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Description
FIELD OF THE INVENTION

[0001] The present invention relates to an ultrasound system and method, particularly to an ultrasound system and
method for vessel identification and/or the relevant measurements.

BACKGROUND OF THE INVENTION

[0002] Measurements of the diameter of the inferior vena cava (IVC) and its respirophasic variations, called Caval
index (Cl), using ultrasound have been gaining increasing importance for handling trauma.

[0003] Currently, the diameter measurement of a vessel is mostly performed manually or by using semi-automatic
segmentation based on seed points manually placed in the vessel region. However, both are user dependent and not
preferred in time critical situations, such as EMTs in pre-hospital situations.

[0004] US2013/038505 discloses an automated 3D ultrasound abdominal vessel monitor, which can be used for IVC
measurement and monitoring. It claims that the walls of the IVC can be automatically detected so as to determine the
size and volume of the IVC. However, the walls of the vessel are not easy to detect because other structures (tissue,
bonesor other vessels) may impair the detection, and so such a fully automatic approach is not robust or reliable.

SUMMARY OF THE INVENTION

[0005] Therefore, it would be advantageous to provide animproved ultrasound system and method for vessel detection
and/or identification.

[0006] In accordance with an embodiment of a first aspect of the present invention, there is proposed an ultrasound
system for identifying a vessel of a subject. The ultrasound system comprises: an ultrasound probe configured to simul-
taneously acquire a sequence of ultrasound blood flow data frames and a sequence of ultrasound B-mode data frames
of a region of interest including the vessel over a predetermined time period; a blood flow region selecting unit configured
to detect a blood flow region in each frame of multiple frames in the sequence of ultrasound blood flow data frame, and
select a blood flow region among the detected blood flow regions; and a vessel segmenting unit configured to segment
the vessel in at least one frame of the sequence of ultrasound B-mode data frames based on the selected blood flow
region, the at least one frame comprising the ultrasound B-mode data frame temporally corresponding to the ultrasound
blood flow data frame in which the selected blood flow region is detected.

[0007] On the one hand, there is no need to manually place any seed point for vessel segmentation, and a fully
automatic measurement is achieved, which reduces user dependency and enables a fast measurement. Further, a B-
mode data frame is known to be useful and reliable for vessel identification, because it provides various anatomic
information, such as the position of the vessel wall. On the other hand, the segmentation of the vessel in a B-mode data
frame makes use of information from blood flow data frames, such as Doppler data frames, and thus more robust, reliable
segmentation can be achieved. In other words, the selected blood flow region detected in data frames in a certain
ultrasound mode, namely ultrasound blood flow data frame, can be served as reliable seed points for further vessel
identification on basis of data frames in another ultrasound mode, namely the vessel segmentation in the B-mode data
frame. Any existing or future developed, seeds-based segmentation methods can be applied to segment the vessel
based on the selected blood flow region. Furthermore, the blood flow region is selected in a sequence of ultrasound
blood flow data frames such as a sequence of ultrasound Doppler data frame, namely from multiple data frames acquired
at different time points rather than from a single data frame. This is particularly advantageous for identifying a vessel
having a blood flow which varies over time, for example, due to the cardiac cycle and/or the respiration cycle, because
the blood flow of the vessel might be hardly detectable in a certain data frame but can be reliably detected in at least
one data frame of the sequence. For example, the blood flow of the IVC at the expiration phase is more detectable than
other phases.

[0008] The term "ultrasound blood flow data frame" refers to an ultrasound data frame comprising information on blood
flow in the region of interest. The ultrasound blood flow data frame can be an ultrasound Doppler data frame, an ultrasound
contrast-enhanced data frame (e.g. data frame acquired in microbubble-assisted imaging), or any other ultrasound data
frame acquired by means of any other existing ultrasound modalities or modalities developed in future capable of providing
blood flow information. Preferably, an ultrasound Doppler data frame is used alone or in combination with one or more
other ultrasound blood flow data frames by the blood flow region selecting unit, because Color Doppler is quite cost
efficient.

[0009] The person skilled in the art would appreciate that the simultaneously acquired ultrasound B-mode sequence
and ultrasound blood flow sequence must not necessarily comprise the same number of data frames. The two sequences
may have the same or a different frame rate. In some embodiments, the at least one frame of the sequence of the
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ultrasound B-mode data frame comprises a frame which is acquired at the same time as the blood flow data frame where
the selected blood flow region is located, or a frame which is acquired at a time sufficiently close to the time when the
blood flow data frame where the selected blood flow region is located was acquired. During the acquisition of ultrasound
data, the ultrasound probe is substantially held steady or stationary so as to acquire ultrasound data from the same
region of interest, although the tissue movements may be present due to respiration or the like. The person skilled in
the art would also appreciate that the term "B-mode data" is used in a generic sense here and it can be fundamental,
harmonic data or any other similar data. Further, the term "segmentation" is also used in a generic sense here and it
can refer to the segmentation of all boundaries of the vessel, or it can refer to the segmentation or identification of certain
portion(s) of the boundaries.

[0010] In some cases, one or more features of the vessel (such as size, blood pressure, blood flow velocity, etc.)
periodically change over time, which may, for example, be related to heart cycles or respiration cycles. In those cases,
the predetermined time period can preferably cover one or more cycles of the periodical change.

[0011] In some embodiments, the vessel can be the vessel of the inferior vena cava or another vessel of interest. The
region of interest, the B-mode data frame and the blood flow data frame can be two-dimensional or three-dimensional.
In case of being two-dimensional, the region of interest can be either a longitudinal cross section of the vessel, or a
transverse cross section of the vessel.

[0012] In accordance with an embodiment of the present invention, the blood flow region selecting unit is further
configured to determine a size for the detected blood flow regions, and to select the blood flow region based on the
determined sizes.

[0013] The person skilled in the art would appreciate that the size of the blood flow region can be quantized by various
parameters, which can be one or more of area, perimeter, diagonal length, etc. for a two-dimensional region, or can be
one or more of volume, cross-sectional area, etc. for a three-dimensional region.

[0014] In some embodiments, the size of the selected blood flow region is the largest among the detected blood flow
regions. In some other embodiments, any blood flow region having a size larger than a pre-determined threshold can
be selected.

[0015] In some embodiments, the selection of the blood flow region can be further based on other information such
as the orientation of the blood flow, or anatomical information extracted from the B-mode data frames.

[0016] In accordance with an embodiment of the present invention, the vessel segmenting unit is further configured
to segment the vessel in at least one other frame of the sequence of B-mode data frames by means of tracking the
vessel based on the segmented vessel in the at least one frame.

[0017] Once the vessel is segmented in one B-mode data frame of the sequence of B-mode data frames, various
existing or future developed tracking methods can be applied to track the vessel boundaries in any other B-mode data
frame of the sequence. Thus, the vessel can be segmented in any B-mode data frame.

