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ULTRASOUND SYSTEM AND METHOD OF
VESSEL IDENTIFICATION

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 mea-
surements.

BACKGROUND OF THE INVENTION

[0002] Measurements of the diameter of the inferior vena
cava (IVC) and its respirophasic variations, called Caval
index (CI), 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 ultra-
sound 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, bones
or 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 an
improved 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 predeter-
mined 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 identi-
fication, 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 seg-
mentation can be achieved. In other words, the selected
blood flow region detected in data frames in a certain
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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 seg-
mentation 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. Prefer-
ably, 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 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 sub-
stantially held steady or stationary so as to acquire ultra-
sound 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
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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 trans-
verse 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 informa-
tion 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 seg-
mented 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 indicat-
ing a transverse size of the segmented vessel in the at least
one B-mode data frame. The derived feature can be diam-
eter, transverse cross-section area and other suitable fea-
tures.

[0019] In accordance with an embodiment of the present
invention, the ultrasound system further comprises a land-
mark 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 fur-
ther 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
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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] Insome 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 unit is 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 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 present invention, 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 corresponding to the ultrasound blood flow data
frame in which the selected blood flow region is detected.
[0028] Inaccordance 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
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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 predeter-
mined 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] Other objects and advantages of the present inven-
tion will become more apparent and can be easily under-
stood 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
embodiments and with reference to the drawings, wherein:
[0033] FIG. 1 illustrates in a block diagram form an
ultrasound imaging system constructed in accordance with
an embodiment of the present invention;

[0034] 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;

[0035] 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;

[0036] 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 FI1G. 4(d) respectively correspond to
inspiration and expiration;

[0037] FIG. 5 illustrates an exemplary B-mode image
overlaid with the tracked vessel boundaries and the diameter
of the vessel;

[0038] FIG. 6 illustrates an exemplary B-mode image
overlaid with the identified hepatic vein as landmark;
[0039] FIG. 7(a) to FIG. 7(b) illustrate the detection of the
conjunction of right atrium and IVC as landmark;

[0040] 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;

[0041] FIG. 9(a) illustrates an exemplary B-mode image
overlaid with the tracked vessel’s upper boundary, FIG. 9(4)
illustrates the change of the position of the vessel’s upper
boundary, in unit of ecm, over time in unit of second; and
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[0042] FIG. 10(a) illustrates an exemplary B-mode image
overlaid with the tracked liver tissue, FIG. 10(5) illustrates
the change of the position of the liver tissue, in unit of cm,
over time in unit of second.

[0043] The same reference signs in the figures indicate
similar or corresponding features and/or functionalities.

DETAILED DESCRIPTION

[0044] 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 non-limiting. In the
drawings, the size of some of the elements may be exag-
gerated and not drawn to scale for illustrative purposes.
[0045] 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 U.S. Pat. No. 5,997,479 (Savord et al.), U.S.
Pat. No. 6,013,032 (Savord), and U.S. Pat. No. 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 microbeamformer is 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 micro-
beamformer by the T/R switch and the main system beam-
former 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.

[0046] 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 beam-
former 20 may have 128 channels, each of which receives a
partially beamformed signal from a patch of dozens or
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hundreds of CMUT transducer cells or piezoelectric ele-
ments. In this way the signals received by thousands of
transducer elements of a transducer array can contribute
efficiently to a single beamformed signal.

[0047] The beamformed 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, I and Q component separation, and
harmonic signal separation which acts to separate linear and
nonlinear signals so as to enable the identification of non-
linear (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.

[0048] 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 U.S. Pat. No.
6,283,919 (Roundhill et al.) and U.S. Pat. No. 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 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.
[0049] 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.

[0050] Alternative or additional to being used for imaging,
the blood flow values produced by the Doppler processor 28
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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 point in 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.

[0051] 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.
[0052] In accordance with an embodiment of the present
invention, the ultrasound probe 10 is configured to simul-
taneously 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 quantifi-
cation 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.

[0053] FIG. 2 illustrates 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 appara-
tus for providing simultaneously acquired sequence of ultra-
sound 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 ultra-
sound data, for example in DICOM format or in any other
suitable format like RF signal format.

[0054] Referring to FIG. 2, the first apparatus 200 com-
prise 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 respi-
ration identifying unit 260.

[0055] 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.

