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ULTRASOUND IMAGING SYSTEM AND
METHOD

FIELD OF THE INVENTION

[0001] The present invention relates to ultrasound imag-
ing, particularly to contrast-enhanced ultrasound imaging.

BACKGROUND OF THE INVENTION

[0002] Contrast-enthanced ultrasound plays an increas-
ingly important role in the characterization of tumors of
various organs. In contrast-enhanced ultrasound imaging,
the ultrasound data of an imaging region corresponding to a
target organ or location of a body is continuously acquired
when contrast agent washes into and out of the imaging
region. In order to have quantitative measures for the
wash-in and wash-out process of the contrast agent, a
time-intensity curve that represents the contrast intensity as
a function of time is often derived from the ultrasound data
and various perfusion parameters may be further derived
from the time-intensity curve. Typical perfusion parameters
include: area under the curve parameter, peak intensity
parameter, time to peak parameter, wash-in time parameter,
wash-out time parameter, wash-in rate parameter, wash-out
rate parameter, arrival time parameter, mean transit time
parameter, rising time parameter, etc.

[0003] International patent application
WO02009093211A1 (Michalakis et al.) describes that it is
desirable that such quantitative measures be repeatable and
immune to variations from one imaging procedure to the
next, such as variation of the contrast agent injection, patient
cardiac output, and ultrasound machine settings which may
differ from one examination day to another, and it is pro-
posed to manually identify a region of normal tissue and
then compute a wash-in parameter ratio of a region of
interest, such as a tumor region, as a ratio of the wash-in
parameter of the region of interest and the wash-in param-
eter of the region of normal tissue. The effects of the
aforementioned variations on the wash-in parameter of the
region of interest are reduced by dividing it by a reference
wash-in parameter, i.e. the wash-in parameter of normal
tissue.

[0004] However, since different operators may identify
different regions as the region of normal tissue, and even the
same operator may identify different regions as the region of
normal tissue in different imaging procedures, the computed
wash-in parameter ratio is dependent on operators’ manual
manipulations.

[0005] US 2005/065432 A1 discloses a blood-flow analy-
sis apparatus for analyzing the time intensity curve for each
pixel of region of interest of time-series images collected by
photographing a desired region of a sample over time with
a mechanical modality by applying a tracer to the blood of
the sample. The analysis apparatus includes a calculation
unit for calculating parameters indicative of blood-flow
dynamics peculiar to the measured tissue of the sample as a
ratio to or difference from parameters at a desired reference
region on the basis of only the time intensity curve of the
measured tissue, and a visual-information presentation unit
for visually presenting the calculations by the calculation
unit.

SUMMARY OF THE INVENTION

[0006] Therefore, it would be advantageous to provide an
improved ultrasound imaging system and method of calcu-
lating a perfusion parameter of a contrast agent.
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[0007] 1In accordance with an embodiment of a first aspect
of the present invention, there is proposed an ultrasound
imaging system. The ultrasound system comprises: an ultra-
sound probe configured to acquire a sequence of ultrasound
data of an imaging region of a subject when a contrast agent
is perfused in the imaging region; a time-intensity curve
calculator configured to calculate a time-intensity curve of
the contrast agent for each region unit of a plurality of region
units of the imaging region, based on the acquired sequence
of ultrasound data, each region unit comprising one or more
points of the imaging region; a reference selector configured
to select, among the plurality of region units, a first, second
and third set of region units respectively corresponding to
normal tissue, vessel and background noise, based on the
time-intensity curves; a perfusion parameter calculator con-
figured to calculate a perfusion parameter for each of one or
more region units of the first set of region units and a
perfusion parameter for a region of interest in the imaging
region, based on the calculated time-intensity curves; a
reference perfusion parameter calculator configured to cal-
culate a reference perfusion parameter, based on the perfu-
sion parameters of the one or more region units; and a ratio
calculator configured to calculate a ratio value for the region
of interest as a ratio of the perfusion parameter of the region
of interest and the reference perfusion parameter. The person
skilled in the art would appreciate that the first set of region
units corresponding to normal tissue refers to a set of region
units of which each region unit corresponds to normal tissue,
and a region unit corresponding to normal tissue refers to a
region unit where its image value indicate that normal tissue
is located. Analogy thereto, a region unit corresponding to
vessel refers to a region unit where its image value indicate
that vessel is located, and a region unit corresponding to
background noise refers to region unit where its image value
belongs to background noise.

