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SYSTEMS AND METHODS FOR GUIDED ULTRASOUND DATA ACQUISITION

The invention provides a method for guiding the

acquisition of ultrasound data. The method begins by ob-
taining ultrasound data from a plurality of data acquisition
planes and performing spatial registration of the data ac-
quisition planes. A number of vessels are then identified
in each data acquisition plane. A location of a vessel bi-
furcation is then identified based on the spatial registra-
tion of the data acquisition planes and the number of
vessels in each data acquisition plane. A guidance in-
struction is generated based on the location of the vessel
bifurcation, wherein the guidance instruction is adapted
to indicate a location to obtain further ultrasound data.
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Description
FIELD OF THE INVENTION

[0001] The invention relates to the field of ultrasound,
and in particular to the field of guiding the acquisition of
ultrasound data.

BACKGROUND OF THE INVENTION

[0002] A complete ultrasound examination of a blood
vessel involves a combination of structural imaging (B-
mode) and Doppler imaging (color flow and/or spectral
Doppler data). An expert sonographer knows where to
look for the vessel of interest and performs a coordinated
set of workflow steps to complete the exam. As an ex-
ample, in the case of a carotid artery evaluation, the most
common approach involves an initial B-mode sweep
along the neck of a subject to locate the arteries, identify
the carotid bifurcation and note any visual structural ab-
normalities in the vessel wall. Further, flow abnormality,
arterial pulsatility and flow directionality are visualized
using color Doppler flow measurements. Clinically, these
procedures are part of a typical workflow with visual feed-
back (in the form of ultrasound images) provided on an
ultrasound monitor.

[0003] However, there exist healthcare settings and
applications where itis not practical to use any ultrasound
image feedback that would normally be used in a tradi-
tional ultrasound examination. In addition, the operator
may not possess sufficient skill in performing ultrasound
imaging in order to accurately place an ultrasound sensor
or to make adjustments that ensure the quality of the
obtained data.

[0004] This is particularly the case in the context of
medical interventions involving continuous patient mon-
itoring where ultrasound derived parameters may pro-
vide additional information on a patient monitor. For ex-
ample, a traditional ultrasound exam workflow and anal-
ysis is not possible in peri-operative care where non-ul-
trasound personnel are involved and where regular ul-
trasound scanners are not practical for prolonged, oper-
ator-free monitoring.

[0005] In ultrasound diagnostic imaging, typical Dop-
pler measurements performed on the vessel are per-
formed by skilled sonographers, wherein the sonogra-
pher positions a measurement plane in the middle of the
vessel and along the main axis.

[0006] However, locating such a plane in a vessel by
non-skilled operator can be cumbersome. Moreover, in
operating room or intensive care environments, image
feedback on a monitor may not be available. Therefore,
the placing of the sensor would need to be performed in
the absence of the actual ultrasound image of a vessel.
[0007] There is therefore a need for a means to guide
the placement of an ultrasound sensor in the absence of
traditional monitor based feedback, without requiring sig-
nificant additional hardware.

10

15

20

25

30

35

40

45

50

55

SUMMARY OF THE INVENTION

[0008] The invention is defined by the claims.

[0009] According to examples in accordance with an
aspect of the invention, there is provided a method for
guiding the acquisition of ultrasound data, the method
comprising:

obtaining ultrasound data from a plurality of data ac-
quisition planes;

performing spatial registration on the plurality of data
acquisition planes;

identifying a number of vessels in each data acqui-
sition plane;

determining a location of a vessel bifurcation based
on the spatial recognition of the plurality of data ac-
quisition planes and the number of vessels in each
data acquisition plane; and

generating a guidance instruction based on the lo-
cation of the vessel bifurcation, wherein the guidance
instruction is adapted to indicate a location to obtain
further ultrasound data.

[0010] The method provides forguidinga usertolocate
an ultrasound transducer at an optimal position for blood
flow measurement.

[0011] In the example of the carotid artery, the blood
flow is best measured at a position below the confluence
of the interior carotid artery and the exterior carotid artery
(i.e. below the bifurcation).

[0012] Bylocating where the number of vessels chang-
es from one (common carotid) to two (interior carotid and
exterior carotid), the bifurcation of the carotid artery may
be located. This may then be used to guide the placement
of the ultrasound transducer at an optimal location.
[0013] This method may be employed on any suitable
medical device capable of communicating with a trans-
ducer.
[0014]
es:

In an embodiment, the method further compris-

identifying a central axis of a vessel based on the
ultrasound data, wherein:

the guidance instruction is further based on the
central axis of the vessel; and

the location to obtain further ultrasound data
comprises an inclined data acquisition plane,
wherein the inclined data acquisition plane is in-
clined relative to the central axis of the vessel.

[0015] In this way, the further ultrasound data is ob-
tained by way of an inclined data acquisition plane.
[0016] Havinganinclined plane with respectto the cen-
tral axis of the vessel results in a more accurate and
reliable measurement of the blood flow in that plane.
[0017] In a further embodiment, the inclined data ac-
quisition plane defines an angle in the range of 10 to 50
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degrees with the central axis of the vessel.

[0018] In this way, the accuracy of the further ultra-
sound data acquired after the guidance may be im-
proved.

[0019] In an embodiment, the method further compris-
es identifying a vessel cross section based on the ultra-
sound data.

[0020] In a further embodiment, the performing of the
spatial registration on the plurality of data acquisition
planes is based on the identified vessel cross section.
[0021] In an embodiment, the identifying of a number
of vessels in each data acquisition plane is based on the
identified vessel cross section.

[0022] Inanembodiment, the ultrasound data compris-
es Doppler ultrasound data.

[0023] In this way, motion within the data acquisition
planes may be taken into account in the identification of
blood vessels.

[0024] In a further embodiment, the identifying of a
number of vessels in each data acquisition plane com-
prises determining a direction of blood flow within the
data acquisition planes based on the Doppler ultrasound
data.

