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(57) Abstract: An ultrasound system acquires and displays contrast-enhanced ultrasound images as a bolus of contrast agent washes
into and out of a region of interest in the body. During the wash-in, wash-out cycle the operation of the ultrasound system is changed
to optimize system performance for different portions of the contrast cycle. The ultrasound transmission, receive signal processing,
and image processing are among the operations of the ultrasound system which may be changed. The changes in system operation are
invoked automatically at predetermined times or event occurrence during the wash-in, wash-out cycle.
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CONTRAST ENHANCED ULTRASOUND IMAGING WITH
CHANGING SYSTEM OPERATION DURING WASH-IN, WASH-OUT

This invention relates to medical diagnostic
ultrasound systems and, in particular, to ultrasonic
imaging of contrast agent wash-in and wash-out with
changing ultrasound system operation.

The use of ultrasound to image blood flow to
suspected cancerous pathology is often aided by the
use of contrast agents. An ultrasonic contrast agent
is a solution of microbubbles which is infused into
the bloodstream. The microbubbles are highly
echogenic, returning strong echo signals which are
easily detected and highlight regions of blood flow.
Furthermore, the echo signals from microbubbles
contain significant harmonic frequency content,
enabling the microbubble echo signals to be readily
segmented from signals returning from tissue.
Following the commencement of contrast agent
infusion, often in the form of a bolus injection, the
contrast agent in the bloodstream begins to arrive at
a region of interest (ROI) in the body and is readily
discernable as the continuing arrival of the contrast
agent increases the concentration of the agent in the
ROI, first in the larger, faster-flowing vessels and
then in the microvasculature of the surrounding
tissue. This is the so-called “wash-in” phase of the
contrast imaging procedure. Thereafter, the
concentration of the contrast agent declines as the
bolus of contrast agent passes through the ROI and is
filtered out by the lungs. This is the so-called
“wash-out” phase of the procedure. By observing and
measuring the times of the phases and the intensity
of the contrast agent build-up, clinicians are able

to distinguish blood flow characteristics of
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cancerous and normal tissues.

Cancerous lesions are often characterized by the
development of blood vessels which feed the cancerous
lesions. The functioning of these blood vessels is
marked by relatively significant blood flows and the
early arrival of the contrast agent during the wash-
in phase. Thereafter, the contrast agent will light
up the surrounding parenchyma as the contrast agent
begins to decline in the larger vessels during the
wash-out phase. It would be desirable to be able to
control the ultrasound system to use signal and image
processing changes which are specifically tailored to
enhance the detection of these different contrast
agent behaviors during different phases of a contrast
agent imaging procedure.

One of the main regions of the body which
benefits from contrast agent image enhancement is the
liver. Hepatitis B and hepatitis C patients have
been found to be at an increased risk of developing
primary liver cancer, hepatocellular carcinoma (HCC).
Due to the discovery that hepatitis C was being
contracted by patients through blood transfusions in
the early 1980’s, there remain a significant number
of hepatitis C patients who need to be examined
regularly for the onset of HCC, as the lesions are
best treated in their early stages. The usual
progression of the disease is from hepatitis to liver
cirrhosis to HCC. An easy-to—use monitoring
technique for liver disease progression would have
widespread application in assisting in the early
detection of this serious disease.

Since liver lesions, like other cancers, are
most effectively treated when detected early, high-
risk patients should be monitored frequently for

signs of these diseases. But in their early stages
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liver lesions are often difficult to detect through
conventional diagnostic imaging due to their small
size. Thus, clinicians often conduct their diagnoses
to look for other signs that a lesion is developing.
One of these signs is change in the blood flow to the
liver. The liver has a unique blood supply network.
A primary source of fresh blood to the liver is the
arterial inflow from the hepatic artery. But the
liver has a secondary blood supply, the portal vein
in the abdomen. Being both arterial and venous,
these sources of supply function differently. The
pulsatile flow of blood from the hepatic artery
occurs shortly after systole, like other arterial
flow, and the blood supply comes directly from the
heart. The inflow of blood from the portal wvein
occurs later in the heart cycle, and contains blood
which has been filtered by the lungs. It has been
found that the vascular network which develops to
supply blood to a lesion is generally arterial,
whereas the blood supplied to normal parenchyma is
generally venous. Thus, the relative timing and
amount of blood flow from these two sources, if such
can be separately distinguished, can lead to
effective lesion diagnosis. One technique which can
distinguish these different flows of blood is
ultrasonic contrast imaging with microbubble contrast
agents. In a typical procedure, the subject is
infused with either a bolus injection of the contrast
agent, or with continuous infusion of the agent.
Following a bolus injection, a tumor in the liver
will "light up" as it is infused with the arrival of
contrast agent from the hepatic arterial blood
supply. Normal tissue in the liver lights up at a
later time when the bolus of contrast agent enters

