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(57 ABSTRACT

Contrast-enhancing agents enhance 3D and/or 4D ultra-
sound imagery, by which ultrasound machines acquire ultra-
sound image data and processors convert the ultrasound
image data into contrast-enhanced 3D and/or 4D images
using the contrast-enhancing agents. Various other embodi-
ments may also include CTI processors, which can be
adapted to generate CT1 image data, and/or TIC processors,

US) which can be adapted to generate TIC image data. Systems,
methods, and computer-readable storage medium including
11/538,244 a set of instructions for a computer are disclosed.
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SYSTEM AND METHOD FOR
THREE-DIMENSIONAL AND
FOUR-DIMENSIONAL CONTRAST IMAGING

BACKGROUND OF INVENTION

[0001] The present invention generally relates to three-
dimensional (3D) and four-dimensional (4D) contrast imag-
ing in a healthcare environment. In particular, the present
invention relates to a system and method for applying
contrast imaging on 3D and 4D images using ultrasound
technology to improve the accuracy and efficiency of a
diagnosis. A user is able to view a patient’s images based on
a patient’s images from previous examinations.

[0002] A clinical or healthcare environment is a crowded,
demanding environment. Thus, applying contrast imaging
on 3D and 4D images using ultrasound technology to
improve the efficiency in which a user is able to view a
patient’s images based on a patient’s images from current or
previous examinations would be highly desirable. Further,
the ability to more accurately diagnose a patient by using 3D
and/or 4D contrast imaging is of great value to a medical
practitioner and/or technician as well as the patient.

[0003] Ultrasound plays a vital role in obstetrical imaging
as well as treating and/or detecting kidney stones, peripheral
vascular disease, stenosis of the cartorid arteries (which may
cause a stroke), and deep vein thrombosis (which may cause
a stroke, coronary blockage or pulmonary embolism),
among other things. Ultrasound is also used in image-guided
interventions such as biopsies and drainages, for example.
[0004] Ultrasound technology uses high-frequency sound
waves to visualize soft tissue structures in the body in real
time. Ultrasound images had been viewed as static two
dimensional (2D) images. However, with current technol-
ogy, both 3D images and 3D images viewed in real-time
(i.e., 4D images) are available.

[0005] 3D and 4D imaging provides several advantages
over 2D technology. For example, viewing ultrasound
images in 3D and 4D can greatly enhance the diagnostic
process by providing unique information and perspective for
the diagnostic process. A significant reduction in inaccurate
diagnosis can occur using 3D and 4D images because the
clearer 3D and 4D pictures provide an easier understanding
of complex structures. 3D and 4D technology coupled with
volume data makes it possible to analyze the tissue con-
cerned from multiple angles. Using 3D and 4D technology,
coronal image plane and anatomical views not possible with
2D scanning can be obtained. Further, better qualitative and
quantitative information can be obtained to diagnose effec-
tively because 3D and 4D technology allows for a complete
examination through increased perspective from volume
data. Using 3D and 4D imaging, all planes of view are
reproducible (i.e., a virtual patient). 3D and 4D technology
may allow for reduced study time, decrease patient waiting
times, and an overall faster examination procedure.

[0006] Additionally, 4D imaging may provide additional
advantages over other 3D imaging diagnostic processes. 4D
technology allows real-time diagnoses to be made on mov-
ing objects or organs. 4D imaging may allow for improved
accuracy of the diagnosis of a fetus, for example, by
permitting a medical practitioner and/or technician to view
movement patterns of a fetus allowing conclusions to be
drawn about their development. In ultrasound guided biop-
sies, 4D technology can greatly increase the accuracy of the
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diagnosis due to the full control of needle movements in real
time in all three image planes.

[0007] 3D and 4D ultrasound imaging technology is now
available on many ultrasound systems. However, there
would be a significant clinical benefit to applying 3D/4D
technology using ultrasound contrast imaging. With contrast
imaging, blood flow in very small blood vessel becomes
visible. In contrast imaging, contrast agents are injected into
the blood vessel through a vein. The contrast agents gener-
ally last only several minutes in the body. Contrast imaging
is performed immediately after the injection. Contrast
enhancement dynamic change is used to detect and classify
a lesion. An ultrasound transducer needs to maintain on a
lesion for the entire time when the contrast agents are in the
body. 3D/4D contrast imaging allows the user to visualize
the vascularity around a tumor since it captures the contrast
information in the whole volume. It also makes it easier to
maintain the ultrasound transducer on the lesion target.
Contrast imaging using 3D and/or 4D images may allow a
medical practitioner and/or technician to more easily iden-
tify tumors by monitoring the contrast enhancement.
[0008] 3D and 4D technology is used by medical profes-
sionals to assist in visualizing and detecting abnormalities in
a patient. Contrast imaging using 3D and 4D images may be
necessary for medical professionals to properly, effectively,
and efficiently diagnose patients. A system and method for
applying contrast imaging on 3D and 4D images using
ultrasound technology would improve the efficiency and
accuracy of an ultrasound examination. Thus, there is a need
for a system and method for applying contrast imaging on
3D and 4D images using ultrasound technology to improve
the accuracy of a diagnosis and the efficiency in which a
medical practitioner and/or technician is able to view a
patient’s images based on a patient’s images from current or
previous examinations.

SUMMARY OF INVENTION

[0009] In certain embodiments of the inventive arrange-
ments, ultrasound imaging systems comprise an ultrasound
machine for acquiring ultrasound image data and a processor
for converting the ultrasound image data into a contrast-
enhanced 3D and/or 4D image. It may also further comprise
a CTI processor, which can be adapted to generate CTI
image data, and/or a TIC processor, which can be adapted to
generate TIC image data.