[0025] In this way, the direction of the blood flow may
be used to identify certain vessels within the field of view.
Further, negligible blood flows from minor vessels may
be discounted to improve the accuracy of the determina-
tions.

[0026] Inanarrangement, the Doppler ultrasound data
comprises pulsatility data.

[0027] In this way, it is possible to identify the blood
vessels within the data acquisition planes according to
the observed variance in blood flow velocity.

[0028] In an embodiment, the guidance instruction
comprises one or more of:

an audible instruction;

a visual instruction;

an electronic control signal; and
a tactile instruction.

[0029] This provides for a variety of ways in which an
instruction may be delivered to a user or an automated
system.

[0030] Inanembodiment, the ultrasound data compris-
es ultrasound image data.

[0031] In this way, the user may view the ultrasound
data as an ultrasound image.

[0032] According to examples in accordance with an
aspect of the invention, there is provided a computer pro-
gram comprising computer program code means which
is adapted, when said computer program is run on a com-
puter, to implement the method described above.
[0033] According to examples in accordance with an
aspect of the invention, there is provided a medical sys-
tem adapted to guide the acquisition of ultrasound data,
the system comprising:
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a processor, wherein the processor is adapted to:

obtain ultrasound data from a plurality of data
acquisition planes;

perform spatial registration on the plurality of da-
ta acquisition planes;

identify a number of vessels in each data acqui-
sition plane;

determine a location of a vessel bifurcation
based on the spatial registration of the plurality
of data acquisition planes and the number of
vessels in each data acquisition plane; and
generate a guidance instruction based on the
location of the vessel bifurcation, wherein the
guidance instruction is adapted to indicate a lo-
cation to obtain further ultrasound data.

[0034] In an embodiment, the system further compris-
es an ultrasound transducer in communication with the
processor, wherein the ultrasound transducer is adapted
to acquire ultrasound data from a plurality of data acqui-
sition planes.

[0035] In a further embodiment, the ultrasound trans-
ducer comprises one or more of:

a linear transducer array;
a T-shaped transducer array; and
a 2D transducer array.

[0036] A linear transducer array offers a simple imple-
mentation of the system. A T-shaped array provides for
obtaining ultrasound data in two orthogonal planes with-
out requiring the manual manipulation of the ultrasound
transducer during acquisition. A 2D array provides for a
full ultrasound scan of the area of interest to be performed
automatically and the guidance may simply select the
transducers to activate in the subsequent data acquisi-
tion.

[0037] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiment(s) described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] For abetter understanding of the invention, and
to show more clearly how it may be carried into effect,
reference will now be made, by way of example only, to
the accompanying drawings, in which:

Figure 1 shows an ultrasound diagnostic imaging
system to explain the general operation;

Figure 2 shows a method of the invention;

Figure 3 shows an example of a data acquisition
plane;

Figure 4 shows a further example of a data acquisi-
tion plane;

Figure 5 shows a schematic representation of data
acquisition planes;
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Figure 6 shows a schematic representation of a sen-
sor collecting data from an inclined data acquisition
plane;

Figure 7 shows an example workflow carried out by
a sensor comprising a single linear transducer array;
and

Figure 8 shows a graphical representation of an ex-
ample of guided sensor placement using a T-shaped
array and visual indicators disposed on the sensor;

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0039] The invention will be described with reference
to the Figures.

[0040] It should be understood that the detailed de-
scription and specific examples, while indicating exem-
plary embodiments of the apparatus, systems and meth-
ods, are intended for purposes of illustration only and are
not intended to limit the scope of the invention. These
and other features, aspects, and advantages of the ap-
paratus, systems and methods of the present invention
will become better understood from the following descrip-
tion, appended claims, and accompanying drawings. It
should be understood that the Figures are merely sche-
matic and are not drawn to scale. It should also be un-
derstood that the same reference numerals are used
throughout the Figures to indicate the same or similar
parts.

[0041] Theinvention provides a method for guiding the
acquisition of ultrasound data. The method begins by ob-
taining ultrasound data from a plurality of data acquisition
planes and performing spatial registration of the data ac-
quisition planes. A number of vessels are then identified
in each data acquisition plane. A location of a vessel bi-
furcation is then identified based on the spatial registra-
tion of the data acquisition planes and the number of
vessels in each data acquisition plane. A guidance in-
struction is generated based on the location of the vessel
bifurcation, wherein the guidance instruction is adapted
to indicate a location to obtain further ultrasound data.
[0042] The general operation of an exemplary ultra-
sound system will first be described, with reference to
Figure 1, and with emphasis on the signal processing
function of the system since this invention relates to the
processing of the signals measured by the transducer
array.

[0043] The system comprises an array transducer
probe 4 which has a transducer array 6 for transmitting
ultrasound waves and receiving echo information. The
transducer array 6 may comprise CMUT transducers; pi-
ezoelectric transducers, formed of materials suchas PZT
or PVDF; or any other suitable transducer technology. In
this example, the transducer array 6 is a two-dimensional
array of transducers 8 capable of scanning either a 2D
plane or a three dimensional volume of a region of inter-
est. In another example, the transducer array may be a
1D array.

[0044] The transducer array 6 is coupled to a mi-
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crobeamformer 12 which controls reception of signals by
the transducer elements. Microbeamformers are capable
of at least partial beamforming of the signals received by
sub-arrays, generally referred to as "groups" or "patch-
es", oftransducers as described in US Patents 5,997,479
(Savordetal.), 6,013,032 (Savord), and 6,623,432 (Pow-
ers et al.).

[0045] It should be noted that the microbeamformer is
entirely optional. Further, the system includes a trans-
mit/receive (T/R) switch 16, which the microbeamformer
12 can be coupled to and which switches the array be-
tween transmission and reception modes, and protects
the main beamformer 20 from high energy transmit sig-
nals in the case where a microbeamformer is not used
and the transducer array is operated directly by the main
system beamformer. The transmission of ultrasound
beams from the transducer array 6 is directed by a trans-
ducer controller 18 coupled to the microbeamformer by
the T/R switch 16 and a main transmission beamformer
(not shown), which can receive input from the user’s op-
eration of the user interface or control panel 38. The con-
troller 18 can include transmission circuitry arranged to
drive the transducer elements of the array 6 (either di-
rectly or via a microbeamformer) during the transmission
mode.

