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7 ABSTRACT

A system and method for ultrasound imaging includes acquir-

GENERAL ELECTRIC ing volumetric data of a volume of interest with an ultrasound
COMPANY, Schenectady, NY imaging system. The system and method includes acquiring
Us) planar data with the ultrasound imaging system during the
process of acquiring the volumetric data, the planar data
including data of a plane through the volume of interest. The
12/941,367 system and method includes displaying a reference image
based on the planar data during the process of acquiring the
volumetric data. The system and method also includes dis-
Nov. 8, 2010 playing an image based on the volumetric data.
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SYSTEM AND METHOD FOR ULTRASOUND
IMAGING

FIELD OF THE INVENTION

[0001] This disclosure relates generally to a system and
method for ultrasound imaging. The system and method
includes displaying a reference image based on planar data
during the process of acquiring volumetric data.

BACKGROUND OF THE INVENTION

[0002] A conventional ultrasound imaging system com-
prises an array of ultrasonic transducer elements for transmit-
ting an ultrasound beam and receiving a reflected beam from
an object being studied. By selecting the time delay (or phase)
and amplitude of the applied voltages, the individual trans-
ducer elements can be controlled to produce ultrasonic waves
which combine to form a net ultrasonic wave that travels
along a preferred vector direction and is focused at a selected
point along the beam. Conventional ultrasound imaging sys-
tems may also use other focusing strategies. For example, the
ultrasound imaging system may control the transducer ele-
ments to emit a plane wave. Multiple firings may be used to
acquire data representing the same anatomical information.
The beamforming parameters of each of the firings may be
varied to provide a change in maximum focus or otherwise
change the content of the received data for each firing, e.g., by
transmitting successive beams with the focal point of each
beam being shifted relative to the focal point of the previous
beam. By changing the time delay (or phase) of the applied
pulses, the beam with its focal point can be moved to scan the
object.

[0003] The same principles apply when the transducer
array is employed to receive the reflected sound energy. The
voltages produced at the receiving elements are summed so
that the net signal is indicative of the ultrasound reflected
from a single focal point in the object. As with the transmis-
sion mode, this focused reception of the ultrasonic energy is
achieved by imparting a separate delay and gain to the signal
from each receiving element. For receive beam-forming, this
is done in a dynamic manner in order to focus appropriately
for the depth range in question.

[0004] Many conventional ultrasound imaging systems
that are capable of acquiring 4D ultrasound data have
included a two-dimensional transducer array (hereinafter a
2D transducer array). For purposes of this disclosure, a 2D
transducer array is defined to include atransducer array where
the center points of the transducer elements form a two-
dimensional pattern. The two-dimensional pattern may fol-
low a curved surface according to some embodiments. The
transducer elements may be dimensionally generally similar
in both length and width in a 2D transducer array, or have
other aspect ratios. Additionally, a 2D transducer array has
electronic focusing and steering. The 2D transducer array
typically comprises a number of transducer elements
arranged in a grid; the grid may have a square, rectangular,
hexagonal, or other basis. By controlling the timing and
amplitude of the elements in the 2D transducer array, it is
possible to steer the transmitted ultrasound beam simulta-
neously in both an azimuth direction and in an elevation
direction. The beam control can of course be derived in any
chosen coordinate system. The use of a 2D transducer array
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allows the ultrasound transducer or probe to have greater
flexibility and it enables greater accuracy in the acquisition of
volumetric data.

[0005] During acquisition of volumetric ultrasound data it
is often a challenge to get both sufficient frame rate and lateral
resolution for the desired volume of interest. A common way
to improve frame rate and/or lateral resolution is to acquire
the entire volume as a set of sub-volumes. The acquisition of
the sub-volumes may be gated to a physiological signal, such
as an ECG signal. Acquiring gated volumetric ultrasound data
ofapatient’s heart has two key challenges. The first challenge
is that since it may take multiple heart cycles to acquire a
complete volume of data, the display may show inconsistent
data when the operator moves the probe in search of the
correct view and good access. As the operator moves the
probe, the image shown on the display may be generated from
sub-volumes that were acquired at a previous probe position.
In other words, the image on the display may not accurately
reflect the real-time position of the probe. This may make it
difficult for the operator to know if the new probe position is
an improvement over one or more older probe positions. The
second challenge is that if the probe and/or the heart move
with respect to each other over several cardiac cycles, the
ultrasound data may become prone to artifacts.

[0006] Forthese and other reasons an improved system and
method of volumetric ultrasound imaging is desired.

BRIEF DESCRIPTION OF THE INVENTION

[0007] The above-mentioned shortcomings, disadvantages
and problems are addressed herein which will be understood
by reading and understanding the following specification.
[0008] Inanembodiment, a method of ultrasound imaging
includes acquiring volumetric data of a volume of interest
with an ultrasound imaging system. The method includes
acquiring planar data with the ultrasound imaging system
during the process of acquiring the volumetric data, the planar
data including data of a plane through the volume of interest.
The method includes displaying a reference image based on
the planar data during the process of acquiring the volumetric
data. The method also includes displaying an image based on
the volumetric data.

[0009] In another embodiment, a method of ultrasound
imaging includes acquiring a plurality of volumetric datasets
of a volume of interest with an ultrasound imaging system.
The method includes iteratively acquiring planar data with
the ultrasound imaging system in between acquiring the plu-
rality of volumetric datasets, the planar data comprising data
of a plane through the volume of interest. The method
includes displaying a reference image based on the planar
data during the process of acquiring the plurality of volumet-
ric datasets.