[0010] Inother embodiments, methods for acquiring ultra-
sound images comprise providing an ultrasound machine for
acquiring ultrasound image data and providing a processor
for converting the ultrasound image data into a 3D and/or 4D
contrast-enhanced image. It may also further comprise pro-
viding a CTI processor, which can be adapted to generate
CTI image data, and/or a TIC processor, which can be
adapted to generate TIC image data.

[0011] In yet other embodiments, methods for acquiring
3D and/or 4D contrast-enhanced ultrasound images com-
prise providing a contrast-enhancing agent, providing an
ultrasound machine for acquiring ultrasound image data, and
providing a processor for converting the ultrasound image
data into 3D and/or 4D contrast-enhanced images using the
contrast-enhancing agent.

[0012] Instill yet other embodiments, 3D and 4D contrast
imaging systems may include an ultrasound machine for
acquiring image data. The system may also include a 3D/4D
processor for converting the image data into one or more
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contrast-ethanced images that are one or more of a 3D
image and a 4D image. In addition, the system may include
one or more displays, adapted to display i) one or more
contrast-enhanced images, ii) one or more reconstructed CTI
images using a CTI processor, and/or iii) one or more TIC
curves using a TIC processor. The system may also include
one or more storage servers capable of storing image data,
wherein the image data includes the contrast-enhanced
image(s), CTI image data, TIC image date, reconstructed
CTI image(s), and/or TIC curve(s).

[0013] In additional embodiments, methods for applying
contrast imaging on 3D and 4D images include converting
image data acquired by an ultrasound machine into one or
more contrast-enhanced images that are a 3D image and/or
a 4D image. The method may also include generating one or
more reconstructed CTI images based on the one or more
contrast-enthanced images using a CTI processor and/or one
or more TIC curves based on the one or more contrast-
enhanced images using a TIC processor. In addition, the
method may also include storing in one or more storage
servers the contrast-enhanced image(s), the reconstructed
CTIimage(s), and/or the TIC curve(s). The method may also
include displaying the contrast-enhance image(s), the recon-
structed CTI image(s), and/or the TIC curve(s).

[0014] And yet other embodiments include a computer-
readable storage medium including a set of instructions for
a computer. [n certain embodiments, the set of instructions
include an image conversion routine for converting image
data acquired by an ultrasound machine into one or more
contrast-enthanced images that are a 3D image and/or a 4D
image. The set of instructions may also include a recon-
struction routine for reconstructing one or more CTI images
based on the one or more contrast-enhanced images using a
CTI processor. In addition, the set of instructions may also
include a generation routine for generating one or more TIC
curves based on the one or more contrast-enhanced images
using a TIC processor. The set of instructions may also
include a storage routine for storing the contrast-enhanced
image(s), the CTT image(s), and/or the TIC curve(s). The set
of instructions may also include a display routine for dis-
playing the contrast-enhanced image(s), the CTI image(s),
and/or the TIC curve(s).

BRIEF DESCRIPTION OF SEVERAL VIEWS OF
THE DRAWINGS

[0015] FIG. 1 illustrates a 3D and 4D contrast imaging
system used in accordance with an embodiment of the
present invention.

[0016] FIG. 2 illustrates an example of contrast tomogra-
phy imaging in time plane display. The illustration displays
the same image plane in each volume in time sequence.
[0017] FIG. 3 illustrates an example of contrast tomogra-
phy imaging in time volume display. The illustration dis-
plays a volume image formed by combining the same image
plane in all volumes in time sequence.

[0018] FIG. 4 illustrates an example of a graph displaying
the average contrast intensity in an area or volume as a
function of time.

[0019] 5 illustrates contrast tomography imaging in space.
The illustration displays multiple image planes in a volume.
[0020] 6 illustrates a flow diagram for a method for
applying contrast imaging on 3D and 4D images using
ultrasound technology in accordance with an embodiment of
the present invention.
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[0021] The foregoing summary, as well as the following
detailed description of certain embodiments of the present
invention, will be better understood when read in conjunc-
tion with the appended drawings. For the purpose of illus-
trating the invention, certain embodiments are shown in the
drawings. It should be understood, however, that the present
invention is not limited to the arrangements and instrumen-
tality shown in the attached drawings.

DETAILED DESCRIPTION OF VARIOUS
PREFERRED EMBODIMENTS

[0022] FIG. 1 illustrates a 3D and 4D contrast imaging
system 100 used in accordance with an embodiment of the
present invention. The system 100 includes an ultrasound
machine 110, an image processor 120 and/or a 3D/4D
processor 130, a 3D/4D processor memory 140, a volume
signal processor 150, a contrast tomography imaging (CTI)
processor 160, a time intensity curve (TIC) processor 170, a
volume measurement processor 180, and a display 190. The
CTI processor 160 may include an image cut signal process
level component 162, a CTI in time volume display image
reconstruction component 164, a CT1 in time plane display
image reconstruction component 166, and/or a CT1 in space
image reconstruction component 168, among other things.
The components of the system 100 may communicate via
wired and/or wireless connections on one or more process-
ing units, such as computers, medical systems, storage
devices, custom processors, and/or other processing units.
The system 100 may be implemented in software and/or
hardware. In certain embodiments, the 3D and 4D contrast
imaging system 100 is integrated into a single unit, or may
be integrated in various forms. In an embodiment, a user of
the system may be a doctor, sonographer, medical practitio-
ner, technician, other hospital staff member, or the like.
Accordingly, the technical effect is an enhanced diagnostic
arrangement using contrast agents in 3d and/or 4D ultra-
sound imaging.