[0046] In a typical line-by-line imaging sequence, the
beamforming system within the probe may operate as
follows. During transmission, the beamformer (which
may be the microbeamformer or the main system beam-
former depending upon the implementation) activates
the transducer array, or a sub-aperture of the transducer
array. The sub-aperture may be a one dimensional line
of transducers or a two dimensional patch of transducers
within the larger array. In transmit mode, the focusing
and steering of the ultrasound beam generated by the
array, or a sub-aperture of the array, are controlled as
described below.

[0047] Upon receiving the backscattered echo signals
from the subject, the received signals undergo receive
beamforming (as described below), in order to align the
received signals, and, in the case where a sub-aperture
is being used, the sub-aperture is then shifted, for exam-
ple by one transducer element. The shifted sub-aperture
is then activated and the process repeated until all of the
transducer elements of the transducer array have been
activated.

[0048] For each line (or sub-aperture), the total re-
ceived signal, used to form an associated line of the final
ultrasound image, will be a sum of the voltage signals
measured by the transducer elements of the given sub-
aperture during the receive period. The resulting line sig-
nals, following the beamforming process below, are typ-
ically referred to as radio frequency (RF) data. Each line
signal (RF data set) generated by the various sub-aper-
tures then undergoes additional processing to generate
the lines of the final ultrasound image. The change in
amplitude of the line signal with time will contribute to the
change in brightness of the ultrasound image with depth,
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wherein a high amplitude peak will correspond to a bright
pixel (or collection of pixels) in the final image. A peak
appearing near the beginning of the line signal will rep-
resent an echo from a shallow structure, whereas peaks
appearing progressively later in the line signal will rep-
resentechoes from structures atincreasing depths within
the subject.

[0049] One of the functions controlled by the transduc-
er controller 18 is the direction in which beams are
steered and focused. Beams may be steered straight
ahead from (orthogonal to) the transducer array, or at
differentangles for a wider field of view. The steering and
focusing of the transmit beam may be controlled as a
function of transducer element actuation time.

[0050] Two methods can be distinguished in general
ultrasound data acquisition: plane wave imaging and
"beam steered" imaging. The two methods are distin-
guished by a presence of the beamforming in the trans-
mission ("beam steered" imaging) and/or reception
modes (plane wave imaging and "beam steered" imag-
ing).

[0051] Looking first to the focusing function, by activat-
ing all of the transducer elements at the same time, the
transducer array generates a plane wave that diverges
as it travels through the subject. In this case, the beam
of ultrasonic waves remains unfocused. By introducing
a position dependent time delay to the activation of the
transducers, it is possible to cause the wave front of the
beam to converge at a desired point, referred to as the
focal zone. The focal zone is defined as the point at which
the lateral beam width is less than half the transmit beam
width. In this way, the lateral resolution of the final ultra-
sound image is improved.

[0052] Forexample, if the time delay causes the trans-
ducer elements to activate in a series, beginning with the
outermost elements and finishing at the central ele-
ment(s) of the transducer array, a focal zone would be
formed at a given distance away from the probe, in line
with the central element(s). The distance of the focal zone
from the probe will vary depending on the time delay be-
tween each subsequent round of transducer element ac-
tivations. After the beam passes the focal zone, it will
begin to diverge, forming the far field imaging region. It
should be noted that for focal zones located close to the
transducer array, the ultrasound beam will diverge quick-
ly in the far field leading to beam width artifacts in the
final image. Typically, the near field, located between the
transducer array and the focal zone, shows little detail
due to the large overlap in ultrasound beams. Thus, var-
ying the location of the focal zone can lead to significant
changes in the quality of the final image.

[0053] It should be noted that, in transmit mode, only
one focus may be defined unless the ultrasound image
is divided into multiple focal zones (each of which may
have a different transmit focus).

[0054] In addition, upon receiving the echo signals
from within the subject, it is possible to perform the in-
verse of the above described process in order to perform
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receive focusing. In other words, the incoming signals
may be received by the transducer elements and subject
to an electronic time delay before being passed into the
system for signal processing. The simplest example of
this is referred to as delay-and-sum beamforming. It is
possible to dynamically adjust the receive focusing of the
transducer array as a function of time.

[0055] Looking now to the function of beam steering,
through the correct application of time delays to the trans-
ducer elements it is possible to impart a desired angle
on the ultrasound beam as it leaves the transducer array.
For example, by activating a transducer on a first side of
the transducer array followed by the remaining transduc-
ersin a sequence ending at the opposite side of the array,
the wave front of the beam will be angled toward the
second side. The size of the steering angle relative to
the normal of the transducer array is dependent on the
size of the time delay between subsequent transducer
element activations.

[0056] Further, it is possible to focus a steered beam,
wherein the total time delay applied to each transducer
element is a sum of both the focusing and steering time
delays. In this case, the transducer array is referred to
as a phased array.

[0057] Incase ofthe CMUT transducers, which require
a DC bias voltage for their activation, the transducer con-
troller 18 can be coupled to control a DC bias control 45
for the transducer array. The DC bias control 45 sets DC
bias voltage(s) that are applied to the CMUT transducer
elements.

[0058] For each transducer element of the transducer
array, analog ultrasound signals, typically referred to as
channel data, enter the system by way of the reception
channel. In the reception channel, partially beamformed
signals are produced from the channel data by the mi-
crobeamformer 12 and are then passed to a main receive
beamformer 20 where the partially beamformed signals
from individual patches of transducers are combined into
a fully beamformed signal, referred to as radio frequency
(RF) data. The beamforming performed at each stage
may be carried out as described above, or may include
additional functions. For example, the main beamformer
20 may have 128 channels, each of which receives a
partially beamformed signal from a patch of dozens or
hundreds of transducer elements. In this way, the signals
received by thousands of transducers of a transducer
array can contribute efficiently to a single beamformed
signal.