the liver through the portal vein after passing
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through the lungs. At this later time the tumor will
appear similar to or less bright than the surrounding
normal tissue. Since these blood flow conditions
occur at different times relative to the start of the
contrast agent infusion and are characterized by
arterial blood flow at one time and venous flow at
another, it would again be desirable to tailor the
operation of the ultrasound system so that it is
optimized to best detect these different blood flows
at the times when they occur during the contrast
agent phases.

In accordance with the principles of the present
invention an ultrasound system is described which
automatically changes system operation during
contrast agent wash—-in, wash—-out to optimize the
system for imaging different states of blood and
contrast flow during a contrast imaging procedure. A
timer tracks the time from the start of infusion or
agent arrival at a region of interest, and one or
more changes in system operation are invoked during
the procedure. Among the operations which may be
optimized for different portions of the procedure are
ultrasound transmission and receive signal
processing, and image processing. The process can be
fully automatic so that changes in system operation
occur without the need for control manipulation by
the user. 1In an alternative embodiment, the user can
decide when the wash-in, wash-out changeover occurs
by, for example, observing the peak of a time-
intensity curve, and actuate a control which changes
multiple transmit/receive parameters at the same
time.

In the drawings:

FIGURE 1 illustrates in block diagram form an

ultrasonic diagnostic imaging system constructed in
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accordance with the principles of the present
invention.

FIGURE 2 illustrates a method for changing the
inclusion of fundamental and harmonic frequency
components in image processing during a contrast
enhanced imaging procedure.

FIGURE 3 illustrates a method for changing the
flow velocity sensitivity and the image noise
reduction during a contrast enhanced imaging
procedure.

FIGURE 4 illustrates a method for changing the
ultrasound pulse transmit frequency during a contrast
enhanced imaging procedure.

FIGURE 5 illustrates a method for changing the
ultrasound transmit pulse length during a contrast
enhanced imaging procedure.

FIGURE 6 illustrates a method for changing the
image frame rate of display during a contrast
enhanced imaging procedure.

Referring first to FIGURE 1, an ultrasound
system constructed in accordance with the principles
of the present invention is shown in block diagram
form. An ultrasound probe 100 includes an array 102
of ultrasonic transducer elements that transmits
ultrasonic pulses and receives ultrasonic echo
signals. The array may be a one-dimensional linear
or curved array for two-dimensional imaging, or may
be a two-dimensional matrix of transducer elements
for electronic beam steering and focusing in two or
three dimensions. The ultrasonic transducer elements
in the array 102 transmit beams of ultrasonic energy
by their timed actuation under control of a transmit
controller 28, and receive echoes returned in
response to each transmission. Echoes from the

transmitted ultrasonic energy are received by the
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transducer elements of the array 102, which generate
echo signals that are coupled through a
transmit/receive (T/R) switch 22 and digitized by
analog to digital converters when the system uses a
digital beamformer 30. Analog beamformers may
alternatively be used. Control of the ultrasound
system and of various control setting for imaging
such as probe selection and ROI (region of interest)
delineation is effected by user manipulation of the
controls of a user control panel 20, such as keys,
pushbuttons, and a trackball or computer mouse, which
is coupled to various circuitry and processors of the
ultrasound system. In the illustrated system the
user controls are coupled to provide user input to
the transmit controller 28, the beamformer 30, a
signal processor 24, and a contrast image processor
38.

The echo signal samples from the transducer
elements of the array 102 are delayed and summed by
the beamformer 30 to form coherent echo signals along
scanline directions for an image. The digital
coherent echo signals are then filtered by the signal
processor 24, which may also perform noise reduction
as by spatial or frequency compounding or persistence
processing. The signal processor can also shift the
frequency band of the coherent echo signals to a
lower or baseband frequency range. The signal
processor can be configured as shown in U.S. Patent
No. 5,833,613 (Averkiou et al.), for example. When
phase information is needed as is the case for
Doppler processing, quadrature (I and Q) demodulation
may also be performed on the echo signals. In this
implementation, the transmit band centered around
frequency f, and the receiver frequency band are

individually controlled so that the beamformer 30 is
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free to receive a band of frequencies which is
different from that of the transmitted band such as
one including a harmonic frequency band around
frequency 2f,.