[0018] In accordance with an embodiment of the present invention, the ultrasound system further comprises a vessel
feature deriving unit configured to derive a feature indicating a transverse size of the segmented vessel in the at least
one B-mode data frame. The derived feature can be diameter, transverse cross-section area and other suitable features.
[0019] Inaccordance with an embodiment of the presentinvention, the ultrasound system further comprises a landmark
identifying unit, wherein the landmark identifying unit is configured to identify a landmark in the at least one B-mode data
frame; and the vessel feature deriving unit is configured to derive the feature based on the identified landmark.

[0020] The transverse size of the vessel may not always be the same, and sometimes the transverse size of a certain
portion of the vessel, e.g. a portion proximate a certain landmark, is of particular interest. Thus, by detecting and using
certain anatomical landmarks, the corresponding transverse size can be derived.

[0021] In some embodiments, the ultrasound system further comprises a display configured to display the derived
feature. The derived feature can be presented alone or together with an image of the at least one B-mode data frame.
For example, the derived feature can be displayed aside, or overlaid over, the B-mode image.

[0022] In accordance with an embodiment of the present invention, the ultrasound system comprises a respiration
identifying unit, wherein the respiration identifying unit is configured to identify a respiration cycle of the subject; and the
vessel feature deriving unit is configured to derive the feature based on the identified respiration cycle.

[0023] For example, the respiration identifying unit is further configured to identify a first data frame of the sequence
of ultrasound B-mode data frames corresponding to the end of expiration of the subject and a second data frame of the
sequence of ultrasound B-mode data frames corresponding to the end of inspiration of the subject, the vessel segmenting
unit is configured to segment the vessel in each of the first and second data frame; and the vessel feature deriving unit
is configured to derive the feature based on the segmented vessels in the first and second data frame.

[0024] In some embodiments, the respiration identifying unit can be configured to identify the respiration cycle based
on a respiration signal received from an additional sensor or extracted from tracking tissue/liver movements.

[0025] In some other embodiments, the vessel segmenting unit is configured to segment the vessel in each of a
plurality of data frames of the sequence of ultrasound B-mode data frames; and the respiration identifying unitis configured
to identify a respiration cycle of the subject based on the segmented vessels in the plurality of data frames. For example,
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the respiration cycle can be identified based on the features derived from the segmented vessels in the plurality of data
frames, such as vessel diameters, or the change of the position of the vessel wall.

[0026] In some embodiments, the vessel is the inferior vena cava, the derived features comprise the diameters of the
vessel, and the feature deriving unit is further configured to derive the caval index from the derived features.

[0027] In accordance with an embodiment of a second aspect of the presentinvention, there is proposed a first method
of identifying a vessel of a subject via ultrasound. The first method comprises the steps of: simultaneously acquiring a
sequence of ultrasound blood flow data frames and a sequence of ultrasound B-mode data frames of a region of interest
including the vessel over a predetermined time period; detecting a blood flow region in each frame of multiple frames
in the sequence of ultrasound blood flow data frame and selecting a blood flow region among the detected blood flow
regions; and segmenting the vessel in at least one frame of the sequence of ultrasound B-mode data frames based on
the selected blood flow region, the at least one frame comprising the ultrasound B-mode data frame temporally corre-
sponding to the ultrasound blood flow data frame in which the selected blood flow region is detected.

[0028] In accordance with an embodiment of a third aspect of the present invention, there is proposed a first apparatus
for identifying a vessel of a subject. The first apparatus is connectable to one or more second apparatus for providing
a sequence of ultrasound blood flow data and a sequence of ultrasound B-mode data frames of a region of interest
including the vessel which are simultaneously acquired over a predetermined time period. The first apparatus comprises:
a blood flow region selecting unit configured to detect a blood flow region in each frame of multiple frames in the sequence
of ultrasound blood flow data frame, and to select a blood flow region among the detected blood flow regions; and a
vessel segmenting unit configured to segment the vessel in at least one frame of the sequence of ultrasound B-mode
data frames based on the selected blood flow region, the at least one frame comprising the ultrasound B-mode data
frame temporally corresponding to the ultrasound blood flow data frame in which the selected blood flow region is detected.
[0029] In accordance with an embodiment of a fourth aspect of the present invention, there is proposed a second
method of identifying a vessel of a subject from a sequence of ultrasound blood flow data and a sequence of ultrasound
B-mode data frames of a region of interest including the vessel which are simultaneously acquired over a predetermined
time period. The second method comprises: detecting a blood flow region in each frame of multiple frames in the sequence
of ultrasound blood flow data frame and selecting a blood flow region among the detected blood flow regions; and
segmenting the vessel in at least one frame of the sequence of ultrasound B-mode data frames based on the selected
blood flow region, the at least one frame comprising the ultrasound B-mode data frame temporally corresponding to the
ultrasound blood flow data frame in which the selected blood flow region is detected.

[0030] In accordance with an embodiment of a fifth aspect of the present invention, there is proposed a computer
product which comprises computer program instructions which, when being executed, perform the aforementioned
second method.

[0031] Otherobjects and advantages of the presentinvention will become more apparent and can be easily understood
with reference to the description made in combination with the accompanying drawings.

DESCRIPTION OF THE DRAWINGS

[0032] The present invention will be described and explained hereinafter in more detail in combination with embodi-
ments and with reference to the drawings, wherein:

FIG.1 illustrates in a block diagram form an ultrasound imaging system constructed in accordance with an embod-
iment of the present invention;

FIG.2 illustrates in a block diagram form a first apparatus for identifying a vessel of a subject in accordance with an
embodiment of the present invention;

FIG.3 illustrates in a block diagram a method of identifying a vessel of a subject in accordance with an embodiment
of the present invention;

FIG.4(a) to FIG.4(d) each illustrate an exemplary B-mode image overlaid with the blood flow regions detected in
the blood flow data frame in different respiration phases, wherein FIG.4(a) and FIG.4(d) respectively correspond to
inspiration and expiration;

FIG.5 illustrates an exemplary B-mode image overlaid with the tracked vessel boundaries and the diameter of the
vessel;

FIG.6 illustrates an exemplary B-mode image overlaid with the identified hepatic vein as landmark;

FIG.7(a) to FIG.7(b) illustrate the detection of the conjunction of right atrium and IVC as landmark;

FIG.8(a) illustrates an exemplary B-mode image overlaid with the tracked vessel boundaries, FIG.8(b) illustrates
the change of the vessel’s diameter, in unit of cm, over time in unit of second;

FIG.9(a) illustrates an exemplary B-mode image overlaid with the tracked vessel’s upper boundary, FIG.9(b) illus-
trates the change of the position of the vessel’s upper boundary, in unit of cm, over time in unit of second; and
FIG.10(a) illustrates an exemplary B-mode image overlaid with the tracked liver tissue, FIG.10(b) illustrates the
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change of the position of the liver tissue, in unit of cm, over time in unit of second.
[0033] The same reference signs in the figures indicate similar or corresponding features and/or functionalities.
DETAILED DESCRIPTION

[0034] The present invention will be described with respect to particular embodiments and with reference to certain
drawings but the invention is not limited thereto but only by the claims. For instance, a sequence of ultrasound Doppler
data frames is taken as an example of a sequence of ultrasound blood flow data frames, but the skilled person in the
art would appreciate that the sequence of ultrasound blood flow data frames can be other sequence of ultrasound data
frames comprising blood flow information, such as a sequence of contrast-enhanced data frames. The drawings described
are only schematic and are nonlimiting. In the drawings, the size of some of the elements may be exaggerated and not
drawn to scale for illustrative purposes.

