =
D

[0034] The signal frames of the Doppler ultrasound signal
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 informa-
tion 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 (At) scaled by the
sound velocity (v) as follows:

Diameter D=0.5xAtxv

[0035] FIG. 5 shows the echo patterns (1, 2, 3, 4) after the
ultrasound waves gets reflected from the different anatomi-
cal 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), intima, 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 succeeding the gates are
tracked based on the threshold to determine the anatomical
structure from which it is reflected.

[0036] 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.

[0037] 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
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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 reflections from skin gel
interface.

[0038] Then, the envelope e(t) of the gain compensated
signal x(t) is calculated using Hilbert transform.

e(1) =  x(0? + Hix(n)}?

where
niol= [ 528
o I-T
[0039] In method step (603), the processing unit detects

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 anatomical 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 obtained using sliding window
approach and regions of maximum energy are identified and
various features are extracted from these regions of interest
for different patients across frames. The feature data is
trained using a Gaussian mixture model by obtaining mean
and covariance. On providing a test frame, features are
extracted and tested against the model built to provide the
likelihood 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.

1 -
p(f -— et e
277 (det(c))
where,

d-dimension of feature vector
c-covariance matrix
w-mean of Gaussian

x-feature vector for test point

[0040] 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).

[0041] Further, the variation of the blood flow during
systolic and diastolic causes the change in the elastic prop-
erty of an artery. This change in elastic property is mani-
fested in diameter change of the artery. Based on the echoes
obtained due to wall motion, successive signal frames are
analyzed, and the distension waveform of the artery is
computed as the difference between the near and far wall
movements.

[0042] Considering the echoes obtained in two successive
acquisitions, NW,(t) be the near wall echo and FW (t) be the
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far wall echo in the i acquisition. Now, the near and far wall
echoes obtained in the next iteration may be expressed as

NI,

i+1

()N (i<,
W, (6-FIF(t=T5,)

where 15, and I, 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 approach
is employed, and is ideal to compute the maximum cross
correlation between the signals NW,(t) and NW,, (1) and
estimating the shift ', and I',,,, as the time corresponding to
maximum of the cross correlation.

[0043] Once the delay is identified, the wall movements
are computed based on the sound velocity (v)

G055V [ (DL, i-1)]

g, (D)=0.5%VH [T, ()41 1, i=1)]

[0044] The artery distension waveform is computed as the
difference between the near wall and far wall movements
and is given by

Ad@)=dp, (D), (0)

[0045] Substituting t=(i/fprf), the distension waveform
Ad(t) can be determined as follows

Ad@~ds 0-d,, 1)

[0046] From the above mentioned distension waveform,
peak to peak distension can be computed, which can be used
to measure other arterial compliance measure.

[0047] 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.

rd(1)?

A==

[0048] The functional relationship between the blood
pressure waveform p(t) and arterial wall cross section A(t) is
established as follows

p=p,e®

[0049] Where p, is constant and y varies between arteries
of a patient and across patients. A look up table and arterial
model is required to measure respective y for the artery of
interest.

[0050] From the equation p(t)=p,e**?, 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 possible to con-
tinuously monitor the blood pressure for an artery of interest
in non-invasive and non-imaging based approach.

[0051] As the change in diameter and the pressure asso-
ciated 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 P, is systolic and P, is diastolic
pressure.
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APxD
AD

Elastic modulus, F =

Arterial Distensibility D = ———
AP XDy

A
Arterial Compliance C = —
AP
In(P/P;)
" Dy - Dy )
v Dd

Stiffness index, ¢ =

[0052] The invention therefore provides continuous mea-
surement of localized blood pressure of the artery of interest
along with other arterial parameters and arterial compliance
measures.
[0053] 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 embodi-
ment described herein in the description. It is to be noted that
the invention is explained by way of exemplary embodiment
and is neither exhaustive nor limiting. 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.
Any relevant modification or variation, which is not
described specifically in the specification are in fact to be
construed of being well within the scope of the invention.
The appended claims are intended to cover all such modi-
fications and changes which fall within the spirit of the
invention.
[0054] 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 spirit or essential
characteristics thereof. The presently disclosed embodi-
ments are therefore considered in all respects to be illustra-
tive and not restricted. The scope of the invention is indi-
cated by the appended claims rather than the foregoing
description and all changes that come within the meaning
and range and equivalence thereof are intended to be
embraced therein.
1. A system for measuring arterial parameters using
non-imaging ultrasound, the
system comprising:
an acquisition unit for acquiring doppler ultrasound signal
from a blood vessel, wherein the said acquisition unit
comprises an ultrasound probe having a plurality of
transducer elements arranged in a grid configuration,
and having a first probe and a second probe detachably
connected to each other, 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 signal and to determine, based on a time
delay between the acquired 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 probes has a latching mechanism to latch the first



US 2019/0076113 A1

probe and the second probe to provide a single probe in an
integrated configuration of the ultrasound probe, and to
unlatch/detach 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. (canceled)

6. The system as claimed in claim 3, wherein the trans-
ducer elements of the ultrasound probe are arranged to
provide a collimated beam in a region of interest.

7. (canceled)

8. The system as claimed in claim 1, wherein the pro-
cessing unit is provided to detect a flow of blood in a blood
vessel.

9. (canceled)

10. The system as claimed in claim 1, wherein the
processing unit is provided to indicate a transducer element
from the plurality and the blood vessel, from which the
blood flow information is been received.

11. The system as claimed in claim 1, wherein the
processing unit is provided to estimate the PSV and PWV
locally, when the probe has an integrated configuration, and
of the PWV globally, when the probe has a split configu-
ration.

12. An ultrasound probe for enabling the measurement of
arterial parameters comprising:

a plurality of transducer elements arranged in a grid
configuration, and having a first probe and a second
probe detachably connected to each other; and

a latching mechanism to latch the first probe and the
second probe to provide a single probe in an integrated
configuration of the ultrasound probe, and to unlatch/
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detach the first probe and the second probe to provide
two probes in a split configuration of the ultrasound
probe.

13. (canceled)

14. (canceled)

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

acquiring Doppler ultrasound signal from a blood vessel

by an acquisition unit having an ultrasound probe
comprising a plurality of transducer elements arranged
in a grid configuration, a first probe and a second probe
detachably connected 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 signal originating
from a different location in the blood vessel than the
first Doppler signal; and

processing the acquired doppler ultrasound signal and

determining, based on a time delay between the
acquired Doppler signals, changes in the blood vessel
through the measurements of at least Peak Systolic
Velocity (PSV) and Pulse Wave Velocity (PWV), by a
processing unit.

16. The method as claimed in claim 15, wherein the
processing includes detecting the flow of blood in the blood
vessel.

17. (canceled)

18. The method as claimed in claim 15, wherein the
processing includes indicating a transducer element from the
plurality and of the blood vessel, from which the blood flow
information is been received.

19. (canceled)

20. (canceled)

21. (canceled)

22. (canceled)

23. (canceled)
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