[0059] The beamformed reception signals are coupled
to a signal processor 22. The signal processor 22 can
process the received echo signals in various ways, such
as: band-pass filtering; decimation; | and Q component
separation; and harmonic signal separation, which acts
to separate linear and nonlinear signals so as to enable
the identification of nonlinear (higher harmonics of the
fundamental frequency) echo signals returned from tis-
sue and micro-bubbles. The signal processor may also
perform additional signal enhancement such as speckle
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reduction, signal compounding, and noise elimination.
The band-pass filter in the signal processor can be a
tracking filter, with its pass band sliding from a higher
frequency band to a lower frequency band as echo sig-
nals are received from increasing depths, thereby reject-
ing noise at higher frequencies from greater depths that
is typically devoid of anatomical information.

[0060] The beamformers for transmission and for re-
ception are implemented in different hardware and can
have different functions. Of course, the receiver beam-
formeris designed to take into account the characteristics
of the transmission beamformer. In Figure 1 only the re-
ceiver beamformers 12, 20 are shown, for simplicity. In
the complete system, there will also be a transmission
chain with a transmission micro beamformer, and a main
transmission beamformer.

[0061] The function of the micro beamformer 12 is to
provide an initial combination of signals in order to de-
crease the number of analog signal paths. This is typically
performed in the analog domain.

[0062] The final beamforming is done in the main
beamformer 20 and is typically after digitization.

[0063] The transmission and reception channels use
the same transducer array 6 which has a fixed frequency
band. However, the bandwidth that the transmission
pulses occupy can vary depending on the transmission
beamforming used. The reception channel can capture
the whole transducer bandwidth (which is the classic ap-
proach) or, by using bandpass processing, it can extract
only the bandwidth that contains the desired information
(e.g. the harmonics of the main harmonic).

[0064] The RF signals may then be coupled to a B
mode (i.e. brightness mode, or 2D imaging mode) proc-
essor 26 and a Doppler processor 28. The B mode proc-
essor 26 performs amplitude detection on the received
ultrasound signal for the imaging of structures in the body,
such as organ tissue and blood vessels. In the case of
line-by-line imaging, each line (beam) is represented by
an associated RF signal, the amplitude of which is used
to generate a brightness value to be assigned to a pixel
inthe B mode image. The exactlocation of the pixel within
the image is determined by the location of the associated
amplitude measurement along the RF signal and the line
(beam) number of the RF signal. B mode images of such
structures may be formed in the harmonic or fundamental
image mode, or a combination of both as described in
US Pat. 6,283,919 (Roundhill et al.) and US Pat.
6,458,083 (Jago et al.) The Doppler processor 28 proc-
esses temporally distinct signals arising from tissue
movement and blood flow for the detection of moving
substances, such as the flow of blood cells in the image
field. The Doppler processor 28 typically includes a wall
filter with parameters set to pass or reject echoes re-
turned from selected types of materials in the body.
[0065] The structural and motion signals produced by
the B mode and Doppler processors are coupled to a
scan converter 32 and a multi-planar reformatter 44. The
scan converter 32 arranges the echo signals inthe spatial
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relationship from which they were received in a desired
image format. In other words, the scan converter acts to
convert the RF data from a cylindrical coordinate system
to a Cartesian coordinate system appropriate for display-
ing an ultrasound image on an image display 40. In the
case of B mode imaging, the brightness of pixel ata given
coordinate is proportional to the amplitude of the RF sig-
nal received from that location. For instance, the scan
converter may arrange the echo signal into a two dimen-
sional (2D) sector-shaped format, or a pyramidal three
dimensional (3D) image. The scan converter can overlay
a B mode structural image with colors corresponding to
motion at points in the image field, where the Doppler-
estimated velocities to produce a given color. The com-
bined B mode structural image and color Doppler image
depicts the motion of tissue and blood flow within the
structural image field. The multi-planar reformatter will
convert echoes that are received from points in a com-
mon plane in a volumetric region of the body into an ul-
trasound image of that plane, as described in US Pat.
6,443,896 (Detmer). A volume renderer 42 converts the
echo signals of a 3D data set into a projected 3D image
as viewed from a given reference point as described in
US Pat. 6,530,885 (Entrekin et al.). The volume renderer
42 may also perform a segmentation function, thereby
allowing to perform anatomy segmentation on the ac-
quired ultrasound data.

[0066] The 2D or 3D images are coupled from the scan
converter 32, multi-planar reformatter 44, and volume
renderer 42 to an image processor 30 for further en-
hancement, buffering and temporary storage for display
on an image display 40. The imaging processor may be
adapted to remove certain imaging artifacts from the final
ultrasound image, such as: acoustic shadowing, for ex-
ample caused by a strong attenuator or refraction; pos-
terior enhancement, for example caused by a weak at-
tenuator; reverberation artifacts, for example where high-
ly reflective tissue interfaces are located in close prox-
imity; and so on. In addition, the image processor may
be adapted to handle certain speckle reduction functions,
in order to improve the contrast of the final ultrasound
image.

[0067] In addition to being used for imaging, the blood
flow values produced by the Doppler processor 28 and
tissue structure information produced by the B mode
processor 26 are coupled to a quantification processor
34. The quantification processor produces measures of
different flow conditions such as the volume rate of blood
flow in addition to structural measurements such as the
sizes of organs and gestational age. The quantification
processor may receive input from the user control panel
38, such as the point in the anatomy of an image where
a measurement is to be made.

[0068] Output data from the quantification processor
is coupled to a graphics processor 36 for the reproduction
of measurement graphics and values with the image on
the display 40, and for audio output from the display de-
vice 40. The graphics processor 36 can also generate
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graphic overlays for display with the ultrasound images.
These graphic overlays can contain standard identifying
information such as patient name, date and time of the
image, imaging parameters, and the like. For these pur-
poses the graphics processor receives input from the us-
erinterface 38, such as patient name. The user interface
is also coupled to the transmit controller 18 to control the
generation of ultrasound signals from the transducer ar-
ray 6 and hence the images produced by the transducer
array and the ultrasound system. The transmit control
function of the controller 18 is only one of the functions
performed. The controller 18 also takes account of the
mode of operation (given by the user) and the corre-
sponding required transmitter configuration and band-
pass configuration in the receiver analog to digital con-
verter. The controller 18 can be a state machine with
fixed states.