[0035] Referring first to FIG. 1, an ultrasonic system with an array transducer probe is shown in block diagram form.
In FIG.1, a CMUT transducer array 10’ is provided in an ultrasound probe 10 for transmitting ultrasonic waves and
receiving echo information. The transducer array 10’ may alternatively comprise piezoelectric transducer elements
formed of materials such as PZT or PVDF. The transducer array 10’ is a one- or a two-dimensional array of transducer
elements capable of scanning in a 2D plane or in three dimensions for 3D imaging. The transducer array is coupled to
a microbeamformer 12 in the probe which controls transmission and reception of signals by the CMUT array cells or
piezoelectric elements. Microbeamformers are capable of at least partial beamforming of the signals received by groups
or "patches" of transducer elements as described in US Pats. 5,997,479 (Savord et al.), 6,013,032 (Savord), and
6,623,432 (Powers et al.) The microbeamformer is coupled by the probe cable to a transmit/receive (T/R) switch 16
which switches between transmission and reception and protects the main beamformer 20 from high energy transmit
signals when a microbeamformeris not used and the transducer array is operated directly by the main system beamformer.
The transmission of ultrasonic beams from the transducer array 10 under control of the microbeamformer 12 is directed
by a transducer controller 18 coupled to the microbeamformer by the T/R switch and the main system beamformer 20,
which receives input from the user’s operation of the user interface or control panel 38. One of the functions controlled
by the transducer controller is the direction in which beams are steered and focused. Beams may be steered straight
ahead from (orthogonal to) the transducer array, or at different angles for a wider field of view. The transducer controller
18 can be coupled to control a DC bias control 45 for the CMUT array. The DC bias control 45 sets (a) DC bias voltage(s)
that is/are applied to the CMUT cells.

[0036] The partially beamformed signals produced by the microbeamformer 12 on receive are coupled to a main
beamformer 20 where partially beamformed signals from individual patches of transducer elements are combined into
a fully beamformed signal. 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 CMUT transducer cells or piezoelectric elements. In
this way the signals received by thousands of transducer elements of a transducer array can contribute efficiently to a
single beamformed signal.

[0037] Thebeamformed signals are coupled to a signal processor 22. The signal processor 22 can process the received
echo signals in various ways, such as bandpass 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 tissue and microbubbles. The signal processor
may also perform additional signal enhancement such as speckle reduction, signal compounding, and noise elimination.
The bandpass filter in the signal processor can be a tracking filter, with its passband sliding from a higher frequency
band to a lower frequency band as echo signals are received from increasing depths, thereby rejecting the noise at
higher frequencies from greater depths where these frequencies are devoid of anatomical information.

[0038] The processed signals are coupled to a B mode processor 26 and a Doppler processor 28. The B mode
processor 26 employs detection of an amplitude of the received ultrasound signal for the imaging of structures in the
body such as the tissue of organs and vessels in the body. B mode images of structures of the body may be formed in
either the harmonic image mode or the 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 processes temporally distinct
signals from tissue movement and blood flow for the detection of the motion of substances such as the flow of blood
cells in the image field. The Doppler processor typically includes a wall filter with parameters which may be set to pass
and/or reject echoes returned from selected types of materials in the body. For instance, the wall filter can be set to have
a passband characteristic which passes signals of relatively low amplitude from higher velocity materials while rejecting
relatively strong signals from lower or zero velocity material. This passband characteristic will pass signals from flowing
blood while rejecting signals from nearby stationary or slowing moving objects such as the wall of the heart. An inverse
characteristic would pass signals from moving tissue of the heart while rejecting blood flow signals for what is referred
to as tissue Doppler imaging, detecting and depicting the motion of tissue. The Doppler processor receives and processes
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a sequence of temporally discrete echo signals from different points in an image field, the sequence of echoes from a
particular point referred to as an ensemble. An ensemble of echoes received in rapid succession over a relatively short
interval can be used to estimate the Doppler shift frequency of flowing blood, with the correspondence of the Doppler
frequency to velocity indicating the blood flow velocity. An ensemble of echoes received over a longer period of time is
used to estimate the velocity of slower flowing blood or slowly moving tissue.

[0039] The structural and motion signals produced by the B mode and Doppler processors are coupled to a scan
converter 32 and a multiplanar reformatter 44. Volume renderer 42 is coupled to an image processor 30 for further
enhancement, buffering and temporary storage for display on an image display 40.

[0040] Alternative or additional 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.
Optionally, the quantification processor may receive input from the user control panel 38, such as the pointin the anatomy
of an image where a measurement is to be made. Output data from the quantification processor can be coupled to a
graphics processor 36 for the reproduction of measurement graphics and values with the image on the display 40. The
graphics processor 36 can also generate 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.

[0041] The skilled person in the art would appreciate that the scan converter 32, the multiplaner reformater 44, volume
renderer 42, image processor can be omitted in some embodiments if no ultrasound image is to be displayed.

[0042] In accordance with an embodiment of the present invention, the ultrasound probe 10 is configured to simulta-
neously acquire a sequence of ultrasound Doppler data frames and a sequence of ultrasound B-mode data frames of
a region of interest including the vessel, and the quantification processor 32 comprises a blood flow region selecting
unit configured to determine the size of one or more blood flow regions in the sequence of ultrasound Doppler data
frames, and to select a blood flow region based on the determined size; and a vessel segmenting unit configured to
segment the vessel based on the selected blood flow region. In other words, the quantification processor 32 acts as the
apparatus 200 of FIG. 2.

[0043] FIG.2 llustrates in a block diagram form a first apparatus 200 for identifying a vessel of a subject in accordance
with an embodiment of the present invention. The first apparatus 200 can be part of any ultrasound device. Alternatively,
the first apparatus 200 can be a separate device which is connectable to one or more second apparatus for providing
simultaneously acquired sequence of ultrasound Doppler data and sequence of ultrasound B-mode data frames of a
region of interest including the vessel. The second apparatus can be an ultrasound system, an ultrasound device, an
ultrasound probe, a clinical information system, or any other kind of apparatus capable of providing ultrasound data, for
example in DICOM format or in any other suitable format like RF signal format.