[0023] The system 100 may be used to provide a solution
for applying contrast imaging on 3D and 4D images using
ultrasound technology to improve the accuracy of a diag-
nosis and the efficiency in which a medical practitioner
and/or technician is able to view a patient’s images based on
a patient’s images from previous examinations. A sonogra-
pher, medical practitioner, technician, or other hospital staff
member that performs ultrasound examinations often uses
3D and/or 4D images. These images can offer views of the
anatomy that assist a doctor in visualizing and detecting
abnormalities. The use of a contrast agent injected in to the
body while acquiring 3D and/or 4D images presents a
significant clinical benefit by assisting a doctor or medical
practitioner in diagnosing patient abnormalities. For
example, with contrast imaging, blood flow in very small
blood vessels becomes visible. Monitoring contrast
enhancement change as a function of time can provide
important diagnostic information, for example, in tumor
identification and classification. In an embodiment,
examples of 3D and/or 4D images include: multiplanar
images, curve planar images, volume rendered images,
fly-through image views, fly-around image views, maximum
intensity projections, and minimum intensity projections,
among others. Saggital and coronal views, among others, are
examples of multiplanar image views in accordance with an
embodiment of the present invention. One skilled in the art
would recognize that there are many types of 3D and/or 4D
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images and subsets of views there from. The types of 3D and
4D images and any views mentioned are for exemplary
purposes and are not intended to limit the present invention.

[0024] In an embodiment, the ultrasound machine 110
acquires a 3D or 4D image, by electronically, mechanically,
and/or manually controlling an ultrasound transducer to
sweep a volume image of a region of interest. Acquiring a
single volume forms a 3D image. Acquiring the multiple
volume image within a certain amount of time forms a 4D
image. If the image is being acquired electronically or
mechanically, a user may use, for example, the display 190
1o enter information used by the ultrasound transducer to
perform the ultrasound examination. For example, when
performing an electronic or mechanical ultrasound exami-
nation using the display 190 to control the ultrasound
transducer, a user may use the display to determine one or
more of the following: a region of interest, an angle of an
acquired volume, a quality of acquisition (dictated by the
time of acquisition), a primary plane of acquisition (e.g.,
longitudinal or transverse), and whether a 3D or 4D image
will be acquired, among other things. In an embodiment,
while performing an ultrasound examination using contrast,
when contrast agents enter the artery, the probe sweep
direction may line up with the blood flow direction to get the
contrast image of the whole blood vessel. In 4D contrast
imaging, at least in the early phase, the probe may sweep
unidirectionally so that the user has control of the sweep
direction relative to the blood flow.

[0025] Inanembodiment, the display 190 is used by a user
to, among other things, view and interact with images
created as a result of an ultrasound examination and, if
electronically controlling the ultrasound machine 110, the
display 190 may be used to perform the ultrasound exami-
nation. An image from an examination may be displayed on
an image viewer, the image viewer being a program or
application on (or accessible to) the display 190. In an
embodiment, a 3D and/or 4D image can be displayed as
sectional images (i.e., viewing each of the three perpendicu-
lar 3D/4D planes independently in 2D) and/or as a 3D/4D
volume rendered image, among other things. While viewing
the image from the examination, a user may use one or more
applications associated with the volume signal processor
150, CTT processor 160, TIC processor 170, and/or volume
measurement processor 180, among other things, for
example, to alter the views of the image, filter out image
information in order to locate possible abnormalities in the
image, and/or graph a time intensity curve 400 (if a 4D
image). The one or more applications associated with the
volume signal processor 150, CTI processor 160, TIC pro-
cessor 170, and/or volume measurement processor 180,
which are programs or applications on (or accessible to) the
display 190 may be integrated with the image viewer or a
separate application. In an embodiment, the display 190,
may also contain the image processor 120 and/or 3D/4D
processor 130, 3D/4D processor memory 140, the volume
signal processor 150, the CTT processor 160, the TIC pro-
cessor 170, and/or the volume measurement processor 180,
among other things. The image processor 120 and/or 3D/4D
processor 130, volume signal processor 150, CTI processor
160, TIC processor 170, and volume measurement processor
180 may be a set of commands, which may be implemented
in software and/or hardware on the 3D/4D processor
memory 140 or display 190, such as a PACS workstation, or
other workstation. In an embodiment, a sonographer or other
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user of the system 100 may view and alter previous exami-
nations saved in the 3D/4D processor memory 140. In an
embodiment, the display 190 may be a touch panel display,
voice controlled display, a displayed used with buttons,
knobs, or the like, and/or a display used with a keyboard/
mouse (e.g., computer), among other things.

[0026] Inan embodiment, the image processor 120 is used
to convert image data from the ultrasound machine 110 into
a 2D image. The 3D/4D processor 130 is used to convert
image data from the ultrasound machine 110 or image
processor 120 into a 3D or 4D image. In an embodiment, the
image processor 120 converts the image data from the
ultrasound machine 110 into a 2D image before sending the
2D image data to the processor memory (that may be the
3D/4D processor memory 140 or a separate memory) and/or
the 3D/4D processor 130 to convert into a 3D or 4D image.
In another embodiment, the ultrasound machine 110 sends
image data directly to the 3D/4D processor 130. In yet
another embodiment, the image processor 120 and 3D/4D
processor 130 may be integrated in one component capable
of converting image data from the ultrasound machine 110
into 2D, 3D and/or 4D images.