[0069] The user interface is also coupled to the multi-
planar reformatter 44 for selection and control of the
planes of multiple multi-planar reformatted (MPR) imag-
es which may be used to perform quantified measures
in the image field of the MPR images.

[0070] Figure 2 shows a method 100 for guiding the
acquisition of ultrasound data.

[0071] The method begins in step 110, wherein ultra-
sound data is obtained from a plurality of data acquisition
planes 120.

[0072] Instep 125, spatial registration is performed on
the plurality of data acquisition planes. In other words,
the location of each data acquisition plane, relative to the
other data acquisition planes, is determined. The spatial
registration may be performed based on vessel cross
sections identified in the data acquisition planes. Alter-
natively, markers may be placed on the subject, which
may then be used to identify the locations of the data
acquisition planes. Further alternatives that may be used
for plane registration with respect to an anatomy could
include positional sensors, accelerometers, gyroscopes,
EM tracking sensors, optical tracking sensors and the
like.

[0073] In step 130, a number of vessels 140 are iden-
tified in each data acquisition plane. In the example
shown in Figure 2, two of the data acquisition planes 120
contain one vessel 140 and one data acquisition plane
contains two vessels.

[0074] The vessels in each data acquisition plane may
be identified in a number of ways. For example, the iden-
tification of the number of vessels may include identifying
a vessel cross section based on the ultrasound data.
[0075] The ultrasound data may include a variety of
data. For example, the ultrasound data may include ul-
trasound image data, which may then be used to repre-
sent the data acquisition planes as 2D ultrasound imag-
es. Further, image segmentation may be employed to
recognize and identify vessel cross sections.

[0076] Ultrasound image data may include structural
B-mode data, which may not be displayed as an image
to a user but may be employed in a process internal to

10

15

20

25

30

35

40

45

50

55

the ultrasound system.

[0077] Further, the ultrasound data may include Dop-
pler ultrasound data. In this case, the identification of the
number of vessels in each data acquisition plane may
include determining a direction of blood flow within the
data acquisition planes based on the Doppler ultrasound
data.

[0078] The direction of blood flow within a data acqui-
sition plane, and more specifically within a given area of
adata acquisition plane, may be used to identify vessels.
For example, where a data acquisition plane is located
at a neck of a subject, two vessels (the carotid artery and
the jugular vein) may be identified by way of their oppos-
ing flow directions.

[0079] Further, or alternatively, the ultrasound data
may include pulsatility data, which represents the vari-
ance of the blood flow velocity within a given vessel. In
the example of pulsatility data, the vessels may be iden-
tified by way of matching the captured pulsatility data to
known pulsatility profiles, such as the typical pulsatility
profile of a carotid artery or jugular vein.

[0080] The combination of ultrasound image data (B-
mode data) and Doppler (color) data may be referred to
as duplex data-based vessel identification.

[0081] Various methods of vesselidentification are dis-
cussed further below.

[0082] In step 150, a location of a vessel bifurcation is
determined based on the ultrasound data and the number
of vessels in each data acquisition plane.

[0083] Forexample, a location of a bifurcation may be
identified based on a change in the number of vessels
presentin the data acquisition planes. As shown in Figure
2, the number of vessels in the data acquisition planes
changes from two vessels to one vessel, meaning that a
vessel bifurcation may exist within the data acquisition
region. The existence of a vessel bifurcation may be con-
firmed through the use of Doppler color ultrasound data,
pulsatility data or further ultrasound image data.

[0084] Instep 160, a guidance instruction is generated
based on the location of the vessel bifurcation, wherein
the guidance instruction is adapted to indicate a location
to obtain further ultrasound data. Examples of the guid-
ance instruction are discussed further below.

[0085] This method may be carried out within an ultra-
sound system, such as the system described above with
reference to Figure 1. However, this method may also
be employed on any device that is capable of receiving
ultrasound data. For example, an ultrasound probe may
be used to acquire the ultrasound data, which may then
be provided to a separate patient monitor to carry out the
method described above. The data may be provided by
any suitable communication means.

[0086] Figures 3 and 4 show an example of a data ac-
quisition plane wherein the ultrasound data comprises
both ultrasound image data, in the form of B-mode data,
and Doppler color data. In this example, a linear ultra-
sound transducer array 200 is used to acquire data re-
lating to the carotid artery 210 of a user. The current data



13 EP 3 669 786 A1 14

acquisition plane 220 and vessel cross sections 230 with-
in said plane are shown.

[0087] In Figure 3, the transducer array 200 is placed
proximate to an upper part of the carotid artery and
moved (which may be a guided movement) to find mul-
tiple vessels. In this case, the vessel finding algorithm is
based on a combination 240 of B-mode image data and
a color Doppler data stream, wherein shape recognition
may be applied to both the B-mode data and the color
data. In this way, it is possible to identify the internal ca-
rotid artery ICA, the external carotid artery ECA and the
jugular vein JV based on the roughly circular or elliptical
shapes in either the B-mode data or the color data.
[0088] The B-mode data and the color data may be
used to discriminate the artery and the vein from each
other. Further, it is possible to implement a hardware
implementation to discriminate between the artery and
vein using information about direction of the flow with
respect to the ultrasound sensor. In this case, the place-
ment of the transducer array should be realized with a
certain orientation with respect the vessels beingimaged,
which may be indicated on the sensor. By analyzing the
color flow information the artery and vein may then be
separated.

[0089] By way of an example, a vessel may be identi-
fied according to the following steps. Firstly, the color
Doppler flow image is converted to HSV (Hue, Saturation,
Value) space and the image is converted to a binary im-
age by applying threshold saturation to HSV space. The
binary image is then pre-processed by filling the holes in
the image and the region having the largest area within
the image is selected by way of connected component
analysis.