[0044] Referring to FIG.2, the first apparatus 200 comprise a blood flow region selecting unit 210, a vessel segmenting
unit 220, a vessel feature deriving unit 230, a landmark identifying unit 240, a display 250, and a respiration identifying
unit 260.

[0045] FIG.3 illustrates in a block diagram a method of identifying a vessel of a subject in accordance with an embod-
iment of the present invention.

[0046] In step 310, the ultrasound probe 10 simultaneously acquires a sequence of ultrasound Doppler data frames
and a sequence of ultrasound B-mode data frames of a region of interest including the vessel over a predetermined
time period.

[0047] In step 320, the blood flow region selecting unit 210 selects a blood flow region in the sequence of Doppler
data frames. In other words, the blood flow region is selected among multiple data frames acquired at different time
rather than from a single data frame. In particular, the blood flow region selecting unit 210 is configured to detect any
blood flow region in each of multiple data frames in the sequence of ultrasound blood flow frames. The multiple data
frames can be all data frames or a subset of data frames in the sequence of ultrasound blood flow frames.

[0048] In some embodiments, the blood flow region selecting unit 210 is further configured to determine a size for the
detected blood flow regions in the sequence of ultrasound Doppler data frames, and to select the blood flow region
based on the determined size. For example, the blood flow region having the largest area or perimeter among the
detected blood flow regions is selected.

[0049] FIG.4(a) to FIG.4(d) each illustrate an exemplary B-mode image overlaid with the blood flow regions detected
in the temporally corresponding Doppler data frame acquired at a different time corresponding to different respiration
phases, wherein FIG.4(a) and FIG.4(d) respectively correspond to inspiration and expiration. In FIG.4(a) to FIG.4(d),
the detected blood flow regions are depicted as the enclosed regions 410, 420, 430, 440, respectively. In this example,
the region of interest comprises a longitudinal (head-feet direction) cross section of the IVC of a subject. More than one
blood flow regions can be detected in a single ultrasound Doppler data frame. The more than one blood flow regions
can belong to the same vessel or different vessels. As described in the above, in some embodiments, the blood flow
region having the largest area or perimeter among the detected blood flow regions is selected. In this example, the blood
flow region 440 in the Doppler data frame illustrated in FIG.4(d) is selected.
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[0050] In some other embodiments, in addition to the size of the detected blood flow region, the blood flow regions
can be selected by further taking one or more other intrinsic characteristics of the vessel to be identified into account,
which is useful in differentiating the blood flow region corresponding to the vessel of interest from other blood flow regions
corresponding to other vessels or tissues. Taking the IVC for an example, one or more of the following can be used:
color Doppler pattern, pulsating pattern/pulse wave velocity (PWV) of IVC walls, echogenicity/thickness of the IVC wall,
flow pattern in the IVC (the IVC’s distal wall being in close proximity to the aorta sometimes exhibits a beating pattern
similar to that of the aorta’s walls), or advance image processing technique, e.g., searching for the horn-like region
(noting that the IVC is of a horn-like shape when imaged longitudinally) or for the half-moon-like dark region in the image
(noting that the right atrium presents itself as a dark half-moon-like area in the longitudinal IVC image).

[0051] Instep 330, the vessel segmenting unit segments the vessel in at least one frame of the sequence of ultrasound
B-mode data frames based on the selected blood flow region. In particular, the vessel segment is performed in an
ultrasound B-mode data frame temporally corresponding to the ultrasound blood flow data frame in which the selected
blood flow region is detected. In some embodiments, the vessel segments can be further performed in the ultrasound
B-mode data frame adjacent to the temporally corresponding B-mode data frame.

[0052] Here, the term "temporally corresponding” means that the ultrasound B-mode data frame is acquired at the
same time as the ultrasound blood flow data frame, or is acquired at a time closest to the acquisition time of the ultrasound
blood flow data frame among all ultrasound B-mode data frames.

[0053] Since the sequence of ultrasound B-mode data frames and the sequence of ultrasound blood flow data frames
are acquired simultaneously, the B-mode data frame and the blood flow data frame acquired at the same or close time
are also substantially registered to each other. Thus, once the position of the selected blood flow region is known in the
ultrasound blood flow data frame, its corresponding position in the ultrasound B-mode data frame is also known and
can be used as seeds for segmentation in the ultrasound B-mode data frame. That is, the vessel segmentation in the
ultrasound B-mode data frame can be performed by using the position of the blood flow region detected in ultrasound
blood flow data frame as seeds.

[0054] In some embodiments, one or more pixels, such as the centroid, in the selected blood flow region, are used
as seeds for segmentation.

[0055] Insomeembodiments, the vessel segmenting unitis configured to select, among the sequence of the ultrasound
B-mode data frames, the ultrasound B-mode data frame which temporally corresponds to the ultrasound blood flow data
frame in which the selected blood flow region is detected, to identify, in the selected ultrasound B-mode data frame, a
region which spatially corresponding to the selected blood flow region in the ultrasound blood flow data frame, and to
segment the vessel in the selected ultrasound B-mode data frame by using the identified region as seeds. For example,
the identified region comprises pixels spatially corresponding to one or more pixels, such as the centroid, in the selected
blood flow region.

[0056] Various existing or future developed, seeds-based segmentation methods can be applied to segment the vessel
based on the selected blood flow region. In the results illustrated in FIG.5, a similarity-based region growing method is
to segment the IVC. The searching can be based on the similarity in grayscale, texture or color Doppler. Once the edges
are detected, the searching in the up and down directions stops and continues in lateral directions along the IVC bound-
aries. The searching proceeds until the distance between the upper and lower edges gets larger or smaller than a
threshold, e.g., in case the searching goes into the atrium.

[0057] Once the vessel is segmented in one B-mode data frame of the sequence of B-mode data frames, various
existing or future developed tracking method can be applied to track the vessel boundaries in any other B-mode data
frame of the sequence. Thus, in some embodiments, the vessel segmenting unit is further configured to segment the
vessel in at least one other frame of the sequence of B-mode data frames by means of tracking the vessel based on
the segmented vessel in the at least one frame.

[0058] In step 340, the vessel feature deriving unit 230 derives a feature indicating a transverse size of the segmented
vessel in the at least one B-mode data frame. For example, the derived feature can be a diameter, transverse cross-
section area and other suitable feature. The derived feature can be presented, via the display 250, alone or together
with an image of the at least one B-mode data frame. In an example, the derived feature can be displayed aside, or
overlaid over, the B-mode image. In another example, the derived feature can be displayed without displaying any image.
In another example, the derived feature is not displayed, but an indication such as an alarm can be presented via any
suitable user interface when the derived feature fulfills a pre-determined criterion, which could be particularly advanta-
geous for monitoring purposes.