[0056] In step 310, the ultrasound probe 10 simultane-
ously 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.

[0057] 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
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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.

[0058] 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.

[0059] 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 res-
piration phases, wherein FIG. 4(a) and FIG. 4(d) respec-
tively 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.

[0060] 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 TVC 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).

[0061] In step 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 ultra-
sound 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.

[0062] 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.
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[0063] 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.

[0064] In some embodiments, one or more pixels, such as
the centroid, in the selected blood flow region, are used as
seeds for segmentation.

[0065] In some embodiments, the vessel segmenting unit
is 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.

[0066] 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 boundaries. 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.

[0067] 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.

[0068] In step 340, the vessel feature deriving unit 230
derives a feature indicating a transverse size of the seg-
mented 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
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derived feature fulfills a pre-determined criterion, which
could be particularly advantageous for monitoring purposes.

[0069] 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 suit-
able 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 in the earlier step.

[0070] 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).

[0071] 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.

[0072] In case that the vessel is 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.

[0073] 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.

[0074] 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 move-
ments 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
indistinguishable, 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.
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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%)

After collapse
Frame No.

Before collapse

80 81 82 83 84 85 86 87 88

Movement 0 0.02 -0.01 001 05 232 362 481 394
of upper

wall [em]

[0075] 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.

[0076] Prior to the feature derivation, the landmark iden-
tifying 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.

[0077] 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 pul-
sation 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.

[0078] 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(4) 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
achieved by first searching the upper wall edge of the IVC
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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.

[0079] 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 inspira-
tory IVC diameter, the expiratory diameter, and/or the caval
index can be derived using the identified respiration cycle.
[0080] 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.
[0081] Insome 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 unit is
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.
[0082] FIG. 8(a) illustrates an exemplary B-mode image
overlaid with the tracked IVC boundaries, FIG. 8(5) illus-
trates the change of the IVC’s diameter, in unit of cm, over
time in unit of second.

[0083] FIG. 9(a) illustrates an exemplary B-mode image
overlaid with the tracked TVC’s upper boundary, FIG. 9(4)
illustrates the change of the position of the IVC’s upper
boundary, in unit of cm, over time in unit of second; and
[0084] 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.

[0085] 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.

[0086] 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 sig-
nal processors (DSPs), digital signal processing devices
(DSPDs), programmable logic devices (PLDs), field pro-
grammable gate arrays (FPGAs), processors, controllers,
micro-controllers, 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.

[0087] 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
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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.

[0088] 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 a computer-related entity, either hardware, a
combination of hardware and software, software, or soft-
ware 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 applica-
tion 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 com-
puters.

[0089] What has been described above includes examples
of one or more embodiments. It is, of course, not possible to
describe every conceivable combination of components or
methodologies for the purpose of describing the aforemen-
tioned embodiments, but one of ordinary skill in the art may
recognize that many further combinations and permutations
of various embodiments are possible. Accordingly, the
described embodiments are intended to embrace all such
alterations, modifications and variations that fall within the
spirit and scope of the appended claims. Furthermore, to the
extent that the term “includes” is used in either the detailed
description or the claims, such term is intended to be
inclusive in a manner similar to the term “comprising” as
“comprising” is interpreted when employed as a transitional
word in a claim.

1. An ultrasound system for identifying a vessel of a

subject, comprising:

an ultrasound probe 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 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
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.

2. 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.
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3. 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.

4. The ultrasound system of claim 1, 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 seg-
mented vessel in the at least one frame.

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

6. The ultrasound system of claim 3, further comprising 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.

7. The ultrasound system of claim 5, further comprising 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.

8. 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.

9. The ultrasound system of claim 1, the ultrasound blood
flow data frame is an ultrasound Doppler data frame.

10. The ultrasound system of claim 1, wherein the vessel
is an inferior vena cava.

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

12. 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

Jan. 18, 2018

interest including the vessel which are simultaneously
acquired over a predetermined time period, comprising steps
of:

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 tempo-
rally corresponding to the ultrasound blood flow data
frame in which the selected blood flow region is
detected.

13. The method of claim 12, further comprising a step of
simultaneously acquiring 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.

14. A first apparatus for identifying a vessel of a subject,
the first apparatus being connectable 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 predetermined time period,
the first apparatus comprising:

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.
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