[0090] The centerofa vesselis identified from the cen-
troid of the selected region and the RGB patterns of the
selected region are analyzed to differentiate the laminar
and turbulent flow within the vessel. Indeed, depending
on the medical application this information may be used
as a guide to maintain a current position or to move away
from the bifurcation. A pulsatility measure is then com-
puted from the Doppler color signal to confirm that the
signal is from a given vessel, such as an artery.

[0091] In Figure 4, the transducer array is moved to
the opposite side of the bifurcation area. Ideally, one el-
lipse representing a vessel will be in the color Doppler
data stream at this moment. If, as is shown in Figure 4,
the jugular vein is in the field of view, it may be discrim-
inated as described above and rejected for measure-
ment.

[0092] Figure 5 shows a schematic representation of
a data acquisition plane for obtaining the further ultra-
sound data following a guidance instruction.

[0093] In this example, the method shown in Figure 2
further comprises identifying a central axis 300 of a vessel
based on the ultrasound data. As discussed above, the
ultrasound data may include one or more of ultrasound
image data, color Doppler data or pulsatility data.
[0094] Accordingly, the guidance instruction for locat-
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ing the position for further ultrasound data acquisition
may also be based on the central axis of the vessel. In
the example shown in Figure 5, the location to obtain
further ultrasound data comprises an inclined data ac-
quisition plane 310, whichis inclined relative to the central
axis of the vessel by an angle a. Angle a. may be in the
range of 10 to 50 degrees, for example between 15 and
45 degrees, with the central axis of the vessel.

[0095] In this way, the ultrasound sensor used to ac-
quire the ultrasound data does not need to be aligned
with the vessel at a given specific angle, which may be
difficult to achieve in practice. Rather, the sensor may be
placed at an angle within the range of 10 to 50 degrees
with respect the central axis of the vessel and achieve
optimal data acquisition results. In this way, the position-
ing of a sensor becomes very robust towards patient mo-
tion and is not susceptible to the same sensitivity as a
traditional ultrasound data acquisition method. Further,
the elimination of the requirement to place the sensor in
a specific orientation reduces the time and skill required
to properly locate the probe for data acquisition.

[0096] The angle of orientation of the probe may be
determined by the ultrasound system based on the ellip-
tical shape of the vessel. For example, a thin ellipse may
indicate a small angle a; whereas, a near circular shape
may indicate a larger angle a.

[0097] Figure 6 shows a schematic representation of
a sensor 200 collecting data from an inclined data acqui-
sition plane 310. In this case, combined color Doppler
and B-mode data 350 is acquired alongside a graph of
pulsatility data 360.

[0098] The graph of the pulsatility data shows a plot of
blood velocity within the vessel (on the y-axis) against
time (on the x-axis). As can be seen from the graph, the
plot covers approximately seven cardiac cycles, wherein
each peak represents a constriction of the heart. The
pulsatility data may be used in the identification of a ves-
sel.

[0099] In summary, the algorithms presented above
are suitable for real-time monitoring of full beat-to-beat
waveforms representing blood velocity and flow within a
vessel. Together with real-time segmentation, the meth-
od provides for monitoring flow through the blood ves-
sels.

[0100] As discussed above, the ultrasound data is ac-
quired by way of a sensor. There are a number of imple-
mentations of a sensor that may be used to collect the
ultrasound data as described. For example, the sensor
may comprise: a linear transducer array; two linear trans-
ducer arrays, arranged such that the imaging plane of
one array is orthogonal to the other; or a 2D array.
[0101] The guidance provided to the user may be pro-
vided in an indirect manner. In other words, the system
may analyze the ultrasound data and generate a guid-
ance signal by way of a guidance means separate from
the sensor. For example, where a visual guidance signal
is generated, an arrow may be displayed on a screen
indicating a direction in which the user should move the
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sensor.
[0102] Alternatively, the means for providing guidance
to the user may be included in the sensor itself. For ex-
ample, the sensor may be adapted to generate one or
more of: an audible instruction; a visual instruction; an
electronic control signal; and a tactile instruction, to guide
the user.

[0103] Figure 7 shows an example workflow 500 of the
above methods as carried out by a sensor comprising a
single linear transducer array, which may be in the form
of an ultrasound patch.

[0104] Initially, ultrasound data is acquired from a plu-
rality of data acquisition planes using the ultrasound
patch. In the example shown in Figure 7, a first data ac-
quisition plane 510 comprises three vessels, shown by
the three circles, and a second data acquisition plane
520 comprises two vessels, shown by the two circles.
[0105] Vessel identification 530 is then performed on
the data acquisition planes. The vessel identification may
be performed as described above. In the example shown
in Figure 7, the vessel of interest is the carotid artery,
which is indicated by the black circles, and the remaining
vessel, whichin this case is the jugular vein, is disregard-
ed. It may be determined through the color Doppler data
and/or the pulsatility data that the two arteries in the first
data acquisition plane and the one artery in the second
data acquisition plane form parts of a common vessel.
In other words, it may be determined that a vessel bifur-
cation exists between the first and second data acquisi-
tion planes.

[0106] A sweep 540 may then be performed by moving
the sensor along the vessel, thereby mapping out the
vessel and the bifurcation in more detail.

[0107] The ultrasound patch is then applied by a user
with guidance provided by indicators. As stated, indica-
tors may be provided on the patch, as well as, or instead
of, being displayed on a remote monitor. The guidance
is based on duplex ultrasound data i.e. a combination of
the B-mode data and the color Doppler data. Using the
duplex data, the workflow steps also make sure that the
patch is placed well below the bifurcation, such that only
one vessel cross section of interest exists in the data
acquisition plane as shown in plane 550. For example,
the patch may be placed 2 cm below the bifurcation. This
ensures that the effects of turbulent flow near the bifur-
cation are minimized when estimating flow parameters.
[0108] The vessel of interest is then centered in the
data acquisition plane as shown in plane 560. Finally,
the patch is rotated such that a view along the length of
the vessel is available, rather than a cross section. The
length view may be a complete view 570 or a partial view
580, which may then be corrected through placement
guidance or through image correction. Alternatively, the
partial view 580 may be sufficient for the intended pur-
pose, meaning that this view may act as the final position
of the linear array.