[0059] In some embodiments, the movements of both the upper and lower walls of the vessel are tracked, e.g., using
a normalized cross correlation (cc) algorithm or other suitable algorithms. The tracking can be realized by applying a cc
algorithm to either adjacent frames continuously, or every frame and the frame in which the wall of the vessel is segmented
based on the selected blood flow regions. The cc algorithm can be applied to the whole region of interest, or alternatively
to a region which contains the vessel boundary. The latter is more computationally efficient than the former. With the
movement of both walls of the vessel, the vessel diameter is updated in real time based on the value that was measured
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in the earlier step.

[0060] FIG.5 illustrates an exemplary B-mode image overlaid with the tracked vessel boundaries and the diameter of
the vessel. In FIG.5, the two rectangular boxes 520 illustrate the tracked upper and lower wall of the IVC, and the derived
IVC diameter in this B-mode data frame is also presented (see 510).

[0061] In some embodiments, the steps 320 to 340 can be performed during a continuous acquisition of the sequence
of B-mode data frames, and once the vessel is segmented in at least one B-mode data frame, the tracked vessel walls
and/or the derived vessel features can be presented in real time during the acquisition of the ultrasound sequence.
[0062] In case thatthe vesselis the inferior vena cava, the feature deriving unit 230 can be further configured to derive
the caval index from the derived vessel diameters. In an example, the caval index can be calculated as (the maximum
of the IVC diameter - the minimum of the IVC diameter) / the maximum of the IVC diameter * 100, and in another example,
if provided with the respiration information, the caval index can be calculated as (IVC expiratory diameter - IVC inspiratory
diameter) / IVC expiratory diameter * 100.

[0063] Additionally or alternatively, the feature deriving unit 230 can be configured to detect the collapse of the vessel
such as IVC. The collapse of the vessel can be detected in various manners in accordance with various embodiments.
[0064] In an embodiment, the vessel is detected to be collapsed if the movement of the boundaries of the vessel in a
pair of adjacent frames is detected to be greater than a first predetermined threshold, such as two times of the vessel
diameter, which actually indicates the tracking of the movements of the boundaries of the vessel become failed. Taking
an IVC as an exemplary vessel, Table 1 illustrates the tracked movement of the upper wall of the longitudinal cross
section of the vessel in an experiment. In case that the IVC is not collapsed, the boundary of the IVC can be tracked to
continuously move with respiration. Once the IVC is fully collapsed, the boundaries of the IVC become vanish or indis-
tinguishable, and thus the tracking results become random and chaotic, resulting in that the tracked movement of the
vessel boundaries is much greater than the normal range.

Table 1: Movement of the upper wall in vertical direction before and after collapse in a series of continuous frames
(Pig 05 at Hypo-10%)

Before collapse After collapse
Frame No. 80 81 82 83 84 85 86 87 88
Movement of upper 0 0.02 -0.01 0.01 0.5 2.32 3.62 4.81 3.94
wall [cm]

[0065] In another embodiment, the vessel is detected to be collapsed if the derived size of the vessel, such as the
diameter of the vessel, is detected to be decreasing and approaching zero in the past several frames. In an example,
the vessel is detected to be collapsed if the derived size of the vessel is smaller than a second predetermined threshold.
In another example, the vessel is detected to be collapsed if the tracked movement of the vessel boundaries between
the current frame and the previous frame become larger than the first predetermined threshold and the size of the vessel
in past several frames is decreasing.

[0066] Prior to the feature derivation, the landmark identifying unit 240 can identify a landmark in the at least one B-
mode data frame, and then the vessel feature deriving unit 230 is configured to derive the feature based on the identified
landmark. The landmark can be used to determine a suitable portion of the vessel for tracking and deriving the feature.
In case that the vessel is the IVC, the landmark can be the hepatic vein, right atrium and/or diaphragm. For example,
the IVC walls located at 2 cm from the position where the IVC attaches to the right atrium is a suitable portion of the
vessel for deriving the feature.

[0067] FIG.6 illustrates an exemplary B-mode image overlaid with the identified hepatic vein 610 as landmark. In this
example, a Doppler data frame is used to identify the hepatic veins. Sometimes, the hepatic vein may be impaired by
other veins or the aorta. Alternatively or additionally, the identification of the hepatic vein can be achieved by using
intrinsic characteristics of the hepatic vein, including pulsation pattern, fluid pattern, absence of wall echogenicity, etc.
In addition, the hepatic vein in conjunction with the IVC can be further identified by identifying the IVC first and then
searching along the IVC. In FIG.6, the IVC 620 and the hepatic vein 610 as well as their conjunction are clearly illustrated.
[0068] FIG.7(a) and FIG.7(b) illustrate the detection of the conjunction of right atrium and IVC as landmark. In this
example, the boundary of the right atrium is identified using a cross correlation algorithm. The heuristic is that echoes
from blood in the right atrium are non-stationary in the sense that the scatters in the tissue are in constant motion. Hence,
if a cross correlation is performed between two frames of data, regions of blood show a low correlation, or a speckle-
like variation of correlation. Such a pattern is absent in normal tissue. FIG.7(a) is a B-mode image of a B-mode data
frame; FIG. 7(b) is a binary image derived by applying a threshold to the cc map of two B-mode data frames. The
identified conjunction 710 of the right atrium/diaphragm and the IVC is also illustrated in FIG. 7(b). The identification of
the conjunction 710 of the right atrium/diaphragm and the IVC can be achieved in various ways. For example, it can be
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achieved by first searching the upper wall edge of the IVC in both lateral directions. When a significant change in the
direction or angles of the edge occurs at a certain position, such a position is detected as the joint point of the right
atrium and the IVC..

[0069] In accordance with an embodiment of the present invention, the respiration identifying unit 260 is configured
to identify a respiration cycle of the subject, and the vessel feature deriving unit is configured to derive the feature based
on the identified respiration cycle. For example, the inspiratory IVC diameter, the expiratory diameter, and/or the caval
index can be derived using the identified respiration cycle.

[0070] In some embodiments, the respiration identifying unit 260 can be configured to identify the respiration cycle
based on a respiration signal received from an additional sensor or extracted from tracking tissue/liver movements.
[0071] In some other embodiments, the vessel segmenting unit is configured to segment the vessels in each of a
plurality of data frames of the sequence of ultrasound B-mode data frames; and the respiration identifying unitis configured
to identify a respiration cycle of the subject based on the segmented vessels in the plurality of data frames. For example,
the respiration cycle can be identified based on the features derived from the segmented vessels, such as vessel
diameters, or the change of the position of the vessel wall.

[0072] FIG.8(a) illustrates an exemplary B-mode image overlaid with the tracked IVC boundaries, FIG.8(b) illustrates
the change of the IVC’s diameter, in unit of cm, over time in unit of second.

[0073] FIG.9(a) illustrates an exemplary B-mode image overlaid with the tracked IVC’s upper boundary, FIG.9(b)
illustrates the change of the position of the IVC’s upper boundary, in unit of cm, over time in unit of second; and
[0074] FIG.10(a) illustrates an exemplary B-mode image overlaid with the tracked liver tissue, FIG.10(b) illustrates
the change of the position of the liver tissue, in unit of cm, over time in unit of second.