[0027] Inanembodiment, a 3D/4D processor memory 140
is used to save images created from an examination after a
sonographer or other healthcare professional performs an
ultrasound examination on a patient and the image data is
converted by the image processor 120 and/or 3D/4D pro-
cessor 130. Further, parameters for creating or altering
ultrasound examination images, which may be created by a
sonographer or other healthcare professional when recon-
structing 3D or 4D images, creating a TIC curve 500, or
rendering 3D or 4D images, may be saved to the 3D/4D
processor memory 140. Alternatively or in addition, the
3D/4D images may be stored on the display 190 and/or on
the 3D/4D processor memory 140, which may be a PACS
server, a database, a library, or other general memory, among
other things. The 3D/4D processor memory 140 may also
store one or more of the image processor 120 and/or 3D/4D
processor 130, CTI processor 160, TIC processor 170,
and/or volume measurement processor 180, among other
things. The 3D/4D processor memory 140 may be integrated
with the display 190 or be a separate system. In an embodi-
ment, images saved in a current examination by the 3D/4D
processor 130 are displayed on the display 190. In another
embodiment, saved images from current and/or previous
examinations are sent to one or more of the CTI processor
160, TIC processor 170, and/or volume measurement pro-
cessor 180 as commanded by the display 190 at the instruc-
tion of a user of the system 100.

[0028] In an embodiment, the volume signal processor
150 is used to perform signal processing on a volume image
(e.g., upon command from the display 190 at the direction
of a user). The volume signal processor 150 uses signal
processing to enhance the image volume and allows a user
to get the maximum amount of information from the data. In
an embodiment, a user may use the volume signal processor
150 to smooth or enhance surface texture, minimize or
maximize transparency, and increase or decrease gradient
light on the rendered volume image, among other things. For
example, a user may use the volume signal processor 150 to
maximize the transparency of a volume to more easily view
dense matter in an image volume, improving a sonogra-
pher’s or doctor’s ability to diagnose a patient.
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[0029] Inan embodiment, the 3D and 4D contrast imaging
system 100 uses a CTI processor 160 to perform signal
processing on an image 162 and/or to reconstruct a 4D
image in time volume display 164, time plane display 166,
and/or to reconstruct a 3D or 4D image in space display 168.
For example, a sonographer who has performed an ultra-
sound examination on a patient may want to view a CTI
image reconstructed in time plane display 200, a CTT image
reconstructed in time volume display 300, and/or a CTI
image reconstructed in space display 400.

[0030] FIG. 2 illustrates a CTI image in time plane display
200. A CTI image in time plane display 200 displays the
same image plane in each user selected volume or in all the
volumes in time sequence. The image plane can be selected
in any orientation and position in a volume. If there too
many images to display at once, user can use a knob or a key
to scroll through all the images. A CTI image in time plane
display 200 can be reconstructed using a 4D image (or
multiple 3D images over a period of time) because the image
200 is over a period of time. FIG. 3 illustrates a CTI image
in time volume display 300. A CTI image in time volume
display 300 displays a volume image formed by combining
the same image plane in all volumes in time sequence. A CT1
image in time volume display 300 can be reconstructed
using a 4D image (or multiple 3D images over a period of
time) because the image 300 is over a period of time. CTI
images in time plane display 200 and time volume display
300 may be useful for a doctor or sonographer because the
doctor or sonographer may monitor the contrast enhance-
ment change as a function of time, which may assist in, for
example, tumor identification and classification.

[0031] FIG. 5 illustrates a CTI image in space display 500.
A CTI image in space display 500 displays multiple image
planes inside a volume. A CTI image in space display 500
can be reconstructed using either a 3D image or one volume
image from a 4D image. A CTI image in space can be
formed along any orientation in the volume and the image
planes in the CTI are evenly spaced. The spacing between
the image planes are selectable by user. If too many image
planes are to be displayed, a knob or a key can be used to
scroll through the image planes. The original examination
images and subsequent reconstructed images 200, 300, 500
may be stored on the 3D/4D processor memory 140 or a
separate storage server (e.g., a storage server integrated with
the display 190).

[0032] In an embodiment, the CTI processor 160 uses an
image cut signal processor 162 to perform signal processing
on an image cut (preferably upon command from the display
190 at the direction of a user). The image cut signal
processor 162 uses signal processing to enhance the image
cuts (or planes) and allows a user to get the maximum
amount of information from the data. In an embodiment, a
user may use the image cut signal processor 162 to smooth
an area of interest within an image cut or enhance the
boundary (or structure) of an area of interest within an image
cut, among other things. For example, a user may use the
image cut signal processor 162 to smooth within a very thin
slice around each image plane to improve the image quality.
The image cut signal processor 162 may receive an original
3D or 4D image from the 3D/4D processor memory 140 to
perform image cut signal processing on or the 3D or 4D
image may be an image already enhanced by the volume
signal processor 150 that needs further enhancement at the
image cut level before image reconstruction by another
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component of the CTI processor 164-168. If a user deter-
mines no image cut signal processing is needed, the image
data is sent directly to the CTI image reconstruction com-
ponent 164-168 selected by the user of the system 100.