The beamformed and processed coherent echo
signals are coupled to a nonlinear signal separator
32. The nonlinear signal separator can separate
second harmonic echo signals with a high pass filter,
but preferably it separates harmonic frequencies of
echoes returned from contrast agent microbubbles by
the pulse inversion technique, in which echo signals
resulting from the transmission of multiple,
differently phased (inverted) pulses to an image
location are additively combined to cancel
fundamental signal components and enhance harmonic
components, thus producing echo signals in a harmonic
band 2f,. The harmonic signals can alternatively be
separated by amplitude-modulated pulse inversion as
described in US Pat. 5,577,505 (Brock-Fisher et al.)
The same echo signals are subtractively combined to
produce echo signals in a fundamental frequency band
f,. A preferred pulse inversion technique is
described in U.S. patent 6,186,950 (Averkiou et al.)
and in U.S. patent 5,706,819 (Hwang et al.) for
instance.

Harmonic echo signals from a contrast agent,
such as microbubbles, are coupled to a contrast image
processor 38. Contrast agents are often used to more
clearly delineate blood vessels, or to perform
perfusion studies of the microvasculature of tissue
as described in US Pat. 6,692,438 (Skyba et al.) for
example. In the implementation shown in FIGURE 1,
echoes from a contrast agent are used to produce both
contrast images and time-intensity curves (TICs) from

selected ROIs (individual pixel locations or groups
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of pixels) in an image field. For parametric
contrast images, a 3 by 3 group of pixels is
preferred for a pixel area from which to form a time-
intensity curve. The contrast image processor
produces an anatomical contrast image by amplitude
(or envelope) detection of the harmonic frequency
echoes from each point in the image field. One way
to do this when the echoes are quadrature demodulated
is to calculate the signal amplitude at each pixel
location in the form of (12+Q2f{ These contrast
intensity signals are mapped to the desired display
format by scan conversion which converts samples from
R-6 coordinates to Cartesian (x,y) coordinates for
display of a spatially defined image.

The fundamental frequency echo signals are
coupled to a B mode processor 36 which produces a
standard B mode tissue image. The B mode processor
performs in the same manner as the contrast image
processor, but operates on fundamental frequency
echoes. The echo signals are amplitude (envelope)
detected and scan converted to produce a spatially
delineated image of tissue in the image field. The
contrast and B mode images are coupled to a display
processor 40 which performs the processing needed to
display the images on an image display 42. This may
include displaying two images at the same time, side-
by-side. It may also comprise overlaying perfusion
parameter colors over the B mode images so that
perfusion parameters are shown in relation to the
tissue structure in which the contrast agent which
led to the calculation of the parameters is located.

The harmonic frequency signals returned from
contrast agent microbubbles may also be used to
measure contrast wash-in and wash-out by forming

time-intensity curves of the contrast wash-in and
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wash-out. Time-intensity curves are formed by a TIC
processor 34 for each point (pixel) in a contrast
image. Using the harmonic signal amplitudes acquired
during wash-in and wash-out of the contrast agent,
curves of contrast intensity at each pixel location
are calculated by the TIC processor as described in
US pat. pub. no. 2011/0208061 (Chang). The curves
are then converted by the TIC processor into a
preferred display parameter, such as instantaneous
contrast perfusion, peak contrast perfusion, or
perfusion rate. A particular time-intensity curve
for a chosen location in an ROI can also be
graphically displayed by a graphics processor 26.
For a parametric perfusion image, the desired
parameter for each curve at each pixel location in
the ROI is applied to a color map look-up table in
the graphics processor 26, where the parameters are
converted to corresponding color values. The colors
can be those of a range of colors as is done for
colorflow imaging, for instance. The resulting map
or maps of color parameters are then overlaid over an
anatomically corresponding B mode or contrast image,
which produces a parametric image of perfusion. The
image is coupled to the display processor 40, which
displays the parametric image on the image display
42, either alone or side-by-side with a contrast
image or a B mode image from the B mode processor.