[0075] From FIG.8(b), FIG.9(b), FIG.9(c), it can be shown that a respiration cycle can be derived from the change of
the IVC diameter, the movement of the IVC boundary or the movement of the liver tissue.

[0076] The technique processes described herein may be implemented by various means. For example, these tech-
niques may be implemented in hardware, software, or a combination thereof. For a hardware implementation, the
processing units may be implemented within one or more application specific integrated circuits (ASICs), digital signal
processors (DSPs), digital signal processing devices (DSPDs), programmable logic devices (PLDs), field programmable
gate arrays (FPGAs), processors, controllers, microcontrollers, microprocessors, other electronic units designed to
perform the functions described herein, or a combination thereof. With software, implementation can be through modules
(e.g., procedures, functions, and so on) that perform the functions described herein. The software codes may be stored
in a memory unit and executed by the processors.

[0077] Moreover, aspects of the claimed subject matter may be implemented as a method, apparatus, system, or
article of manufacture using standard programming and/or engineering techniques to produce software, firmware, hard-
ware, or any combination thereof to control a computer or computing components to implement various aspects of the
claimed subject matter. The term "article of manufacture" as used herein is intended to encompass a computer program
accessible from any computer-readable device, carrier, or media. For example, computer readable media can include
but are not limited to magnetic storage devices (e.g., hard disk, floppy disk, magnetic strips...), optical disks (e.g., compact
disk (CD), digital versatile disk (DVD)...), smart cards, and flash memory devices (e.g., card, stick, key drive...). Of course,
those skilled in the art will recognize that many modifications may be made to this configuration without departing from
the scope or spirit of what is described herein.

[0078] As used in this application, the term "unit" such as "blood flow region selecting unit", "vessel segmenting unit",
"vessel feature deriving unit", "landmark identifying unit", "respiration identifying unit" are intended to refer to a processor
or acomputer-related entity, either hardware, a combination of hardware and software, software, or software in execution.
For example, a component may be, but is not limited to, a process running on a processor, a processor, an object, an
executable, a thread of execution, a program, and/or a computer. By way of illustration, both an application running on
a server and the server can be a component. One or more components may reside within a process and/or thread of
execution and a component may be localized on one computer and/or distributed among two or more computers.

Claims
1. An ultrasound system for identifying a vessel of a subject, comprising:

an ultrasound probe (10) configured to simultaneously acquire a sequence of ultrasound blood flow data frames
and a sequence of ultrasound B-mode data frames of a region of interest including the vessel over a predeter-
mined time period;

a blood flow region selecting unit (210) configured to detect a blood flow region in each frame of multiple frames
in the sequence of ultrasound blood flow data frame, and to select a blood flow region among the detected
blood flow regions; and
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a vessel segmenting unit (220) configured to segment the vessel in at least one frame of the sequence of
ultrasound B-mode data frames based on the selected blood flow region, the at least one frame comprising the
ultrasound B-mode data frame temporally corresponding to the ultrasound blood flow data frame in which the
selected blood flow region is detected.

The ultrasound system of Claim 1, wherein the blood flow region selecting unit is further configured to determine a
size for the detected blood flow, and to select the blood flow region based on the determined sizes.

The ultrasound system of Claim 2, wherein the size of the selected blood flow region is the largest size among the
detected blood flow regions.

The ultrasound system of Claim 1 or 2, wherein the vessel segmenting unit is further configured to segment the
vessel in at least one other frame of the sequence of B-mode data frames by means of tracking the vessel based
on the segmented vessel in the at least one frame.

The ultrasound system of Claim 1, further comprising a vessel feature deriving unit (230) configured to derive a
feature indicating a transverse size of the segmented vessel in each of the at least one B-mode data frame.

The ultrasound system of Claim 5, further comprising a landmark identifying unit (240), wherein
the landmark identifying unit is configured to identify a landmark in the at least one B-mode data frame; and
the vessel feature deriving unit is configured to derive the feature based on the identified landmark.

The ultrasound system of Claim 5, further comprising a respiration identifying unit (260), wherein
the respiration identifying unit is configured to identify a respiration cycle of the subject; and
the vessel feature deriving unit is configured to derive the feature based on the identified respiration cycle.

The ultrasound system of Claim 7, wherein

the vessel segmenting unit is configured to segment the vessel in each of a plurality of data frames of the sequence
of ultrasound B-mode data frames; and

the respiration identifying unit is configured to identify a respiration cycle of the subject based on the segmented
vessels in the plurality of data frames.

The ultrasound system of Claim 1, the ultrasound blood flow data frame is an ultrasound Doppler data frame.
The ultrasound system of Claim 1, wherein the vessel is an inferior vena cava.

The ultrasound system of Claim 1, the region of interest is two-dimensional and comprises a longitudinal cross
section of the vessel.

A method of identifying a vessel of a subject from a sequence of ultrasound blood flow data frames and a sequence
of ultrasound B-mode data frames of a region of interest including the vessel which are simultaneously acquired
over a predetermined time period, comprising steps of:

detecting (320) a blood flow region in each frame of multiple frames in the sequence of ultrasound blood flow
data frame and selecting (320) a blood flow region among the detected blood flow regions; and

segmenting (330) the vessel in at least one frame of the sequence of ultrasound B-mode data frames based
onthe selected blood flow region, the at least one frame comprising the ultrasound B-mode data frame temporally
corresponding to the ultrasound blood flow data frame in which the selected blood flow region is detected.

The method of Claim 12, further comprising a step of simultaneously acquiring (310) the sequence of ultrasound
blood flow data frames and the sequence of ultrasound B-mode data frames of the region of interest including the
vessel over the predetermined time period.

A first apparatus (200) for identifying a vessel of a subject, the first apparatus adapted to be connected to one or
more second apparatus for providing a sequence of ultrasound blood flow data frames and a sequence of ultrasound
B-mode data frames of a region of interest including the vessel which are simultaneously acquired over a predeter-
mined time period, the first apparatus comprising:

10



20

25

30

35

40

45

50

55

EP 3 277 188 B1

a blood flow region selecting unit configured to detect a blood flow region in each frame of multiple frames in
the sequence of ultrasound blood flow data frame and to select a blood flow region among the detected blood
flow regions; and

a vessel segmenting unit configured to segment the vessel in at least one frame of the sequence of ultrasound
B-mode data frames based on the selected blood flow region, the at least one frame comprising the ultrasound
B-mode data frame temporally corresponding to the ultrasound blood flow data frame in which the selected
blood flow region is detected.

15. A computer product, comprising computer program instructions which, when being executed, performs the method

of Claim 12.