[0033] In an embodiment, upon a command from the
display 190 at the instruction of a user, the 3D and 4D
contrast imaging system 100 reconstructs a 4D image in
time volume display 164, time plane display 166, and/or
reconstructs a 3D or 4D image in space display 168 by
performing an algorithm on the 4D image data (or in the case
of CTTin space display 168, performing an algorithm on the
3D image data or on a moment in time of the 4D image data).
The image data may be sent to the CTI processor 160 via the
3D/4D processor memory 140 and may be altered by the
image cut signal processor 162 at the discretion of the user
of the system 100 (depending on if the user instructs the
system 100 to perform signal processing to improve the
image quality). In an embodiment, after the image data is
reconstructed into a CTI image in time volume display 300,
CTI image in time plane display 200, or CTI image in space
display 500, the reconstructed image 200, 300, 500 is sent to
and displayed upon the display 190. In another embodiment,
the reconstructed CTI images can also be output as one or
more data files. In an embodiment, the data files and/or
reconstructed images 200, 300, 500 may be stored on the
3D/4D processor memory 140 or a separate storage server
(e.g., a storage server integrated with the display 190).

[0034] Inan embodiment, a TIC processor 170 is used to
graph the average contrast intensity in an area or a volume
as a function of time 400. FIG. 4 illustrates an example TIC
curve 400. In an embodiment, upon a command from the
display 190 at the instruction of a user, the 3D and 4D
contrast imaging system 100 measures the averaged contrast
intensity inside a user selected area or volume, calculates the
intensity in each volume image, and plots the intensity curve
as a function of time (TIC curve) 400 for future analysis by
performing an algorithm on the 4D image data. In another
embodiment, the TIC curve 400 can also be output as a data
file, for example as intensity and time table, among other
things. The image data may be sent to the TIC processor 170
via the 3D/4D processor memory 140. In an embodiment,
after the image data is converted to a graph of the TIC curve
400, the graph 400 is sent to and displayed upon the display
190. In an embodiment, the graph of the TIC curve 400
and/or the data file created by the TIC processor 170 may be
stored on the 3D/4D processor memory 140 or a separate
storage server (e.g., a storage server integrated with the
display 190).

[0035] Inan embodiment, a volume measurement proces-
sor 180 is used to view areas of interest within an image
volume. For example, if after viewing a 3D or 4D image
from an ultrasound examination, a user wants to measure the
volume on a tumor within the volume image, the user may
use the display 190 to outline the boundary of the tumor and
using the volume measurement processor 180 to measure the
tumor. The user can then use the display 190 1o rotate and
view the tumor structure at any angle. In another embodi-
ment, the display 190 and/or volume measurement processor
180 may automatically detect the boundary of a tumor
within the volume image to display the tumor and measure
its volume. In yet another embodiment, the user may outline
the tumor boundary from one or two of the section plans (a
3D/4D image can be displayed in sectional format in A, B
and C three perpendicular planes) display 190 and/or vol-
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ume measurement processor 180 automatically detects the
boundary in the rest sectional plans.

[0036] In operation, a patient injected with contrast agent
1s scanned mechanically, manually or electronically using an
ultrasound machine 110. The ultrasound machine 110 sends
image data to the image processor 120, where the image data
is converted into a 2D image. The image data from the image
processor 120 is then sent to the 3D/4D processor 130,
where the 2D image data is converted into 3D or 4D image
data. Alternatively, the image data from the ultrasound
machine 110 may be sent directly to the 3D/4D processor
130, where the image data from the ultrasound examination
is converted into a 3D or 4D image. The 3D or 4D image is
then saved in the 3D/4D processor memory 140 and dis-
played on the display 190. A user views the image on the
display 190 using an image viewer. The user uses the volume
signal processor 150, the CTI processor 160, the TIC pro-
cessor 170 and/or the volume measurement processor 180 to
view and diagnose a patient. If using the CTI processor 160
or the volume measurement processor 180, the sonographer
or other medical practitioner may choose to perform volume
signal processing on the volume image using the volume
signal processor 150 to improve image quality of the volume
image. If using the CTI processor 160, the sonographer or
other healthcare professional may perform image plane
signal processing on one or more image planes using the
image cut signal processor 162 to improve the quality of one
or more image cuts. Additionally, if using the CTI processor
160, the sonographer or other healthcare professional may
choose to view CTI image reconstruction in time volume
display (if a 4D image) 166, time plane display (if a 4D
image) 164, and/or space display (for either a 3D image or
a moment in time of a 4D image) 168. The reconstructed
image 200, 300, 500 (generated from the CTI processor
160), TIC curve 400 (generated from the TIC processor
170), or reconstructed volume measurement image (gener-
ated from the volume measurement processor 180) is saved
to the 3D/4D processor memory 140 with any parameters
used to create the reconstructed image 200, 300, 500, TIC
curve 400, or reconstructed volume measurement image. At
any time thereafter, a sonographer or medical practitioner
with access to the system 100 may retrieve saved images or
graphs from the 3D/4D processor memory 140 to further
analyze and/or to create additional images using the CTI
processor 160, TIC processor 170, and/or volume measure-
ment processor 180.

[0037] FIG. 6 illustrates a flow diagram 600 for a method
for applying contrast imaging on 3D and 4D images using
ultrasound technology in accordance with an embodiment of
the present invention.

[0038] First, at step 610, an ultrasound examination is
performed by a sonographer or other healthcare professional
that results in an image or group of images being created.
For example, a sonographer may perform an ultrasound
examination either by electronically, mechanically, and/or
manually controlling the ultrasound transducer to sweep a
volume image of the region of interest. Acquiring a single
volume forms a 3D image. Acquiring the multiple volume
image within a certain amount of time forms a 4D image. If
the image is being acquired electronically or mechanically,
a user may use, for example, the display 190 to enter
information used by the ultrasound transducer to perform the
ultrasound examination. For example, when performing an
electronic or mechanical ultrasound examination using the
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display 190 to control the ultrasound machine 110, a user
may use the display to determine one or more of the
following: a region of interest, an angle of an acquired
volume, a quality of acquisition (dictated by the time of
acquisition), a primary plane of acquisition (e.g., longitudi-
nal or transverse), and whether a 3D or 4D image will be
acquired, among other things. In an embodiment, while
performing an ultrasound examination using contrast, when
contrast agents enter the artery, the probe sweep direction
may line up with the blood flow direction to get the contrast
image of the whole blood vessel. In 4D contrast imaging, at
least in the early phase, the probe may sweep unidirection-
ally so that the user has control of the sweep direction
relative to the blood flow.