In accordance with the principles of the present
invention, the ultrasound system of FIGURE 1 has a
contrast timer 50, which tracks the time elapsed from
an injection of contrast agent or from the arrival of
a bolus of contrast at an ROI, the latter being
automatically detectable by the detection of an
increase in harmonic content of echo signals from the

ROI. The time measure is coupled to a change



WO 2021/023651 PCT/EP2020/071644

10

15

20

25

30

35

-1 O_

controller 52, which institutes one or more changes
in system operation at one or more times during
contrast agent infusion. Alternatively, the change
controller can be actuated by the user upon
observation of a pre-determined event such as the
peak of the time-intensity curve. In this way,
desired changes in system operation, which optimize
the system for imaging during pre-determined periods
of contrast wash-in, wash-out, are caused to occur by
operation of the change controller. The change
controller is coupled to the transmit controller 28
to effect desired changes in ultrasound transmit
operation; to the beamformer 30 to effect desired
changes in beamforming operation; to the signal
processor 24 to effect desired changes in signal
processing; and to the contrast image processor 38 to
effect desired changes in contrast image processing.
Through operation of the contrast timer and the
change controller, changes in system operation during
a contrast imaging procedure are caused to occur
automatically without the need for the clinician to
divert his attention from the ultrasound images as a
contrast agent is applied to and passes through the
body in its wash-in and wash-out phases.

One example of the use of the system of FIGURE 1
to optimize a contrast-enhanced imaging procedure is
shown in FIGURE 2. 1In this example, the blood flow
in the vasculature of a developing lesion is being
examined. Since the flow velocity in vessels feeding
the lesion will be greater than that which infuses
the microvasculature of the surrounding normal
parenchyma, and the flow of contrast in these larger
vessels will occur earlier in the wash-in, wash-out
cycle than the parenchyma perfusion, the system is

optimized to be sensitive to early stage, high
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velocity flow. In step 60 of the procedure, an
infusion of contrast agent into the subject’s
bloodstream is started. The clinician presses a
button on the control panel 20, which starts the
contrast timer 50 in step 62. At the initiation of
contrast infusion, the system is set up in step 64 to
include fundamental frequency signal components in
image processing by the contrast image processor.
When the nonlinear signal separation is being
performed by the pulse inversion technique, it is
important that there be little or no motion in the
image field so that the echoes returned from the two
transmit events are complementary. But when the
echoes are returning from flowing blood, this is not
the case due to motion, and the pulse inversion
process then is in effect acting as a two-pulse
motion detector. This is ideal for detecting the
blood flow in vessels of a lesion, and so the system
is set up at this time to apply these motion-
sensitive signals in the fundamental frequency band
to the contrast image processor for imaging this
blood flow motion. The contrast image processor can
also be conditioned during this time to operate as a
Doppler detector, producing measures of the flow
velocity in the vessels for imaging. A velocity
image is produced by the contrast image processor 38,
which overlays a tissue image produced by the B mode
processor 36 to depict blood flow velocity in blood
vessels, which is displayed to the clinician in step
68. In these ways, the ultrasound system is
conditioned at this time to be sensitive to
relatively high velocity blood flow in blood vessels
feeding a lesion.

As the infusion of contrast continues the

contrast agent will begin to flow in the
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microvasculature of the parenchyma as well as the
vessels of the lesion. To optimally view both areas
of contrast, the contrast timer 50 triggers the
change controller 52 at a later time in the wash-in,
wash-out cycle to change the image processing. The
change command to the contrast image processor 38
ends the use of fundamental signals by the contrast
image processor in step 64, which now produces
contrast images with harmonic signals from the
nonlinear signal separator 32 as shown by step 66.
The parenchyma will light up with harmonic contrast
signals at this time. Harmonic contrast images are
now displayed to the clinician in step 68, and both
the vascular flow and the parenchymal perfusion can
now be observed by the clinician. This change in
system optimization occurs automatically at a
predetermined time in the contrast infusion process,
without the need to distract the clinician to
manipulate any control panel controls as the
continually changing contrast images are being
observed.