[0010] Inanother embodiment, an ultrasound imaging sys-
tem includes a probe adapted to scan a volume of interest, a
display and a processing unit in electronic communication
with the probe and the display, wherein the processing unit is
configured to control the probe to acquire volumetric data of
a volume of interest. The processing unit is configured to
control the probe to acquire planar data during the process of
acquiring the volumetric data, the planar data including data
of a plane through the volume. The processing unit is also
configured to display a reference image on the display during
the process of acquiring the volumetric data, the reference
image being based on the planar data.
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[0011] Various other features, objects, and advantages of
the invention will be made apparent to those skilled in the art
from the accompanying drawings and detailed description
thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a schematic diagram of an ultrasound
imaging system in accordance with an embodiment;

[0013] FIG.2isaschematic representation of a timeline for
the acquisition of both volumetric data and planar data in
accordance with an embodiment;

[0014] FIG. 3 is a schematic representation of a screenshot
of a display in accordance with an embodiment; and

[0015] FIG.4is a schematic representation of a timeline for
the acquisition of both volumetric data and planar data in
accordance with an embodiment.

DETAILED DESCRIPTION OF THE INVENTION

[0016] In the following detailed description, reference is
made to the accompanying drawings that form a part hereof,
and in which is shown by way of illustration specific embodi-
ments that may be practiced. These embodiments are
described in sufficient detail to enable those skilled in the art
to practice the embodiments, and it is to be understood that
other embodiments may be utilized and that logical, mechani-
cal, electrical and other changes may be made without depart-
ing from the scope of the embodiments. The following
detailed description is, therefore, not to be taken as limiting
the scope of the invention.

[0017] FIG. 1 is a schematic diagram of an ultrasound
imaging system 100. The ultrasound imaging system 100
includes a transmit beamformer 101 and a transmitter 102
that drive transducer elements 104 within a probe 106 to emit
pulsed ultrasonic signals into a body (not shown). A variety of
geometries of probes and transducer elements may be used.
The pulsed ultrasonic signals are back-scattered from struc-
tures in the body, like blood cells or muscular tissue, to
produce echoes that return to the transducer elements 104.
The echoes are converted into electrical signals, orultrasound
data, by the transducer elements 104 and the electrical signals
are received by a receiver 108. According to some embodi-
ments, the probe 106 may contain electronic circuitry to do all
or part of the transmit and/or the receive beam forming. For
example, all or part of the transmit beamformer 101, the
transmitter 102, the receiver 108 and the beamformer 110
may be situated within the probe 106. The terms “scan” or
“scanning” may also be used in this disclosure to refer to
acquiring data through the process of transmitting and receiv-
ing ultrasonic signals. The term “data” may be used in this
disclosure to refer to either one or more datasets acquired with
an ultrasound imaging system. The electrical signals repre-
senting the received echoes are passed through a beam-
former 110 that outputs ultrasound data. A user interface 115
may be used to control operation of the ultrasound imaging
system 100, including, to control the input of patient data, to
change a scanning or display parameter, and the like.

[0018] The ultrasound imaging system 100 also includes a
processing unit 116 to control the transmit beamformer 101,
the transmitter 102, the receiver 108 and the beamformer 110.
The processing unit 116 is in electronic communication with
the probe. The processing unit 116 controls which of the
transducer elements are active and the shape of a beam emit-
ted from the probe 106. The processing unit is also in elec-
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tronic communication with a display 118, and the processing
unit 116 may process the data into images for display on the
display 118. The processing unit 116 may comprise a central
processing unit (CPU) according to an embodiment. Accord-
ing to other embodiments, the processing unit 116 may com-
prise other electronic components capable of carrying out
processing functions, such as a digital signal processor, a
field-programmable gate array (FPGA) or a graphic board.
According to other embodiments, the processing unit 116
may comprise multiple electronic components capable of
carrying out processing functions. For example, the process-
ing unit 116 may comprise two or more electronic compo-
nents selected from alist of electronic components including:
a central processing unit, a digital signal processor, a field-
programmable gate array, and a graphic board. According to
another embodiment, the processing unit 116 may also
include a complex demodulator (not shown) that demodu-
lates the RF data and generates raw data. In another embodi-
ment the demodulation can be carried out earlier in the pro-
cessing chain. The processing unit 116 is adapted to perform
one or more processing operations according to a plurality of
selectable ultrasound modalities on the data. The ultrasound
data may be processed in real-time during a scanning session
as the echo signals are received. For the purposes of this
disclosure, the term “real-time” is defined to include a proce-
dure that is performed without any intentional delay. For
example, an embodiment may acquire and display images
with a real-time frame-rate of 7-20 frames/sec. However, it
should be understood that the real-time frame rate may be
dependent on the length of time that it takes to acquire each
frame of ultrasound data for display. Accordingly, when
acquiring a relatively large volume of data, the real-time
frame rate may be slower. Thus, some embodiments may have
real-time frame-rates that are considerably faster than 20
frames/sec while other embodiments may have real-time
frame-rates slower than 7 frames/sec. The ultrasound infor-
mation may be stored temporarily in a buffer (not shown)
during a scanning session and processed in less than real-time
in a live or off-line operation. Some embodiments of the
invention may include multiple processing units (not shown)
to handle the processing tasks. For example, a first processing
unit may be utilized to demodulate and decimate the RF
signal while a second processing unit may be used to further
process the data prior to displaying an image. It should be
appreciated that other embodiments may use a different
arrangement of processing units.