[0109] In the case of visual feedback, the sensor may
be provided with one or more LEDs, which may provide
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a visual signal to a user as to how the sensor should be
moved. In the case of an audible instruction, one or more
speakers may be provided to supply an audible instruc-
tion to the user. Where tactile feedback is used, the patch
may be provided with one or more vibration modules,
which (de)activate to provide a tactile instruction that may
be interpreted by the user. In the example of an electronic
instruction signal, the feedback may be provided to a
remote digital means, such as a monitor, which then
presents the user with an instruction in a suitable form.
[0110] Figure 8 shows a graphical representation 600
of an example of guided sensor placement using a T-
shaped array and visual indicators disposed on the sen-
SOor.

[0111] Asensor610isshown placed in close proximity
to a vessel of interest 620. The sensor comprises a first
transducer array 630, which in this case generates a
cross sectional view of the vessel, and a second trans-
ducer array 640 arranged orthogonally to the first trans-
ducer array. The sensor patch may also include further
transducer arrays.

[0112] Further, the sensorcomprises translation visual
indicators 650 and rotational visual indicators 660. In op-
eration, a translation visual indicator may be illuminated
to provide a user with a guidance signal to move the patch
in the indicated direction. Similarly, a rotational visual in-
dicator may be illuminated to provide a user with a guid-
ance signal to rotate the patch in the indicated direction.
[0113] In the example shown in Figure 8, the sensor
is placed such that the first transducer array captures a
data acquisition plane that includes an incomplete view
670 of the vessel of interest. The sensor may be initialized
by way of a suitable user input, for example a button
located on the sensor patch.

[0114] Only the first transducer array may be activated
at firstin order to secure a complete cross sectional view
of the vessel of interest. Alternatively, both the first and
second transducer arrays may be activated simultane-
ously.

[0115] In this case, the ultrasound sensor patch cap-
tures duplex (B-mode and color Doppler) data, which
may be streamed to a processor (in the illustrative ex-
ample of Fig. 1, the image processor 30 may perform this
function) of a connected ultrasound system.

[0116] A segmentation algorithm (in the illustrative ex-
ample of Fig.1, the segmentation function might be either
performed by a separate unit, a volume renderer 42, or
by the same processor 30, which receives the ultrasound
image data), as described above, is employed to detect
the vessels within the data acquisition plane on the color
flow data (for example, by searching for the circular ap-
pearance of the vessels). If the vessel appears as two
segmented regions then the patch is above the bifurca-
tion. The goal in the example shown in Figure 8 is to
place the patch below the bifurcation on the common
carotid artery which is a single vessel. An indicator com-
municates a successful completion of this step if the com-
mon carotid artery is detected. As discussed above, the
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segmentation can be on the color and/or the B-Mode
data.

[0117] In this instance, the initial view of the vessel is
incomplete. Accordingly, a translation visual indicator
may be activated on the sensor patch, thereby guiding
the used to move the patch to a complete view of the
vessel 680.

[0118] To ensure that the segmented region 690 is in-
deed the desired vessel, such as an artery and not a vein
or a noise artifact, the sensor may also capture pulsatility
data. A pulsatile flow may be used to confirm that the
signal is from the desired vessel.

[0119] When a complete cross section of the desired
vessel is captured a control switch may activate the sec-
ond transducer array 640 to begin streaming duplex ul-
trasound data from along the length of the vessel.
[0120] An algorithm looks for a cylindrical appearance
of the flow spanning the entire data acquisition plane. If
the segmented vessel does not span the lateral of the
data acquisition plane, there may be an angular misalign-
ment of the sensor patch along the length of the vessel
700. The appropriate rotational visual indicators may be
used to guide the user to rotate the patch and maximize
the cylindrical appearance of the vessel in the ultrasound
data. It should be noted that the data need not be visible
to the user, but may be performed within the system by
the algorithm. Once the desired view 710 is achieved,
the indicators may signal the achievement of correct an-
gular alignment. The desired view 710 may change ac-
cording to the given application. For example, a view of
the vessel that results in a long ellipse, rather than a full
cylinder may be sufficient. Accordingly, the desired view
may include a range of views of the vessel.

[0121] Switching back to the cross sectional view of
the first transducer array, the algorithm may check if the
vessel is still in the center of the view. A positive confir-
mation indicates that the elements of the second trans-
ducer array are aligned with the center axis of the vessel.
Otherwise, the algorithm may instruct the user with ap-
propriate indicators to move the sensor patch to achieve
that. The user may then activate a button to signal the
completion of the patch placement and the various data
acquisition methods described above may proceed.
[0122] Theultrasoundsensorpatch maybe awearable
patch that may be temporarily fixed to a subject, thereby
allowing them to move freely while the patch is in oper-
ation.

[0123] In another example, the patch may include a
2D array of transducer elements capable of performing
3D ultrasound imaging. In this case, an x-plane could be
used to help in vessel alignment in an analogous way to
the first transducer array described above. An x-plane is
suggested, rather than using the full 2D array, as this
reduces the number of channels required to align the
patch, which reduces the power consumption and data
rate, and/or allows for higher frame rates. In this case,
the patch may simply be placed on an area of interest
without requiring iterative movement or adjustment of the
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patch. All elements of the array may be activated to find
the sub-set of elements that best aligns with the vessel
axis. There would be no (or minimal) training or expertise
required for patch placement in such an example.
[0124] In a further example, the linear transducer ar-
rays of the sensor patch described in Figure 8 may be
replaced with 1.5D transducer elements, which would
increase the field of view of the data acquisition plane
and may minimize the iterations needed to search for the
vessel and/or to align the sensor patch to the vessel.
[0125] Variations to the disclosed embodiments can
be understood and effected by those skilled in the art in
practicing the claimed invention, from a study of the draw-
ings, the disclosure and the appended claims. In the
claims, the word "comprising" does not exclude other el-
ements or steps, and the indefinite article "a" or "an" does
not exclude a plurality. A single processor or other unit
may fulfill the functions of several items recited in the
claims. The mere fact that certain measures are recited
in mutually different dependent claims does not indicate
that a combination of these measures cannot be used to
advantage. A computer program may be stored/distrib-
uted on a suitable medium, such as an optical storage
medium or a solid-state medium supplied together with
or as part of other hardware, but may also be distributed
in other forms, such as via the Internet or other wired or
wireless telecommunication systems. Any reference
signs in the claims should not be construed as limiting
the scope.