Another example of the use of the system of
FIGURE 1 to optimize a contrast-enhanced imaging
procedure is shown in FIGURE 3. Steps 60, 62 and 68
have been previously described. In this second
example, the ultrasound system is initially
conditioned to be sensitive for high blood flow
velocity detection, as shown in step 70. In
particular, image noise reduction efforts are
minimized, particularly those that use temporal
processing for noise reduction. Thus, frame-to-frame
changes in high wvelocity flow such as the arrival of
the contrast agent in larger vessels can be observed
without temporal blurring. When the contrast agent

has arrived in all areas of the region of interest
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later in the wash-in, wash-out cycle and has begun to
stabilize, the change controller 52 initiates a
change in step 72 to greater noise reduction
processing so that the relatively stationary
microbubbles in the parenchyma can be clearly
observed. This may be done, for example, by
commanding the transmit controller 28, the beamformer
30, and the signal processor 24 to spatially compound
multiple images to reduce speckle noise in the
images. Another example is commanding the initiation
of persistence processing of successive images by the
signal processor. In this later stage of the
infusion process, the system is optimized for greater
clarity of the parenchymal perfusion.

Another example of the use of the system of
FIGURE 1 to optimize a contrast-enhanced imaging
procedure is shown in FIGURE 4. In this example, the
ultrasound system initially begins imaging with lower
transmit pulse frequencies as shown in step 80. The
use of lower pulse frequencies by the transmit
controller 28 and transducer array 102 causes greater
resonance and hence greater echo signal returns from
larger microbubbles of the contrast agent. Larger
microbubbles would be expected to flow in the larger
blood vessels of a lesion, for example. In liver
diagnosis, larger microbubbles would be expected in
arterial blood flow which comes directly from the
heart, as compared with venous flow during the portal
stage where the blood has been filtered by the lungs
and primarily only smaller microbubbles remain. The
optimization of the lower transmit frequencies
enables the arterial flow to be more readily
distinguished from the portal flow in a contrast-
enhanced liver exam.

When the contrast timer has reached a
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predetermined time of the contrast procedure, the
change controller 52 causes the transmit controller
28 to change to the use of higher transmit pulse
frequencies, as shown in step 82. The higher pulse
frequencies will resonate most strongly with smaller
microbubbles of the contrast agent. This will, for
instance, optimize the ultrasound system for imaging
the contrast agent in the parenchyma, where the
microvasculature is too fine to allow passage of
larger microbubbles. It will also optimize the
system toward more optimal imaging of portal flows
during a liver exam, where the blood flow will be
largely populated by smaller microbubbles. The
change controller, in this example, is changing the
transmit signal processing of the system.

Another example of the use of the system of
FIGURE 1 to optimize a contrast-enhanced imaging
procedure, again through transmit control, is shown
in FIGURE 5. 1In this example, the ultrasound system
is initially conditioned to transmit shorter pulses
(fewer cycles) during the initial portion of the
wash-in, wash-out cycle as shown in step 90. The use
of short transmit pulses is well suited to the
initial arrival of the contrast bolus, when contrast
flow velocities in an ROI are relatively high and
velocity detection is being performed by the contrast
image processor. Later in the wash-out phase of the
cycle, after the parenchyma has become perfused and
flow velocities are lower, the sensitivity for low
flow detection is improved by the use of longer
transmit pulses as shown by step 92. The change
controller 52 causes a change by the transmit
controller 28 to the use of longer transmit pulses
during the latter portion of the wash-in, wash-out

cycle for greater flow sensitivity in the images.
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Another example of the use of the system of
FIGURE 1 to optimize a contrast-enhanced imaging
procedure is shown in FIGURE 6. In this example, the
ultrasound system is initially conditioned to
optimally image rapid changes in contrast flow by
using a higher frame rate of display during the wash-
in phase, as shown in step 100. This enables clearer
imaging of the rapid build-up of contrast agent in
the ROI as the bolus of contrast arrives in the blood
vessels of the ROI. It can also provide clearer
images of the arterial flow during liver contrast
imaging procedures. During the wash-out phase of the
procedure, there is no longer a rapid build-up of
contrast, but a slow decline in the concentration of
contrast in the ROI. For this phase, the change
controller 52 commands the transmit, receive, and
signal processing components of the ultrasound system
to change to a lower frame rate of display as shown
in step 102, which is well suited to more slowly
changing conditions in the ROI. For example, the
lower frame rate could be traded-off for better
spatial resolution (by increasing the line density)
or longer bubble lasting times (by reducing the
number of transmit events per second) .