[0019] The ultrasound imaging system 100 may continu-
ously acquire data ata frame-rate of, for example, 10 Hz to 30
Hz. Images generated from the data may be refreshed at a
similar frame rate. Other embodiments may acquire and dis-
play data at different rates. For example, some embodiments
may acquire data at a frame rate of less than 10 Hz or greater
than 30 Hz depending on the size of the volume and the
intended application. A memory 120 is included for storing
processed frames of acquired data. In an exemplary embodi-
ment, the memory 120 is of sufficient capacity to store at least
several seconds worth of frames of ultrasound data. The
frames of data are stored in a mariner to facilitate retrieval
thereof according to its order or time of acquisition. The
memory 120 may comprise any known data storage medium.
Thereis an ECG 122 attached to the processing unit 116 of the
ultrasound imaging system 100 shown in FIG. 1. The ECG
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may be connected to the patient and provides cardiac data
from the patient to the processing unit 116 for use during the
acquisition of gated data.

[0020] Optionally, embodiments of the present invention
may be implemented utilizing contrast agents. Contrast imag-
ing generates enhanced images of anatomical structures and
blood flow in a body when using ultrasound contrast agents
including microbubbles. After acquiring data while using a
contrast agent, the image analysis includes separating har-
monic and linear components, enhancing the harmonic com-
ponent and generating an ultrasound image by utilizing the
enhanced harmonic component. Separation of harmonic
components from the received signals is performed using
suitable filters. The use of contrast agents for ultrasound
imaging is well-known by those skilled in the art and will
therefore not be described in further detail.

[0021] In various embodiments of the present invention,
data may be processed by other or different mode-related
modules by the processing unit 116 (e.g., B-mode, Color
Doppler, M-mode, Color M-mode, spectral Doppler, TV,
strain, strain rate, and the like) to form 2D or 3D data. For
example, one or more modules may generate B-mode, color
Doppler, M-mode, color M-mode, spectral Doppler, TVI,
strain, strain rate and combinations thereof, and the like. The
image beams and/or frames are stored and timing information
indicating a time at which the data was acquired in memory
may be recorded. The modules may include, for example, a
scan conversion module to perform scan conversion opera-
tions to convert the image frames from coordinates beam
space to display space coordinates. A video processor module
may be provided that reads the image frames from a memory
and displays the image frames in real time while a procedure
1s being carried out on a patient. A video processor module
may store the image frames in an image memory, from which
the images are read and displayed.

[0022] FIG. 2 is schematic representation of a timeline for
the acquisition of both volumetric data and planar in accor-
dance with an embodiment. The method represented by the
timeline in FIG. 3 may be performed with an ultrasound
imaging system such as the ultrasound imaging system 100
shown in FIG. 1. The planar data may comprise either two-
dimensional data or a slab of data of a plane in a volume of
interest. The planar data contains information about a plane
either in or extending through the volume of interest. For
example, according to an embodiment, the planar data may
contain information about the region beyond the volume of
interest. In other words, an image of a plane may be generated
from the planar data that shows both a cross-section through
the volume of interest as well as structure in a region extend-
ing outside the boundaries of the volume of interest. The
technical effect of the method illustrated in the timeline of
FIG. 2 is the display of a reference image during the process
of acquiring volumetric data.

[0023] Referring to FIG. 2, the timeline 300 shows the
order of acquisition of volumetric data and planar data
according to an exemplary embodiment. According to an
embodiment, the volumetric data may include a plurality of
volumetric datasets and the planar data may include a plural-
ity of planar datasets. Also, according to the exemplary
embodiment, the volumetric data for the volume of interest
may be acquired as four separate sub-volumes. This may be
particularly useful when imaging a large volume, as the volu-
metric data corresponding to each of the sub-volumes can be
acquired in much less time than it would take to acquire
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volumetric data of the whole volume. Each of the rectangles
labeled with a “V” represents a volumetric dataset and each of
the rectangles labeled with a “P” represents a planar dataset.
In the timeline 300, the volumetric datasets are further labeled
with the number “17, “2”, “3”, or “4” after the “V”. The
number “17, <27, “3”, or “4” indicates the specific sub-vol-
ume from which the volumetric dataset was acquired. For
example, volumetric datasets labeled with a “1” correspond
to a first sub-volume; volumetric datasets labeled with a “2”
correspond to a second sub-volume; volumetric datasets
labeled with a “3” correspond to a third sub-volume; and,
volumetric datasets labeled with a “4” correspond to the
fourth sub-volume. All of the datasets are also labeled with a
number underneath the “P” or “V”. The number underneath
the “P” or “V” indicates the iteration of the acquisition. For
example, volumetric dataset 302 is labeled V1; 1. The “V”
indicates that the dataset is a volumetric dataset. The “1” after
the V indicates that the dataset contains information about the
first sub-volume. The “1” beneath the “V1” indicates that the
volumetric dataset 202 is the first iteration of the acquisition
of a volumetric dataset of the first sub-volume. Additional
description about the events in the timeline 300 will be pro-
vided hereinafter.