[0039] At step 620, the image data acquired from the
ultrasound machine 110 is converted to a 3D or 4D image.
In an embodiment, the image processor 120 is used to
convert image data from the ultrasound machine 110 into a
2D image. The 3D/4D processor 130 is used to convert
image data from the ultrasound machine 110 or image
processor 120 into a 3D or 4D image. In an embodiment, the
image processor 120 converts the image data from the
ultrasound machine 110 into a 2D image before sending the
2D image data to the processor memory (that may be the
3D/4D processor memory 140 or a separate memory) and/or
the 3D/4D processor 130 to convert into a 3D or 4D image.
In another embodiment, the ultrasound machine 110 sends
image data directly to the 3D/4D processor 130. In yet
another embodiment, the image processor 120 and 3D/4D
processor 130 may be integrated in one component capable
of converting image data from the ultrasound machine 110
into 2D, 3D and/or 4D images.

[0040] Then, at step 630, the 3D or 4D image is saved on
the 3D/4D processor memory 140 and the image is dis-
played on the display 190. In an embodiment, a 3D/4D
processor memory 140 is used to save images created from
an examination after a user performs an ultrasound exami-
nation on a patient and the image data is converted by the
image processor 120 and/or 3D/4D processor 130. Further,
parameters for creating or altering ultrasound examination
images, which may be created by a user when reconstructing
3D or 4D images, creating a TIC curve 500, and/or rendering
3D or 4D images, may be saved to the 3D/4D processor
memory 140. Alternatively or in addition, the 3D/4D images
may be stored on the display 190 and/or on the 3D/4D
processor memory 140, which may be a PACS server, a
database, a library, or other general memory, among other
things. The 3D/4D processor memory 140 may also store
one or more of the image processor 120 and/or 3D/4D
processor 130, CTI processor 160, TIC processor 170,
and/or volume measurement processor 180, among other
things. The 3D/4D processor memory 140 may be integrated
with the display 190 or be a separate system. In an embodi-
ment, images saved in a current examination by the 3D/4D
processor 140 are displayed on the display 190. In another
embodiment, saved images from current and/or previous
examinations are sent to one or more of the CTI processor,
TIC processor and/or volume measurement processor as
commanded by the display 190 at the instruction of a user of
the system 100.

[0041] Next, at step 640, the user interacts with the display
190. The user using the system 100 may view the original
image from the ultrasound examination by interacting with
the display 190 to rotate the image and zoom in or out on
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various structures within the image, among other things. If
viewing a 4D image, a user may also go through the 4D
image volume by volume (over a period of time) using a key
or knob, for example, associated with the display 190.
Additionally, a user may perform various functions on the
original 3D or 4D image to easily, quickly and effectively
diagnose a patient.

[0042] For example, a user may use the volume signal
processor 150 to enhance the image volume and allows a
user to get the maximum amount of information from the
data. In an embodiment, a user may use the volume signal
processor 150 to smooth or enhance surface texture, mini-
mize or maximize transparency, and increase or decrease
gradient light, among other things. For example, a user may
use the volume signal processor 150 to maximize the
transparency of a volume to more easily view dense matter
in an rendered volume image, improving a sonographet’s or
doctor’s ability to diagnose a patient.

[0043] In another example, a user may use the TIC pro-
cessor 170 to graph the average contrast intensity in an area
or a volume as a function of time 400. Upon a command
from the display 190 at the instruction of a user, the 3D and
4D contrast imaging system 100 measures the averaged
contrast intensity inside a user selected area or volume,
calculates the intensity in each volume image, and plots the
intensity curve as a function of time (TIC curve) 400 for
future analysis by performing an algorithm on the 4D image
data. The image data may be sent to the TIC processor 170
via the 3D/4D processor memory 140. In an embodiment,
after the image data is converted to a graph of the TIC curve
400, the graph 400 is sent to and displayed upon the display
190. In an embodiment, the graph of the TIC curve 400
created by the TIC processor 170 may be stored on the
3D/4D processor 140 or a separate storage server (e.g., a
storage server integrated with the display 190).