Claims

1. A method (100) for guiding the acquisition of ultra-
sound data, the method comprising:

obtaining (110) ultrasound data from a plurality
of data acquisition planes (120);

performing (125) spatial registration on the plu-
rality of data acquisition planes;

identifying (130) a number of vessels (140) in
each data acquisition plane;

determining (150) a location of a vessel bifurca-
tion based on the spatial registration of the plu-
rality of data acquisition planes and the number
of vessels in each data acquisition plane; and
generating (160) a guidance instruction based
on the location of the vessel bifurcation, wherein
the guidance instruction is adapted to indicate
a location to obtain further ultrasound data.

2. A method as claimed in claim 1, wherein the method
further comprises:

identifying a central axis (300) of a vessel based
on the ultrasound data, wherein:

the guidance instruction is further based on
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the central axis of the vessel; and

the location to obtain further ultrasound data
comprises an inclined data acquisition
plane (310), wherein the inclined data ac-
quisition plane isinclined relative to the cen-
tral axis of the vessel.

A method as claimed in claim 2, wherein the inclined
data acquisition plane defines an angle (a) in the
range of 10 to 50 degrees with the central axis of the
vessel.

A method as claimed in any of claims 1 to 3, wherein
the method further comprises identifying a vessel
cross section based on the ultrasound data.

A method as claimed in claim 4, wherein the per-
forming (125) of the spatial registration on the plu-
rality of data acquisition planes is based on the iden-
tified vessel cross section

A method as claimed in any of claims 4 to 5, wherein
the identifying (130) of a number of vessels in each
data acquisition plane is based on the identified ves-
sel cross section

A method as claimed in any of claims 1 to 6, wherein
the ultrasound data comprises Doppler ultrasound
data.

A method as claimed in claim 7, wherein the identi-
fying (130) of a number of vessels in each data ac-
quisition plane comprises determining a direction of
blood flow within the data acquisition planes based
on the Doppler ultrasound data.

A method as claimed in any of claims 7 to 8, wherein
the Doppler ultrasound data comprises pulsatility da-
ta.

A method as claimed in any of claims 1to 9, wherein
the guidance instruction comprises one or more of:

an audible instruction;

a visual instruction;

an electronic control signal; and
a tactile instruction.

A method as claimed in any of claims 10 9, wherein
the ultrasound data comprises ultrasound image da-
ta.

A computer program comprising computer program
code means which is adapted, when said computer
program is run on a computer, to implement the
method of any of claims 1 to 11.

A medical system adapted to guide the acquisition
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20
of ultrasound data, the system comprising:

a processor, wherein the processor is adapted
to:

obtain ultrasound data from a plurality of da-
ta acquisition planes;

perform spatial registration on the plurality
of data acquisition planes;

identify a number of vessels in each data
acquisition plane;

determine a location of a vessel bifurcation
based on the spatial registration of the plu-
rality of data acquisition planes and the
number of vessels in each data acquisition
plane; and

generate a guidance instruction based on
the location of the vessel bifurcation, where-
in the guidance instruction is adapted to in-
dicate alocation to obtain further ultrasound
data.

A system as claimed in claim 13, wherein the system
further comprises an ultrasound transducer in com-
munication with the processor, wherein the ultra-
sound transducer is adapted to acquire ultrasound
data from a plurality of data acquisition planes.

A system as claimed in claim 14, wherein the ultra-
sound transducer comprises one or more of:

a linear transducer array;
a T-shaped transducer array; and
a 2D transducer array.
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* US 6283919 B, Roundhill [0064]

23



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

EHA

IPCHERE
CPCH %5
REHAI(F)
ShERaEsE

BEG®)

REARBRT A TESBFRENREN T, ZHETBTNS
MEREFERGEFBREANTHEREFENZAEE, RBE
BIMMEXREFEPRNETZRE. ARETHEREFENZHE
ENBMEREFHTNENHEKRRINESZNVE, ETHNE
PROLEFERESES

FEONE,

HEESISBERERGMAZE

EP3669786A1 AFF(AE)A
EP2018212911 % B
ERTFHBFRHBERAA

ERTEFEN.V.

ERTERAEN.V.

SETHURAMAN SHRIRAM

DE WILD NICO MARIS ADRIAAN
PALANISAMY KRISHNAMOORTHY
MATHEW DENNY

BEZEMER RICK

SETHURAMAN, SHRIRAM
SHULEPOV, SERGEI Y.

MANZARI, SABINA

DE WILD, NICO MARIS ADRIAAN
PALANISAMY, KRISHNAMOORTHY
MATHEW, DENNY

BEZEMER, RICK

A61B8/00 A61B8/08 A61B90/00 G01S15/89

2020-06-24

2018-12-17

patsnap

A61B8/0891 A61B8/4245 A61B8/463 A61B8/469 A61B8/483 A61B8/488 G01S7/52066 G01S15/8915

HPZESETETERRBE - SBER

FIG. 2

L~
130

s~
150

s~

i)

160

s~



https://share-analytics.zhihuiya.com/view/001b3fd3-5626-479c-a559-da62db47b160
https://worldwide.espacenet.com/patent/search/family/064744364/publication/EP3669786A1?q=EP3669786A1