[0024] Thevolumetric dataset 302 of the first sub-volume is
acquired during a first portion of a patient’s first cardiac cycle.
A planar dataset 304 is acquired after the acquisition of the
volumetric dataset 302. Volumetric dataset 306 of the first
sub-volume is acquired after planar dataset 304. Planar
dataset 308 is acquired next, followed by the acquisition of
volumetric dataset 310 of the first sub-volume and planar
dataset 312. According to an embodiment, the processing unit
116 (shown in FIG. 1) controls the probe to alternate between
acquiring a volumetric dataset and a planar dataset through-
out the whole first cardiac cycle. According to the embodi-
ment shown in FIG. 2, the processing unit 116 controls the
probe 106 (shown in FIG. 1) to acquire 20 volumetric datasets
covering the first sub-volume and 20 planar datasets during
the first cardiac cycle. During the first cardiac cycle, volumet-
ric datasets are acquired for the first sub-volume at 20 differ-
ent times during the cardiac cycle. Additionally, an updated
planar dataset is acquired after each of the volumetric datasets
in accordance with an embodiment.

[0025] Still referring to FIG. 2, during the second cardiac
cycle, 20 additional volumetric datasets are acquired of the
second sub-volume. An updated planar dataset is also
acquired after each of the 20 volumetric datasets. According
to an embodiment, the planar datasets acquired during the
second cardiac cycle may include data of the same plane as
the planar datasets acquired during the first cardiac cycle. The
processing unit 116 (shown in FIG. 1) controls the probe to
alternate between acquiring a volumetric dataset of the sec-
ond sub-volume and acquiring a planar dataset during the
second cardiac cycle. For example, volumetric dataset 318 of
the second sub-volume is acquired, followed by planar
dataset 320. Next, volumetric dataset 322 of the second sub-
volume is acquired, followed by planar dataset 324. Then,
volumetric dataset 326 of the second sub-volume is acquired,
followed by planar dataset 328. This pattern of alternating
between the acquisition of a volumetric dataset of the second
sub-volume and the acquisition of a planar dataset continues
until the acquisition of volumetric dataset 330 and planar
dataset 332 have been acquired during the second cardiac
cycle.
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[0026] During the third cardiac cycle, 20 volumetric
datasets for the third sub-volume and 20 planar datasets are
alternately acquired in a similar manner to that which was
previously described for the first and second cardiac cycles.
That is, the processing unit 116 (shown in FIG. 1) controls the
probe 106 to alternate between acquiring a volumetric dataset
of the third sub-volume and acquiring a planar dataset during
the third cardiac cycle. According to the embodiment shown
in FIG. 2, all of the volumetric datasets shown in the third
cardiac cycle contain volumetric ultrasound data of the third
sub-volume. Likewise, during the fourth cardiac cycle, 20
volumetric datasets of the fourth sub-volume and 20 planar
datasets are alternately acquired in a similar pattern to that
described hereinabove for the first three cardiac cycles.

[0027] According to an exemplary embodiment, after 4
cardiac cycles, volumetric ultrasound data has been collected
at 20 different phases of the cardiac cycle for all four sub-
volumes. According to an embodiment, a cardiac monitoring
device, such as an ECG, may be attached to the patient during
the acquisition of the datasets. The processing unit 116
(shown in FIG. 1) may use signals from the ECG to gate the
acquisition of the each of the volumetric datasets. By using a
cardiac monitoring device, the processing unit 116 can ensure
that the volumetric datasets are acquired at generally consis-
tent phases during multiple cardiac cycles. It should be appre-
ciated by those skilled in the art that other embodiments may
require a different number of sub-volumes in order to com-
pletely cover a volume of interest, such as the heart. Those
skilled in the art will appreciate that after four cardiac cycles,
it is possible to generate and display an image of the heart
including all four sub-volumes according to the embodiment
shown in FIG. 2. Additionally, since volumetric data were
acquired at 20 different phases for each of the sub-volumes,
by stitching together the volumetric data based on cardiac
phase, it is possible to generate a “live” or dynamic image of
the whole heart. The dynamic image may include a loop
showing the heart at multiple phases during a whole cardiac
cycle.

[0028] According to the embodiment shown in FIG. 2, the
processing unit 116 may control the acquisition of volumetric
datasets so that the pattern of the first four cardiac cycles is
repeated throughout the acquisition. For example, the time-
line 300 shows that during the fifth cardiac cycle, the process-
ing unit 116 controls the acquisition so that volumetric
datasets of the first sub-volume (shown in FIG. 2) are
acquired. According to an embodiment, the acquisition of
data during the fifth cardiac cycle is exactly the same as it was
in the first cardiac cycle. As described previously, after the
first four cardiac cycles, there is enough data to show a
dynamic image of the whole heart over a complete cardiac
cycle. During the fifth cardiac cycle, additional volumetric
datasets are acquired of the first sub-volume. While the volu-
metric datasets acquired during the fifth cardiac cycle all
represent the same sub-volume, namely the first sub-volume,
that was acquired during the first cardiac cycle, they are at a
later point in time. Therefore, according to an embodiment, a
dynamic image of the heart may continuously be updated as
additional volumetric datasets are acquired. For example, the
volumetric datasets acquired during the fifth cardiac cycle
may replace the volumetric datasets acquired during the first
cardiac cycle. In this way, the dynamic image of the heart may
be continuously be updated as long as additional volumetric
ultrasound data is being acquired. Those skilled in the art
should appreciate that if it is desired to update the dynamic
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image in a continuous fashion, the updated data will only
affect one sub-volume at a time according to the embodiment
shown in FIG. 2. While only the first five cardiac cycles are
shown in FIG. 2, it should be appreciated that the pattern of
acquiring volumetric data and planar data may be continued
for many additional cardiac cycles according to an embodi-
ment.