Other variations and modifications will readily
occur to those skilled in the art. The different
changes shown in the example can be combined, for
example. For instance, the frame rate change of the
method of FIGURE 6 can also be combined with change
of the transmit pulse frequency or length as
illustrated in FIGURES 4 and 5, and the initiation of
more noise reduction as shown in FIGURE 3. The
changes invoked by the change controller do not have
to be instantaneous, but can be slower transitional

changes occurring gradually over time. 1In
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implementations having a TIC processor 34, it is
possible to replace the contrast timer with a time-
intensity curve produced by the TIC processor, with
changes in system operation occurring in relation to
the time, duration or flow events demarcated by the
time-intensity curve. The changes in system
operation can thus occur in response to events of the
wash-in, wash-out cycle, such as the occurrence of
the peak of contrast wash-in. Other changes to the
receive signal path which can be invoked to improve
diagnostic performance include gain/TGC increases
during washout to improve signal sensitivity; dynamic
range reduction during washout to improve signal
conspicuity; and image processing algorithm changes
during washout to take account of the diffused nature
of the bubble response in the late phase as compared
to the single-bubble response commonly encountered
during the arterial phase.

It should be noted that an ultrasound system
which acquires contrast echo signal data and
processed it to form an optimized contrast image, and
in particular the component structure of the
ultrasound system of FIGURE 1, may be implemented in
hardware, software or a combination thereof. The
various embodiments and/or components of an
ultrasound system, for example, the modules, or
components and controllers therein, also may be
implemented as part of one or more computers or
microprocessors. The computer or processor may
include a computing device, an input device, a
display unit and an interface, for example, for
accessing the Internet. The computer or processor
may include a microprocessor. The microprocessor may
be connected to a communication bus, for example, to

access a PACS system which stores previously acquired
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_l 7—
contrast images. The computer or processor may also
include a memory. The memory devices, such as a

memory storing predetermined change times for the
change controller 52, may include Random Access
Memory (RAM) and Read Only Memory (ROM). The
computer or processor further may include a storage
device, which may be a hard disk drive or a removable
storage drive such as a floppy disk drive, optical
disk drive, solid-state thumb drive, and the like.
The storage device may also be other similar means
for loading computer programs or other instructions
into the computer or processor.

As used herein, the term "computer" or "module"
or “processor” may include any processor-based or
microprocessor-based system including systems using
microcontrollers, reduced instruction set computers
(RISC), ASICs, logic circuits, and any other circuit
or processor capable of executing the functions
described herein. The above examples are exemplary
only, and are thus not intended to limit in any way
the definition and/or meaning of these terms.

The computer or processor executes a set of
instructions that are stored in one or more storage
elements, in order to process input data. The
storage elements may also store data or other
information as desired or needed. The storage
element may be in the form of an information source
or a physical memory element within a processing
machine.

The set of instructions of an ultrasound system
including the acquisition of contrast data and the
calculation of time-intensity curves and parameters
described above may include various commands that
instruct a computer or processor as a processing

machine to perform specific operations such as the
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methods and processes of the various embodiments of
the invention. The set of instructions may be in the
form of a software program. The software may be in
various forms such as system software or application
software and which may be embodied as a tangible and
non-transitory computer readable medium. Further,
the software may be in the form of a collection of
separate programs or modules, a program module within
a larger program or a portion of a program module.
The software also may include modular programming in
the form of object-oriented programming. The
processing of input data by the processing machine
may be in response to operator commands, or in
response to results of previous processing, or in
response to a request made by another processing
machine.

Furthermore, the limitations of the following
claims are not written in means-plus-function format
and are not intended to be interpreted based on 35
U.S.C. 112, sixth paragraph, unless and until such
claim limitations expressly use the phrase "means
for"™ followed by a statement of function devoid of

further structure.
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WHAT IS CLAIMED IS:

1. An ultrasonic diagnostic imaging system
which produces contrast-enhanced images comprising:

a transducer array probe (100) adapted to
transmit ultrasound pulses and receive echo signals;

a transmit controller (28) coupled to the
transducer array probe;

a beamformer (30) coupled to the transducer
array probe and adapted to produce coherent echo
signals;

a signal processor (24) coupled to the
beamformer;

a contrast image processor (38) coupled to the
signal processor and adapted to produce contrast-
enhanced ultrasound images;

an image display (42) adapted to display the
contrast-enhanced ultrasound images;

a contrast timer (50) adapted to track time from
the start of contrast agent infusion or contrast
agent arrival at a region of interest; and

a change controller (52), responsive to the
contrast timer, which is adapted to cause a change in
operation of one or more of the transmit controller,
the beamformer, the signal processor, or the contrast
image processor during a cycle of contrast agent

wash-in, wash-out.