[0008] In this way, the reference perfusion parameter is
calculated based on the automatically selected first, second
and third sets of region units which correspond respectively
to normal tissue, vessel and background noise, and there-
fore, the calculation of the reference perfusion parameter
requires no manual manipulation, and thus the calculated
reference perfusion parameters are operator-independent.
Furthermore, the inventors of the present application have
recognized that almost each region unit falls into one of the
following three classifications: normal tissue, vessel and
background noise, and propose to make use of such prior-
knowledge to select all the first, second and third sets of
regions respectively corresponding to normal tissue, vessel
and background noise, which results in more reliable iden-
tification of normal tissue and/or better differentiation of
normal tissue from the others like vessel and background
noise.

[0009] The imaging region can be a 2D imaging plane or
a 3D imaging volume. The perfusion parameters can be any
kind of parameters currently defined, such as: area under the
curve parameter, peak intensity parameter, time to peak
parameter, wash-in time parameter, wash-out time param-
eter, wash-in rate parameter, wash-out rate parameter, arrival
time parameter, mean transit time parameter, rising time
parameter , or defined in future based on the time-intensity
curve.

[0010] In case that each region unit comprises more points
of the imaging region, the region units can be distinct from
each other or can partially overlap.
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[0011] The one or more region units in the first set of
region units can comprise any predetermined number of
region units or all region units in the first set of region units.
Preferably, the selected one or more region units comprise
more than one region units. Typically, in case of a larger
number of the selected one or more region units, the
calculated reference perfusion parameter can be more stable
and/or reliable.

[0012] The region of interest can comprise one or more
region units. The region of interest can be automatically
identified or manually indicated by the operator.

[0013] In accordance with a further embodiment of the
present invention, the first, second and third sets of region
units are selected based on dynamic behavior of the calcu-
lated time-intensity curves. The inventors of the present
invention recognize that the dynamic behavior of the time-
intensity curve indicates how the intensity of the contrast
continuously changes over time, and thus can be used to
distinguish normal tissue from vessels and background
noise. By using the dynamic behavior of the time-intensity
curve, the first, second and third sets of region units respec-
tively corresponding to normal tissue, vessel and back-
ground noise can be selected in a more reliable way.
[0014] Inanembodiment, the first, second and third sets of
region units are selected based on at least one feature
indicating the dynamic behavior of the calculated time-
intensity curves. The at least one feature can include any
kinds of features indicating the dynamic behavior of the
calculated time-intensity curves, such as: area under the
curve parameter, peak intensity parameter, time to peak
parameter, wash-in time parameter, wash-out time param-
eter, wash-in rate parameter, wash-out rate parameter, arrival
time parameter, mean transit time parameter, rising time
parameter.

[0015] In another embodiment, the first, second and third
sets of region units are selected by inputting the calculated
time-intensity curves into a clustering analyzer. Typical
clustering analyzer utilizes machine-learning, and is config-
ured to select the first, second and third sets of region units,
based on the whole time-intensity curve without any need
for predefining any feature. The clustering analyzer can
perform any existing clustering methods, such as k means
clustering and expectation maximization, or any suitable
clustering methods developed in the future. In some embodi-
ments, the clustering analyzer can perform the clustering by
starting with a random initial first, second and third sets of
region units. In some other embodiments, the clustering
analyzer can perform the clustering by starting with prede-
termined initial first, second, and third sets of regions units.
[0016] In accordance with a further embodiment of the
present invention, the first, second and third sets of region
units are selected by classifying the plurality of region units
into the first, second and third sets of region units based on
predetermined initial first, second and third sets of region
units. The classification can be performed by using a cluster
analyzer or any other suitable approach.

[0017] In an example, the predetermined initial first, sec-
ond and third sets of region units can be determined based
on one or more statistics about a feature of the time-intensity
curve for the plurality of region units. In particular, the
feature of the time-intensity curve is one of: area under
curve, peak intensity value and mean intensity value, and the
one or more statistics comprise mean and standard devia-
tion. In another example, the predetermined initial first,
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second and third sets of region units can be determined
based on historical data and thus can be predetermined prior
to acquiring the sequence of ultrasound data of the imaging
region.

[0018] With the predetermined initial first, second and
third set of region units, the classification or clustering based
thereon can require less time, and the results can be more
reliable.

[0019] In accordance with a further embodiment of the
present invention, the perfusion parameter calculator is
further configured to calculate a perfusion parameter for
each region unit of the plurality of region units; and the ratio
calculator is further configured to calculate, for each region
unit, a ratio value as a ratio of the perfusion parameter of the
region unit and the reference perfusion parameter.

[0020] In this way, the ratio value is calculated for each
region unit of the imaging region. Thus, the ratio values are
calculated without the need for setting any region of interest,
whether automatically or manually, and the ratio values for
all region units can provide more information for the clini-
cian or for further processing steps.

[0021] In accordance with a further embodiment of the
present invention, the reference selector is further config-
ured to divide the imaging region into a plurality of seg-
ments, each segment being located at a different depth level,
and to select the one or more region units from the first set
of region units, the one or more region units being located
in the segment where the region of interest is located. In
particular, the reference perfusion parameter calculator can
be configured to calculate, for each segment of the plurality
of segments, a reference perfusion parameter, based on one
or more region units of the selected first set of region units
located in that segment.