[0029] According to the embodiment shown in FIG. 2, a
planar dataset is acquired after each of the volumetric
datasets. A planar dataset may take significantly less time to
acquire than a volumetric dataset since the planar dataset
comprises either a two-dimensional dataset or else a slab of
data while the volumetric dataset typically contains three-
dimensional data for a volume of interest. Both two-dimen-
sional data and slab data typically take much less time to
acquire than a volumetric dataset for a volume or sub-volume
of a diagnostically useful size. For these reasons, the method
illustrated by the timeline 300 may spend a majority of the
time acquiring volumetric ultrasound data even though planar
datasets are regularly acquired in between the acquisitions of
volumetric ultrasound data. According to other embodiments,
it may be desirable to acquire multiple volumetric datasets in
between each acquisition of a planar dataset.

[0030] The embodiment shown in FIG. 2 includes itera-
tively acquiring planar data. As discussed hereinabove, the
ultrasound data for the plane may be acquired for the same
plane throughout an acquisition. For purposes of this disclo-
sure, the plane is defined with respect to the transducer ele-
ments of the probe used to acquire the ultrasound data, such as
the transducer elements 104 shown in FIG. 1. That is, the
plane is spatially defined with respect to the total volume of
interest that is being acquired by the probe at a given time. In
other words, if the probe moves with respect to the patient or
if the internal organs of the patient are displaced, the plane
will include different anatomical regions at different points in
time.

[0031] Since the planar data used to generate the reference
image may be reacquired after acquiring each volumetric
dataset, the processing unit 116 (shown in FIG. 1) is able to
generate a reference image of the plane with a fast refresh
rate—i.e. the reference image may be a dynamic image. For
purposes of this disclosure, the term “dynamic image” is
defined to include an image comprised of many individual
images or frames that are displayed in sequence. The dynamic
image may be refreshed or updated at different rates in accor-
dance with different embodiments. Fach image or frame of
the dynamic image may be refreshed as new frames are gen-
erated based on updated data. According to an exemplary
embodiment, a new frame may be generated based on each of
the ultrasound datasets of the plane. As such, the dynamic
image may be useful for showing any motion that occurs over
a period of time. The example represented in FIG. 2 could
result in a reference image of the plane with a refresh rate of
up to 20 times per cardiac cycle. Using a reference image of
the plane that is updated this quickly allows the user to gain
real-time feedback about the position of the probe 106 (shown
in FIG. 1) while acquiring the complete volume of interest
over several cardiac cycles. In another embodiment the ref-
erence plane might be acquired between each second sub-
volume to spend less time to acquire the reference planes. By
reacquiring the plane at regular intervals during the more
time-consuming acquisition of volumetric ultrasound data, it
is possible to generate and display a reference image of the
plane that is updated in real-time. Sonographers and other
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users of the system may use the dynamic reference image of
the plane to validate a probe position and confirm whether or
not the desired volumetric datasets are being acquired while
in the process of acquiring the volumetric ultrasound data.

[0032] According to other embodiments, reference images
for more than one plane may be acquired and displayed. For
example, instead of acquiring planar data for just one plane
during each cardiac cycle as shown in FIG. 2, planar data
corresponding to multiple planes may be acquired during the
process of acquiring volumetric data. For example, an
embodiment may acquire first planar data of a first plane and
second planar data of a second plane. This would allow the
user to view a first reference image of the first plane and a
second reference image of the second plane in order to gain
additional information during the acquisition of volumetric
ultrasound data. One embodiment may show a first dynamic
image of a first plane and a second dynamic image of a second
plane as part of a bi-plane view. The first plane and the second
plane may be disposed at an angle to each other. Or, according
to a specific embodiment, the first plane and the second plane
may be generally perpendicular to each other. However, the
processing unit 116 (shown in FIG. 1) may control the probe
to alternate between acquiring planar data of a first plane in
one cardiac cycle and acquiring planar data of a second plane
during another cardiac cycle.

[0033] Additionally, the methods of other embodiments
may acquire planar data for three or more planes that are
displayed as three or more reference images. It should be
appreciated by those skilled in the art that additional ways of
interleaving the acquisition of volumetric data and the acqui-
sition of planar data may be envisioned by those skilled in the
art. For example, ultrasound imaging systems may acquire
planar data at a faster rate for some planes than for other
planes. Also, while the exemplary embodiments have
described the acquisition of data with respect to a patient’s
cardiac cycle, it should be appreciated that the acquisition of
volumetric data and planar data may be gated to other physi-
ological cycles according to other embodiments.

[0034] The embodiment shown in FIG. 2 shows a method
of an ECG gated acquisition of volumetric data that results in
the display of an image of the heart. By acquiring a planar
dataset in between acquiring each of the volumetric datasets,
it is possible to show a reference image of the plane that
updates more quickly than the total volume of interest. As
described hereinabove, the plane may be defined with respect
to the ultrasound probe according to an embodiment. There-
fore, any relative movement between the probe and the
desired volume of interest will be readily apparent to the user
during the acquisition. The reference image of the plane may
be used to accurately position the probe during the acquisition
of volumetric data. Each frame of the reference image corre-
sponds to a specific cross-section through the volume of
interest with respect to the probe. The user may position the
plane so that it passes through the sub-volume being acquired
in order to check for movement or artifacts. Since the refer-
ence image of the plane is updated multiple times during the
acquisition of a volume of interest, the reference image of the
plane provides useful real-time feedback to an operator of the
ultrasound imaging system. The operator may use the refer-
ence image of the plane to validate probe position of the probe
106 (shown in FIG. 1) during the acquisition of the volumetric
data. The operator may also use the reference image to check
the quality of the volumetric data during the acquisition of the
volumetric data. For example, if the reference image were to
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show some type of obstruction or an incorrect view of the
anatomical structure, the operator would know that the volu-
metric data currently being acquired is no longer likely to be
valid. In another embodiment, the processing unit 116 may
check the quality of the volumetric data by comparing an
image generated from the volumetric data to the reference
image. For example, the operator may compare a reference
image of a plane to an image ofthe same plane generated from
volumetric data. Any significant differences between the two
images may indicate a potential problem with the volumetric
data. Also, since the reference image provides the operator
with this feedback much more quickly than waiting for the
entire volume to acquired and then displayed, the operator
can make the appropriate corrections in much less overall
time. An advantage of this technique may therefore include a
reduction in the time needed for an operator to successfully
complete an exam, which, in turn, may result in an increase in
patient comfort.