[0044] A user may also use the volume measurement
processor 180 to view areas of interest within an image
volume. For example, if after viewing a 3D or 4D image
from an ultrasound examination, a user wants to view a
particular structure within the volume image by itself, the
user may use the display 190 to select the boundaries of the
structure and using the volume measurement processor 180,
the display 190 will display the 3D or 4D image structure by
itself. The user can then use the display 190 to rotate the
image structure and view the image structure at any angle.
In another embodiment, the display 190 and/or volume
measurement processor 180 may automatically detect the
boundaries of a structure within the volume image to dis-
play. In yet another embodiment, the user may outline the
tumor boundary from one or two of the three sectional
planes and the display 190 and/or volume measurement
processor 180 automatically detects the boundary in the
remaining sectional planes and calculates the tumor volume.
[0045] Inanother example, a sonographer or other medical
practitioner may use the CTI processor 160 to perform
signal processing on an image 162 and/or to reconstruct a 4D
image in time volume display 164, time plane display 166,
and/or to reconstruct a 3D or 4D image in space display 168.
For example, a sonographer who has performed an ultra-
sound examination on a patient may want to view a CTI
image reconstructed in time plane display 200, a CTT image
reconstructed in time volume display 300, and/or a CTI
image reconstructed in space display 400. Upon a command
from the display 190 at the instruction of a user, the 3D and
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4D contrast imaging system 100 reconstructs a 4D image in
time volume display 164, time plane display 166, and/or
reconstructs a 3D or 4D image in space display 168 by
performing an algorithm on the 4D image data (or in the case
of CTTin space display 168, performing an algorithm on the
3D image data or on a moment in time of the 4D image data).
The image data may be sent to the CTI processor 160 via the
3D/4D processor memory 140 and may be altered by the
image cut signal processor 162 at the discretion of the
sonographer or other user of the system 100 (depending on
if the user instructs the system 100 to perform signal
processing to improve the image quality).

[0046] Then, at step 650, the display updates based on the
commands given to the system 100 by a user (e.g., sonog-
rapher or other medical practitioner). If a TIC curve or
reconstructed image was created by the sonographer or other
medical practitioner, those TIC curves, reconstructed
images, and any parameters used to create the TIC curves
and/or reconstructed images may be saved to the 3D/4D
processor memory, the display 190, and/or another storage
server. For example, after the image data is reconstructed
into a CTI image in time volume display 300, CTI image in
time plane display 200, or CTI image in space display 500,
the reconstructed image 200, 300, 500 is sent to and dis-
played upon the display 190. The reconstructed images 200,
300, 500 may also be stored on the 3D/4D processor 140 or
a separate storage server (e.g., a storage server integrated
with the display 190).

[0047] Thus, certain embodiments accelerate and
increased the productivity of a doctor, sonographer, or other
medical practitioner’s ability to view and diagnose abnor-
malities in a patient’s ultrasound examination. Increased
productivity includes a speed in which a diagnosis may be
performed and an accuracy of reports produced based on the
diagnosis.

[0048] While the invention has been described with ref-
erence to certain embodiments, it will be understood by
those skilled in the art that various changes may be made and
equivalents may be substituted without departing from the
scope of the invention. In addition, many modifications may
be made to adapt a particular sitvation or material to the
teachings of the invention without departing from its scope.
Therefore, it is intended that the invention not be limited to
the particular embodiment disclosed, but that the invention
will include all embodiments falling within the scope of the
appended claims.

What is claimed is:
1. An ultrasound imaging system, comprising:
an ultrasound machine for acquiring ultrasound image
data; and
a processor for converting the ultrasound image data into
a contrast-enhanced three-dimensional (3D) image.
2. The ultrasound imaging system of claim 1, further
comprising a contrast tomography imaging (CTT) processor.
3. The ultrasound imaging system of claim 2, wherein the
CTI processor is adapted to generate CTI image data.
4. The ultrasound imaging system of claim 1, further
comprising a time intensity curve (TIC) processor.
5. The ultrasound imaging system of claim 4, wherein the
TIC processor is adapted to generate TIC image data.
6. An ultrasound imaging system, comprising:
an ultrasound machine for acquiring ultrasound image
data; and
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a processor for converting the ultrasound image data into
a contrast-enhanced four-dimensional (4D) image.

7. The ultrasound imaging system of claim 6, further

comprising a contrast tomography imaging (CTT) processor.

8. The ultrasound imaging system of claim 7, wherein the

CTT processor is adapted to generate CTI image data.

9. The ultrasound imaging system of claim 6, further

comprising a time intensity curve (TIC) processor.

10. The ultrasound imaging system of claim 9, wherein

the TIC processor is adapted to generate TIC image data.

11. A method for acquiring an ultrasound image, com-

prising:

providing an ultrasound machine for acquiring ultrasound
image data; and

providing a processor for converting the ultrasound image
data into a three-dimensional (3D) contrast-enhanced
image.

12. The method of claim 11, further comprising providing

a contrast tomography imaging (CTI) processor.

13. The method of claim 12, wherein the CTI processor is

adapted to generate CTI image data.

14. The method of claim 11, further comprising providing

a time intensity curve (TIC) processor.

15. The method of claim 14, wherein the TIC processor is

adapted to generate TIC image data.

16. A method for acquiring an ultrasound image, com-

prising:

providing an ultrasound machine for acquiring ultrasound
image data; and

providing a processor for converting the ultrasound image
data into a four-dimensional (4D) contrast-enhanced
image.

17. The method of claim 16, further comprising providing

a contrast tomography imaging (CTI) processor.

18. The method of claim 17, wherein the CTI processor is

adapted to generate CTI image data.

19. The method of claim 16, further comprising providing

a time intensity curve (TIC) processor.

20. The method of claim 19, wherein the TIC processor is

adapted to generate TIC image data.

21. A method for acquiring a three-dimensional (3D)

contrast-enhanced ultrasound image, comprising:
providing a contrast-enhancing agent;

providing an ultrasound machine for acquiring ultrasound
image data; and

providing a processor for converting the ultrasound image
data into a three-dimensional (3D) contrast-enhanced
image using the contrast-enhancing agent.

22. A method for acquiring a four-dimensional (4D)

contrast-enhanced ultrasound image, comprising:
providing a contrast-enhancing agent;

providing an ultrasound machine for acquiring ultrasound
image data; and

providing a processor for converting the ultrasound image
data into a four-dimensional (4D) contrast-enhanced
image using the contrast-enhancing agent.