Patentanspriiche

Ultraschallsystem zum Erkennen eines GefélRes eines Subjekts, umfassend:

eine Ultraschallsonde (10), die konfiguriert ist, um gleichzeitig eine Abfolge von Ultraschall-Blutstrémungs-
Datenrahmen und eine Abfolge von Ultraschall-B-Mode-Datenrahmen einer interessierenden Region, die das
Gefal einschlielt, lber eine vorgegebene Zeitdauer zu erfassen;

eine Blutstrdmungsregion-Auswahleinheit (210), die konfiguriert ist, um eine Blutstromungsregion in jedem
Rahmen der Vielzahl von Rahmen in der Abfolge der Ultraschall-Blutstromungs-Datenrahmen zu detektieren
und um eine Blutstrémungsregion unter den detektierten Blutstromungsregionen auszuwahlen; und

eine GefalRsegmentierungseinheit (220), die konfiguriert ist, um das Gefal} in mindestens einem Rahmen der
Abfolge von Ultraschall-B-Mode-Datenrahmen basierend auf der ausgewahlten Blutstrémungsregion zu seg-
mentieren, wobei der mindestens eine Rahmen den Ultraschall-B-Mode-Datenrahmen umfasst, der temporar
dem Ultraschall-Blutstrémungs-Datenrahmen entspricht, in dem die ausgewahlte Blutstromungsregion detek-
tiert wird.

Ultraschallsystem nach Anspruch 1, wobei die Blutstrdmungsregion-Auswahleinheit ferner konfiguriert ist, um eine
GroRe fir die detektierte Blutstrémung zu bestimmen und um die Blutstrémungsregion basierend auf den bestimmten
GroRen auszuwahlen.

Ultraschallsystem nach Anspruch 2, wobei die Grof3e der ausgewahlten Blutstromungsregion die grofite GroRe
unter den detektierten Blutstromungsregionen ist.

Ultraschallsystem nach Anspruch 1 oder 2, wobei die GefalRsegmentierungseinheit ferner konfiguriert ist, um das
Gefal in mindestens einem anderen Rahmen der Abfolge von B-Mode-Datenrahmen zu segmentieren, indem das
Gefal basierend auf dem segmentierten Gefal} in dem mindestens einen Rahmen verfolgt wird.

Ultraschallsystem nach Anspruch 1, ferner umfassend eine GefaBmerkmal-Ableitungseinheit (230), die konfiguriert
ist, um ein Merkmal abzuleiten, das eine transversale Grofie des segmentierten GeféRes in jedem von dem min-
destens einen B-Mode-Datenrahmen angibt.

Ultraschallsystem nach Anspruch 5, ferner umfassend eine Orientierungspunkt-Erkennungseinheit (240), wobei
die Orientierungspunkt-Erkennungseinheit konfiguriert ist, um einen Orientierungspunkt in dem mindestens einen
B-Mode-Datenrahmen zu erkennen; und

die GefaBmerkmal-Ableitungseinheit konfiguriert ist, um das Merkmal basierend auf dem erkannten Orientierungs-
punkt abzuleiten.

Ultraschallsystem nach Anspruch 5, ferner umfassend eine Atmungserkennungseinheit (260), wobei

die Atmungserkennungseinheit konfiguriert ist, um einen Atemzyklus des Subjekts zu erkennen; und

die GefaBmerkmal-Ableitungseinheit konfiguriert ist, um das Merkmal basierend auf dem erkannten Atemzyklus
abzuleiten.

Ultraschallsystem nach Anspruch 7, wobei

die GefalRsegmentierungseinheit konfiguriert ist, um das Gefal in jedem von einer Vielzahl von Datenrahmen der
Abfolge von Ultraschall-B-Mode-Datenrahmen zu segmentieren; und

die Atmungserkennungseinheit konfiguriertist, um einen Atemzyklus des Subjekts basierend auf den segmentierten
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Gefalen in der Vielzahl von Datenrahmen zu erkennen.

Ultraschallsystem nach Anspruch 1, wobei der Ultraschall-Blutstrémungs-Datenrahmen ein Ultraschall-Doppler-
Datenrahmen ist.

Ultraschallsystem nach Anspruch 1, wobei das Gefal} eine untere Hohlvene ist.

Ultraschallsystem nach Anspruch 1, wobei die interessierende Region zweidimensional ist und einen Langsschnitt
des GefaRes umfasst.

Verfahren zum Erkennen eines Gefalles eines Subjekts anhand einer Abfolge von Ultraschall-Blutstrdomungs-Da-
tenrahmen und einer Abfolge von Ultraschall-B-Mode-Datenrahmen einer interessierenden Region, die das Gefal
einschlief3t, welche gleichzeitig liber eine vorgegebene Zeitdauer erfasst werden, umfassend die folgenden Schritte:

Detektieren (320) einer Blutstrdomungsregion in jedem Rahmen der Vielzahl von Rahmen in der Abfolge der
Ultraschall-Blutstrémungs-Datenrahmen und Auswahlen (320) einer Blutstrdmungsregion unter den detektier-
ten Blutstrémungsregionen; und

Segmentieren (330) des Gefalles in mindestens einem Rahmen der Abfolge von Ultraschall-B-Mode-Daten-
rahmen basierend auf der ausgewahlten Blutstromungsregion, wobei der mindestens eine Rahmen den Ultra-
schall-B-Mode-Datenrahmen umfasst, der temporar dem Ultraschall-Blutstromungs-Datenrahmen entspricht,
in dem die ausgewahlte Blutstromungsregion detektiert wird.

Verfahren nach Anspruch 12, ferner umfassend einen Schritt des gleichzeitigen Erfassens (310) der Abfolge von
Ultraschall-Blutstrémungs-Datenrahmen und der Abfolge von Ultraschall-B-Mode-Datenrahmen der interessieren-
den Region, die das Gefal} einschliefl’t, Uber eine vorgegebene Zeitdauer.

Erstes Gerat (200) zum Erkennen eines Gefalles eines Subjekts, wobei das erste Gerat dafir eingerichtet ist, mit
einem oder mehreren zweiten Geraten verbunden zu werden, um eine Abfolge von Ultraschall-Blutstrémungs-
Datenrahmen und eine Abfolge von Ultraschall-B-Mode-Datenrahmen einerinteressierenden Region, die das Gefafly
einschlief3t, welche gleichzeitig Gber eine vorgegebene Zeitdauer erfasst werden, bereitzustellen, wobei das erste
Gerét Folgendes umfasst:

eine Blutstromungsregion-Auswahleinheit, die konfiguriert ist, um eine Blutstrdmungsregion in jedem Rahmen
der Vielzahl von Rahmen in der Abfolge der Ultraschall-Blutstrémungs-Datenrahmen zu detektieren und um
eine Blutstrémungsregion unter den detektierten Blutstrémungsregionen auszuwahlen; und

eine GefalRsegmentierungseinheit, die konfiguriert ist, um das Gefal in mindestens einem Rahmen der Abfolge
von Ultraschall-B-Mode-Datenrahmen basierend auf der ausgewahlten Blutstromungsregion zu segmentieren,
wobei der mindestens eine Rahmen den Ultraschall-B-Mode-Datenrahmen umfasst, der temporar dem Ultra-
schall-Blutstromungs-Datenrahmen entspricht, in dem die ausgewahlte Blutstromungsregion detektiert wird.