[0035] FIG. 3isa schematic representation of a screenshot
400 of a display in accordance with an embodiment. The
display may be part of an ultrasound imaging system such as
the ultrasound imaging system 100 shown in FIG. 1. The
screenshot 400 includes an image 402. The image 402 is
generated from volumetric ultrasound data. According to an
embodiment, the image 402 may comprise a dynamic image.
When used while scanning, the area occupied by the image
402 may show a dynamic image that changes as additional
volumetric datasets are acquired. Or, according to other
embodiments, the image 402 may show a static loop of frames
that were previously acquired and saved in a memory. The
screenshot 400 also includes a first reference image 404 and
a second reference image 406. According to an embodiment,
the first reference image 404 may comprise a first dynamic
image of a first plane within a volume of interest. The second
reference image 406 may comprise a second dynamic image
of a second plane within the volume of interest. The first
reference image 404 and the second reference image 406 may
both refresh as additional datasets of the first plane and the
second plane are acquired. According to the embodiment
shown in FIG. 3, the first reference image 404 may show a
first plane 410 that is generally perpendicular to a second
plane 412. A reference icon 408 may show the relative posi-
tioning of the first plane 410 and the second plane 412 with
respect to a volume. In other embodiments an image and one
or more reference images may be arranged differently on the
display. Also, the display may only show a reference image
during the period of time before enough volumetric data has
been acquired to show an image generated from the volumet-
ric data.

[0036] FIG. 4 is a schematic representation of a timeline of
the acquisition of both volumetric data and planar data in
accordance with an embodiment. An ultrasound imaging sys-
tem, such as the ultrasound imaging system 100 may be used
to (shown in FIG. 1) acquire data according to the method
depicted in the timeline 500. The technical effect of the
method shown in the timeline 500 is the acquisition of planar
data while in the process of acquiring volumetric data.

[0037] Referring to FIG. 4, the rectangles in the timeline
500 are coded in the same way as the rectangles in the timeline
300 from FIG. 2. However, in addition to the symbols used in
FIG. 2, therectangles in F1IG. 4 also have a “B” ora “C” in the
bottom of each rectangle. The “B” stands for ab-mode dataset
while the “C” stands for a colorflow dataset. Both b-mode and
colorflow mode are examples of ultrasound imaging modes.



US 2012/0116224 Al

Hereinafter, the terms “colorflow” and “b-mode” may be used
to help clarify the types of datasets shown in the timeline 300.
However, it should be appreciated that other embodiments
may acquire data with additional ultrasound imaging modes.

[0038] In accordance with an embodiment, volumetric
dataset 502 is acquired first. The volumetric dataset 502 com-
prises b-mode data of a volume including the whole heart.
After the acquisition of the volumetric dataset 502, planar
dataset 504 is acquired. The planar dataset 504 comprises
colorflow data of a plane. During the first cardiac cycle,
b-mode volumetric datasets, such as the volumetric dataset
502, and colorflow planar datasets, such as the planar dataset
504, are alternately acquired. According to the embodiment
shown in timeline 500, 20 b-mode volumetric datasets and 20
colorflow planar dataset are acquired during the first cardiac
cycle. Therefore, at the end of the first cardiac cycle, b-mode
data has been acquired for the heart at 20 different cardiac
phases. Likewise, colorflow planar data has been acquired at
20 different cardiac phases. While the embodiment in FIG. 4
shows the acquisition of 20 volumetric datasets and 20 planar
datasets, it should be appreciated that other embodiments
may acquire a different number of datasets during a cardiac
cycle. The time required to acquire each of the colorflow
volumetric datasets may also affect the total number of
datasets that are acquired during a single cardiac cycle. For
example, if the acquisition volume is larger in size, each
volumetric dataset may take longer to acquire. Therefore, it
may only be possible to acquire fewer volumetric datasets
during the first cardiac cycle. Conversely, if the acquisition
volume is smaller in size, it may be possible to acquire sub-
stantially more than 20 volumetric datasets during the first
cardiac cycle.