23. A three-dimensional (3D) and four-dimensional (4D)

contrast imaging system, comprising;

an ultrasound machine for acquiring ultrasound image
data;

a 3D/4D processor for converting the ultrasound image
data into at least one contrast-enhanced image that is at
least one of:

a 3D image, and
a 4D image;
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at least one contrast tomography imaging (CTI) processor,

adapted to generate CT1 image data; and

at least one time intensity curve (TIC) processor, adapted

to generate TIC image data.

24. The system of claim 23, further comprising at least
one display, adapted to:

display the at least one contrast-enhanced image, and

display at least one of:

at least one reconstructed CTI image using the at least
one CTI processor, and

at least one TIC curve using the at least one TIC
processor.

25. The system of claim 24, further comprising at least
one storage server capable of storing at least one of:

the at least one contrast-enhanced image,

the CTI image data,

the TIC image data,

the at least one reconstructed CT1 image, and

the at least one TIC curve.

26. The system of claim 24, wherein at least one of:

the at least one contrast-enhanced image,

the at least one reconstructed CT1 image, and

the at least one TIC curve, is displayed on the at least one

display using an image viewer.

27. The system of claim 23, further comprising a volume
signal processor for performing signal processing on at least
one contrast-enhanced image volume.

28. The system of claim 24, wherein the CTI image data
is at least one of:

the at least one reconstructed CT1 image, and

a file containing data to create the at least one recon-

structed CTI image.

29. The system of claim 23, further comprising a volume
measurement processor for viewing a user selected structure
within at least one contrast-enhanced image volume.

30. The system of claim 24, wherein the at least one
reconstructed CTI image is at least one of:

a CTI image in time volume display created from the 4D

image,

a CTI image in time plane display created from the 4D

image, and

a CTI image in space display created in at least one of:

the 3D image, and
one volume from the 4D image.

31. The system of claim 30, wherein an image cut signal
processor performs signal processing on the at least one
reconstructed CTI image.

32. The system of claim 24, wherein TIC curve data is at
least one of:

the at least one TIC curve, and

a file containing data to create the at least one TIC curve.

33. The system of claim 23, wherein the ultrasound
machine uses a transducer probe that sweeps unidirection-
ally to enable control of sweep direction relative to blood
flow when acquiring the ultrasound image data.

34. A method for applying contrast imaging on three-
dimensional (3D) and four-dimensional (4D) images, the
method comprising:

converting image data acquired by an ultrasound machine

into at least one contrast-enhanced image that is at least
one of:

a 3D image, and

a 4D image; and
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generating at least one of:
at least one reconstructed contrast tomography imaging
(CTI) image based on the at least one contrast-
enhanced image using a CTI processor, and
at least one time intensity curve (TIC) curve based on
the at least one contrast-enhanced image using a TIC
processor.

35. The method of claim 34, further comprising storing in
at least one storage server at least one of:

the at least one contrast-enhanced image,

the at least one reconstructed CTI image, and

the at least one TIC curve.

36. The method of claim 34, further comprising display-
ing at least one of:

the at least one contrast-enhanced image,

the at least one reconstructed CTI image, and

the at least one TIC curve.

37. The method of claim 34, wherein the at least one
reconstructed CT1 image includes at least one of:

at least one CTI image in time volume display,

at least one CTI image in time plane display, and

at least one CTI image in space display.

38. The method of claim 34, further comprising enhanc-
ing the at least one contrast-enhanced image by performing
signal processing on at least one image plane of the at least
one contrast-enhanced image using an image cut processor.

39. The method of claim 36, further comprising construct-
ing a volume measurement image using a volume measure-
ment processor for viewing a selected structure within an
image volume.

40. The method of claim 39, wherein the selected struc-
ture is identified by at least one of:

manual selection of structure boundaries by a user,

automatic detection of structure boundaries, and

manual selection of at least one structure boundary by the

user and automatic detection of at least one remaining
structure boundary.

41. The method of claim 34, further comprising improv-
ing the at least one contrast-enhanced image by performing
signal processing on at least one contrast-enhanced image
volume using a volume signal processor.
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42. A computer-readable storage medium including a set
of instructions for a computer, the set of instructions com-
prising:

an image conversion routine for converting image data
acquired by an ultrasound machine into at least one
contrast-enhanced image that is at least one of:

a three-dimensional (3D) image, and
a four-dimensional (4D) image;

a reconstruction routine for reconstructing at least one
contrast tomography imaging (CTI) image based on the
at least one contrast-enhanced image using a CTI
processor; and

a generation routine for generating at least one time
intensity curve (TIC) curve based on the at least one
contrast-enhanced image using a TIC processor.

43. The computer-readable storage medium of claim 42,
wherein the set of instructions further comprises a storage
routine for storing at least one of:

the at least one contrast-enhanced image,

the at least one CTI image, and

the at least one TIC curve.

44. The computer-readable storage medium of claim 42,
wherein the set of instructions further comprises a display
routine for displaying at least one of:

the at least one contrast-enhanced image,

the at least one CTI image, and

the at least one TIC curve.

45. The computer-readable storage medium of claim 42,
wherein the CTI processor includes at least one routine for
at least one of:

reconstructing the at least one CTI image in time volume
display,

reconstructing the at least one CTI image in time plane
display, and

reconstructing the at least one CTI image in space display.

46. The computer-readable storage medium of claim 42,
wherein the set of instructions further comprises an image
cut signal processing routine that performs signal processing
on at least one image plane of the at least one contrast-
enhanced image.
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