Computerprodukt, umfassend Computerprogrammanweisungen, die, wenn sie ausgefiihrt werden, das Verfahren
nach Anspruch 12 durchflihren.

Revendications

1.

Systeme a ultrasons pour identifier un vaisseau d’un sujet, comprenant :

une sonde a ultrasons (10) configurée pour acquérir simultanément une séquence de trames de données
ultrasonores d’écoulement de sang et une séquence de trames de données ultrasonores en mode B d'une
région d’intérét incluant le vaisseau sur une période temporelle prédéterminée ;

une unité de sélection d’'une région d’écoulement de sang (210) configurée pour détecter une région d’écoule-
ment de sang dans chaque trame parmi des multiples trames dans la séquence de trame de données ultraso-
nores d’écoulement de sang, et pour sélectionner une région d’écoulement de sang parmi les régions d’écou-
lement de sang détectées ; et

une unité de segmentation de vaisseau (220) configurée pour segmenter le vaisseau dans au moins une trame
de la séquence de trames de données ultrasonores en mode B sur la base de la région d’écoulement de sang
sélectionnée, I'au moins une trame comprenant la trame de données ultrasonores en mode B correspondant

12



10

15

20

25

30

35

40

45

50

55

10.

11.

12.

13.

EP 3 277 188 B1

temporellement a la trame de données ultrasonores d’écoulement de sang dans laquelle la région d’écoulement
de sang sélectionnée est détectée.

Systeme a ultrasons selon la revendication 1, dans lequel 'unité de sélection de la région d’écoulement de sang
est en outre configurée pour déterminer une dimension pour I'écoulement de sang détecté, et pour sélectionner la
région d’écoulement de sang sur la base des dimensions déterminées.

Systeme a ultrasons selon la revendication 2, dans lequel la dimension de la région d’écoulement de sang sélec-
tionnée est la dimension la plus grande parmi les régions d’écoulement de sang détectées.

Systeme a ultrasons selon la revendication 1 ou 2, dans lequel l'unité de segmentation de vaisseau est en outre
configurée pour segmenter le vaisseau dans au moins une autre trame de la séquence de trames de données en
mode B au moyen d’un suivi du vaisseau sur la base du vaisseau segmenté dans I'au moins une trame.

Systeme a ultrasons selon la revendication 1, comprenant en outre une unité de déduction d’'une caractéristique
de vaisseau (230) configurée pour déduire une caractéristique indiquant une dimension transversale du vaisseau
segmenté dans chacune de I'au moins une trame de données en mode B.

Systeme a ultrasons selon la revendication 5, comprenant en outre une unité d’identification de repére (240), dans
lequel

I'unité d’identification de repére est configurée pour identifier un repere dans I'au moins une trame de données en
mode B ; et

I'unité de déduction d’'une caractéristique de vaisseau est configurée pour déduire la caractéristique sur la base du
repére identifié.

Systeme a ultrasons selon la revendication 5, comprenant en outre une unité d’identification d’'une respiration (260),
dans lequel

I'unité d’identification d’'une respiration est configurée pour identifier un cycle de respiration du sujet ; et

I'unité de déduction d’'une caractéristique de vaisseau est configurée pour déduire la caractéristique sur la base du
cycle de respiration identifié.

Systeme a ultrasons selon la revendication 7, dans lequel

'unité de segmentation de vaisseau est configurée pour segmenter le vaisseau dans chacune de la pluralité des
trames de la séquence de trames de connées ultrasonores en mode B ; et

I'unité d’identification d’'une respiration est configurée pour identifier un cycle de respiration du sujet sur la base des
vaisseaux segmentés dans la pluralité de trames de données.

Systeme a ultrasons selon la revendication 1, la trame de données ultrasonores d’écoulement de sang étant une
trame de données ultrasonores Doppler.

Systeme a ultrasons selon la revendication 1, dans lequel le vaisseau est une vaine cave inférieure.

Systeme a ultrasons selon la revendication 1, la région d’intérét étant bidimensionnelle et comprenant une section
transversale longitudinale dans le vaisseau.

Procédé d’identification d’'un vaisseau d’'un sujet a partir d’'une séquence de trames de données ultrasonores d’écou-
lement de sang et d’'une séquence de trames de données ultrasonores en mode B d’une région d’intérét incluant
le vaisseau, qui sont acquises simultanément sur une période temporelle prédéterminée, comprenant les étapes de :

détection (320) d’une région d’écoulement de sang dans chaque trame parmi de multiples trames dans la
séquence de trame de données ultrasonores d’écoulement de sang et de sélection (320) d’une région d’écou-
lement de sang parmi les régions d’écoulement de sang détectées ; et

segmentation (330) du vaisseau en au moins une trame de la séquence de trames de données ultrasonores
en mode B sur la base de la région d’écoulement de sang sélectionnée, 'au moins une trame comprenant la
trame de données ultrasonore en mode B correspondant temporellement a la trame de donnée ultrasonores
d’écoulement de sang dans laquelle la région d’écoulement de sang sélectionnée est détectée.

Procédé selon la revendication 12, comprenant en outre une étape d’acquisition simultanée (310) de la séquence
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de trames de données ultrasonores d’écoulement de sang et de la séquence de trames de données ultrasonores
en mode B de la région d’intérét incluant le vaisseau sur la période temporelle prédéterminée.

14. Premier appareil (200) d’identification d’'un vaisseau d’un sujet, le premier appareil étant adapté pour étre raccordé
5 aun ou plusieurs second(s) appareil(s) pour fournir une séquence de trames de données ultrasonores d’écoulement
de sang et une séquence de trames de données ultrasonores en mode B d’une région d’intérét incluant le vaisseau

qui sont simultanément acquises sur une période temporelle prédéterminée, le premier appareil comprenant :

une unité de sélection d’'une région d’écoulement de sang configurée pour détecter une région d’écoulement
10 de sang dans chaque trame parmi de multiples trames dans la séquence de trame de données ultrasonores
d’écoulement de sang et pour sélectionner une région d’écoulement de sang parmi les régions d’écoulement
de sang détectées ; et
une unité de segmentation de vaisseau configurée pour segmenter le vaisseau dans au moins une trame de
la séquence de trames de données ultrasonores en mode B sur la base de la région d’écoulement de sang
15 sélectionnée, I'au moins une trame comprenant la trame de données ultrasonores en mode B correspondant
temporellement a la trame de données ultrasonores d’écoulement de sang dans laquelle la région d’écoulement
de sang sélectionnée est détectée.

15. Produit informatique, comprenant des instructions de programme informatique qui, lorsqu’il est exécuté, réalise le
20 procédé selon la revendication 12.
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