[0039] During the second cardiac cycle, volumetric dataset
506 is acquired. The volumetric dataset 506 comprises color-
flow data of a first sub-volume of a volume of interest. After
the acquisition of the volumetric dataset 506, planar dataset
508 is acquired. Planar dataset 508 comprises b-mode data
about the same plane included in the planar dataset 504. Next,
planar dataset 510 may be acquired. Planar dataset 510 com-
prises colorflow data about the same plane that was included
in the planar datasets 504 and 508. According to the embodi-
ment shown in FIG. 4, additional datasets are acquired
according to the same pattern during the rest of the second
cardiac cycle. That is, the data is acquired in the pattern of a
colorflow volumetric dataset of the first sub-volume, such as
volumetric dataset 506, followed by a b-mode planar dataset,
such as planar dataset 508, followed by a colorflow planar
dataset, such as planar dataset 510. According to the embodi-
ment depicted in the timeline 500, this pattern is repeated 20
times during the second cardiac cycle. At the end of the
second cardiac cycle, 20 colorflow volumetric datasets of the
first sub-volume, such as volumetric dataset 506, have been
acquired of the first sub-volume. Additionally, 20 b-mode
planar datasets, such as planar dataset 508, and 20 additional
colorflow planar datasets, such as planar dataset 510, have
been acquired. During the second cardiac cycle, both b-mode
and colorflow planar data are acquired during the process of
acquiring volumetric data. It should be noted that FIG. 4
shows just one way of interleaving the acquisition of first
planar data and second planar data with the acquisition of
volumetric data.

[0040] During the third cardiac cycle, a volumetric dataset
514 is acquired. The volumetric dataset 514 comprises color-
flow data of a second sub-volume of the volume of interest.
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According to an embodiment, the second sub-volume may
comprise approximately one half of the patient’s heart, and
the combination of the first sub-volume and the second sub-
volume may cover all of the patient’s heart. After the acqui-
sition of the first volumetric dataset 514, planar dataset 516 is
acquired. The planar dataset 516 may be of the same plane as
that included in the planar datasets acquiring during the sec-
ond cardiac cycle. Next, planar dataset 518 is acquired. The
planar dataset 518 comprises a colorflow dataset of the plane.
According to the embodiment shown in FIG. 4, additional
datasets are acquired according to the same pattern during the
rest of the third cardiac cycle. That is, the data is acquired in
the pattern of a colorflow volumetric dataset of the second
sub-volume, such as volumetric dataset 514, followed by a
b-mode planar dataset, such as planar dataset 516 followed by
a colorflow planar dataset 518. According to the embodiment
depicted in the timeline 500, this pattern is repeated 20 times
during the third cardiac cycle. Therefore, during the third
cardiac cycle, 20 colorflow volumetric datasets are acquired
of the first sub-volume, 20 b-mode ultrasound datasets of the
plane, and 20 colorflow ultrasound datasets of the plane are
acquired.

[0041] According to an embodiment, the method shown in
the timeline 500 may repeat the pattern of acquisition shown
in the second and third cardiac cycles multiple times after the
third cardiac cycle. For instance, during the fourth cardiac
cycle, data may be acquired in the same pattern as in the
second cardiac cycle. Then, during the fifth cardiac cycle,
data may be acquired in the same pattern as in the third
cardiac cycle. Therefore, after a number of cardiac cycles, the
method will have acquired multiple colorflow volumetric
datasets for both the first sub-volume and the second sub-
volume during a plurality of different cardiac cycles. Addi-
tionally, the acquisition of colorflow planar data and b-mode
colorflow data will be interleaved with the acquisition of the
colorflow volumetric data.

[0042] Still referring to FIG. 4, the processing unit 116
(shown in FIG. 1) may display a reference image based on the
planar data acquired during the first cardiac cycle. The refer-
ence image may be a dynamic image of a plane showing
colorflow data. The reference image may update in real-time
as additional planar datasets are acquired during the first
cardiac cycle while the volumetric datasets are acquired. Dur-
ing the first cardiac cycle, b-mode volumetric data is acquired
for the entire volume. A dynamic b-mode image based on the
volumetric data may be displayed during the first cardiac
cycle. Those skilled in the art should appreciate that both the
reference image and the image based on the volumetric data
may be updated in real-time as additional planar datasets and
volumetric datasets are acquired. A user may use images
generated from the volumetric data in the first cardiac cycle
and the reference image generated from the planar data in
order to ensure that the probe is placed appropriately in order
to capture the desired colorflow data during subsequent car-
diac cycles. As described above, the planar data comprises
colorflow data, so the user is able to use the reference image
showing the colorflow data of the plane as a further check
regarding the location of the probe and the volume of interest.
[0043] The volumetric data acquired during the second car-
diac cycleis colorflow data of the first sub-volume. According
to the embodiment described with respect to FIG. 4, the
volumetric data for the second sub-volume isn’t acquired
until the third cardiac cycle. It will therefore take at least two
cardiac cycles to acquire colorflow volumetric data for the
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entire heart at all twenty phases. To improve flow framerate
(volumerate) or flow quality it may be desirable to acquire
from 2 to 7 colorflow volumetric datasets at each phase before
displaying a colorflow image. However, since the method
acquires colorflow planar data and b-mode planar data during
the process of acquiring the volumetric data, a b-mode refer-
ence image and a colorflow reference image may be dis-
played. Both the b-mode reference image and the colorflow
reference image may be dynamic images that update in real-
time. An operator may use the reference images to validate a
probe position during the acquisition of the volumetric data,
which as mentioned previously, may take several cardiac
cycles. The operator would gain real-time feedback if the
probe was no longer correctly positioned by checking the
reference images rather than waiting several cardiac cycles
only to find out that the acquired volumetric data was not of
the intended imaging target. Additionally, the operator may
have the advantage of viewing a reference image showing a
b-mode image of a plane and a second reference image show-
ing a colorflow image of the plane at generally the same time.
The b-mode reference image may show anatomical structure
more clearly while the colorflow image may be used to ensure
that the colorflow volumetric data is capturing the intended
fluid movement.