2. The ultrasonic diagnostic imeging system of
Claim 1, wherein the change controller is further
adapted to cause a change in the use of fundamental

frequency components by the contrast image processor.

3. The ultrasonic diagnostic imaging system of

Claim 2, wherein the change controller is further

2018PF00646
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adapted to cause a change from use of fundamental
frequency components to use of harmonic frequency
components by the contrast image processor at a
predetermined time during a cycle of contrast agent

wash-in, wash-out.

4., The ultrasonic diagnostic imaging system of
Claim 1, wherein the change controller is further
adapted to cause a change in blood flow velocity
sensitivity by the contrast image processor at a
predetermined time during a cycle of contrast agent

wash-in, wash-out.

5. The ultrasonic diagnostic imaging system of
Claim 1, wherein the change controller is further
adapted to cause a change in the amount of noise
reduction at a predetermined time during a cycle of
contrast agent wash-in, wash-out.

6. The ultrasonic diagnostic imaging system of
Claim 1, wherein the change controller is further
adapted to cause a change in transmit frequency

controlled by the transmit controller.

7. The ultrasonic diagnostic imaging system of
Claim 6, wherein the change controller is further
adapted to cause a change in transmit pulse frequency
of the transducer array probe from lower frequencies
to higher frequencies during a cycle of contrast

agent wash-in, wash-out.
8. The ultrasonic diagnostic imaging system of
Claim 1, wherein the change controller is further

adapted to cause a change in transmit pulse length

controlled by the transmit controller.

2018PF00646
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9. The ultrasonic diagnostic imaging system of
Claim 8, wherein the change controller is further
adapted to cause a change in transmit pulse length of
the transducer array probe from shorter pulses to
longer pulses during a cycle of contrast agent wash-

in, wash-out.

10. The ultrasonic diagnostic imaging system of
Claim 1, wherein the change controller is further
adapted to cause a change in image frame rate during

a cycle of contrast agent wash-in, wash-out.

11. The ultrasonic diagnostic imaging system of
Claim 10, wherein the change controller is further
adapted to cause a change in image frame rate from a
high frame rate to a lower frame rate during a cycle

of contrast agent wash-in, wash-out.

12. The ultrasonic diagnostic imaging system of
Claim 1, further comprising a nonlinear signal
separator, coupled to receive ultrasound echo signals
acquired in the presence of contrast agent flow, and

configured to produce harmonic echo signal data.

13. The ultrasonic diagnostic imaging system of
Claim 12, wherein the nonlinear signal separator is
further configured to produce one or both of harmonic

echo signal data or fundamental echo signal data.

14. The ultrasonic diagnostic imaging system of
Claim 1, further comprising a time-intensity curve
processor, responsive to echo signal data from
contrast flow, which is configured to produce time-

intensity curves of contrast flow in a region of

2018PF00646
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interest.

15. The ultrasonic diagnostic imaging system of
Claim 14, wherein the contrast timer further
5 comprises the time-intensity curve processor,
wherein the change controller is further
responsive to a time-intensity curve to cause a

change in operation of the ultrasonic system.

10 l16. A method for changing an ultrasound
diagnostic imaging system operation during a contrast
enhanced imaging procedure, comprising the steps of:

receiving at an ultrasound diagnostic imaging
system an input of an ultrasound image signal for a
15 period of time;
receiving at the ultrasound diagnostic imaging
system an input of a contrast agent infusion start
time;
measuring with a contrast timer an elapsed time
20 from the start time; and
changing, based on the measuring step, an
operation of the ultrasound diagnostic imaging

system.

25 17. The method of Claim 16, wherein the changing
step comprises a change in operation of one or more
of an ultrasound diagnostic imaging system transmit
controller, a beamformer, a signal processor, and a
contrast image processor during a cycle of contrast

30 agent wash-in, wash-out.

18. A computer program product embodied in a
non-volatile computer readable medium and providing
35 instructions to change an ultrasound diagnostic

imaging system operation during a contrast enhanced

2018PF00646
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15

imaging procedure, the instructions comprising the
steps of:

receiving at an ultrasound diagnostic imaging
system an input of an ultrasound image signal for a
preriod of time;

receiving at the ultrasound diagnostic imaging
system an input of a contrast agent infusion start
time;

measuring with a contrast timer an elapsed time
from the start time; and

changing, based on the measuring step, an
operation of the ultrasound diagnostic imaging

system.
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