[0044] According another embodiment, planar data for two
or more different planes through the volume of interest may
be acquired. For example, first planar data may be acquired of
a first plane and second planar data may be acquired of a
second plane during the process of acquiring volumetric data.
A first reference image based on the first planar data and a
second reference image based on the second planar data may
be used by the operator in order to gain an additional perspec-
tive on the current position of the probe. According to an
embodiment, the first plane may be disposed at a generally
perpendicular angle with respect to the second plane. Addi-
tionally, the first reference image and the second reference
image may be displayed in a bi-plane view, similar to that
used during a conventional bi-plane mode.

[0045] The method described with respect to FIG. 4
includes b-mode and colorflow as the first ultrasound imaging
mode and the second ultrasound imaging mode respectively.
Both the volumetric datasets and the planar datasets include a
first ultrasound imaging mode, that is b-mode, and a second
ultrasound imaging mode, that is colorflow. Other embodi-
ments may include ultrasound imaging modes other than
b-mode and colorflow.

[0046] It should be appreciated that other embodiments
may use a different pattern of acquiring ultrasound datasets
than the one illustrated in FIG. 4. For example, the planar
datasets may be acquired either a slower or a faster rate. As
long as the reference image refreshes at a faster rate than an
image generated from the volumetric data, the reference
image may be useful for validating a probe position for the
acquisition of volumetric ultrasound data. Additionally, other
embodiments may interleave the acquisition of volumetric
datasets and planar datasets in a different manner.

[0047] This written description uses examples to disclose
the invention, including the best mode, and also to enable any
person skilled in the art to practice the invention, including
making and using any devices or systems and performing any
incorporated methods. The patentable scope of the invention
is defined by the claims, and may include other examples that
occur to those skilled in the art. Such other examples are
intended to be within the scope of the claims if they have
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structural elements that do not differ from the literal language
of the claims, or if they include equivalent structural elements
with insubstantial differences from the literal language of the
claims.

We claim:

1. A method of ultrasound imaging comprising:

acquiring volumetric data of a volume of interest with an

ultrasound imaging system;

acquiring planar data with the ultrasound imaging system

during the process of acquiring the volumetric data, the
planar data comprising data of a plane through the vol-
ume of interest;

displaying a reference image based on the planar data

during the process of acquiring the volumetric data; and
displaying an image based on the volumetric data.

2. The method of claim 1, further comprising using the
reference image to validate a probe position during the pro-
cess of acquiring the volumetric data.

3. The method of claim 1, wherein the reference image
comprise an image of the plane.

4. The method of claim 1, further comprising acquiring
second planar data with the ultrasound imaging system dur-
ing the process of acquiring the volumetric data, the second
planar data comprising data of a second plane through the
volume of interest, the second plane being distinct from the
plane.

5. The method of claim 4, wherein the second plane is
positioned at an angle with respect to the plane.

6. The method of claim 4, further comprising displaying a
second reference image at generally the same time as the
reference image, the second reference image being based on
the second planar data.

7. The method of claim 1, wherein said acquiring the planar
data comprises iteratively acquiring a slab of data including
the plane.

8. A method of ultrasound imaging comprising:

acquiring a plurality of volumetric datasets of a volume of

interest with an ultrasound imaging system;

iteratively acquiring planar data with the ultrasound imag-

ing system in between said acquiring the plurality of
volumetric datasets, the planar data comprising data of a
plane through the volume of interest; and

displaying a reference image based on the planar data

during the process of acquiring the plurality of volumet-
ric datasets.

9. The method of claim 8, further comprising using the
reference image to validate a probe position during the pro-
cess of acquiring the plurality of volumetric datasets.

10. The method of claim 8, further comprising using the
reference image for positional guidance while said acquiring
the plurality of volumetric datasets.

11. The method of claim 9, wherein the acquisition of each
of the plurality of volumetric datasets is gated to a physiologi-
cal signal.

12. The method of claim 8, wherein said iteratively acquir-
ing the planar data comprises iteratively acquiring a slab of
data including the plane.

13. The method of claim 8, further comprising displaying
an image based on the plurality of volumetric datasets at
generally the same time as said displaying the reference
image.
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14. The method of claim 8, wherein said iteratively acquir-
ing planar data in between said acquiring the plurality of
volumetric datasets comprises acquiring two or more of the
plurality of volumetric datasets in between each iteration of
acquiring the planar data.

15. The method of claim 8, further comprising comparing
animage of aplane generated from the plurality of volumetric
datasets to the reference image in order to determine the
quality of the plurality of volumetric datasets.

16. The method of claim 8, wherein the planar data extends
beyond the volume of interest.

17. An ultrasound imaging system comprising;

aprobe adapted to scan a volume of interest:

a display; and

a processing unit in electronic communication with the

probe and the display, wherein the processing unit is
configured to:

control the probe to acquire volumetric data of a volume
of interest;
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control the probe to acquire planar data during the pro-
cess of acquiring the volumetric data, the planar data
comprising data of a plane through the volume of
interest; and

display a reference image on the display during the
process of acquiring the volumetric data, the refer-
ence image being based on the planar data.

18. The ultrasound imaging system of claim 17, wherein
the processing unit is further configured to control the probe
to acquire second planar data during the process of acquiring
the volumetric data, the second planar data comprising data of
a second plane through the volume of interest that is distinct
from the plane.

19. The ultrasound imaging system of claim 18, wherein
the processing unit is further configured display a second
reference image based on the second planar data during the
process of acquiring the volumetric data.

20. The ultrasound imaging system of claim 18, wherein
the processing unit is further configured to control the probe
to interleave the acquisition of the planar data with the acqui-
sition of the volumetric data.
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