[0022] The inventors of the present invention have recog-
nized that the signal intensity of an ultrasound echo signal
decreases as the depth increases, due to acoustic attenuation
along the propagation path, and thus the intensity value of
the contrast agent for a region unit derived from the ultra-
sound data is higher than that of a region unit at a deeper
location even if there is the same amount of contrast agent.
Accordingly, the inventors of the present invention propose
not to use always a same reference perfusion parameter for
calculating the ratio value regardless of where the region of
interest is located, but to use different reference perfusion
parameters for regions of interest located at different depth
levels. In this way, the various acoustic attenuation levels
affecting regions at different depth levels can be reduced or
eliminated.

[0023] In accordance with a further embodiment of the
present invention, the ultrasound imaging system further
comprises an image encoder configured to produce corre-
sponding display values for the ratio values; and a display
configured to display the display values as a ratio image.
Additionally, the image encoder is further configured to
encode ratio values with distinctive coloring or shading.
[0024] In accordance with an embodiment of a second
aspect of the present invention, there is proposed an ultra-
sound imaging method. The ultrasound imaging method
comprises: acquiring a sequence of ultrasound data of an
imaging region of a subject when a contrast agent is perfused
in the imaging region; calculating a time-intensity curve of
the contrast agent for each region unit of a plurality of region
units of the imaging region, based on the acquired sequence
of ultrasound data, each region unit comprising one or more
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points of the imaging region; selecting, among the plurality
of region units, a first, second and third set of region units
respectively corresponding to normal tissue, vessel and
background noise, based on the time-intensity curves; cal-
culating a perfusion parameter for each of one or more
region units of the first set of regions and a perfusion
parameter for a region of interest in the imaging region,
based on the calculated time-intensity curves; calculating a
reference perfusion parameter based on the perfusion param-
eters of the one or more region units; and calculating a ratio
value for the region of interest as a ratio of the perfusion
parameter of the region of interest and the reference perfu-
sion parameter.

[0025] Inaccordance with an embodiment of a third aspect
of the present invention, there is provided an apparatus for
calculating a perfusion parameter ratio for a region of
interest in an imaging region. The apparatus comprises: a
receiver configured to receive a time-intensity curve of the
contrast agent for each region unit of a plurality of region
units of the imaging region, each region unit comprising one
or more points of the imaging region; a reference selector
configured to select, among the plurality of region units, a
first, second and third set of region units respectively cor-
responding to normal tissue, vessel and background noise,
based on the time-intensity curves; a perfusion parameter
calculator configured to calculate a perfusion parameter for
each of one or more region units of the first set of region
units and a perfusion parameter for a region of interest,
based on the calculated time-intensity curves; a reference
perfusion parameter calculator configured to calculate a
reference perfusion parameter, based on the perfusion
parameters of the one or more region units; and a ratio
calculator configured to calculate a ratio value for the region
of interest as a ratio of the perfusion parameter of the region
of interest and the reference perfusion parameter.

[0026] In accordance with an embodiment of a fourth
aspect of the present invention, there is provided a method
of calculating a perfusion parameter ratio for a region of
interest in an imaging region. The method of calculating a
perfusion parameter comprises: receiving a time-intensity
curve of a contrast agent for each region unit of a plurality
of region units of an imaging region of a subject, each region
unit comptising one or more points of the imaging region;
selecting, among the plurality of region units, a first, second
and third set of region units respectively corresponding to
normal tissue, vessel and background noise, based on the
time-intensity curves; calculating a perfusion parameter for
each of one or more region units of the first set of region
units and a perfusion parameter for a region of interest,
based on the calculated time-intensity curves; calculating a
reference perfusion parameter based on the perfusion param-
eters of the selected one or more region units; and calculat-
ing a ratio value for the region of interest as a ratio of the
perfusion parameter of the region of interest and the refer-
ence perfusion parameter.

[0027] In accordance with an embodiment of a fourth
aspect of the present invention, there is provided a computer
product, comprising computer program instructions, which,
when executed, performs the method of calculating a per-
fusion parameter.

[0028] Other objects and advantages of the present inven-
tion will become more apparent and can be easily under-
stood with reference to the description made in combination
with the accompanying drawings.
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[0029] DESCRIPTION OF THE DRAWINGS

[0030] The present invention will be described and
explained hereinafter in more detail in combination with
embodiments and with reference to the drawings, wherein:
[0031] FIG. 1 illustrates, in block diagram form, an ultra-
sound imaging system constructed in accordance with an
embodiment of the present invention;

[0032] FIG. 2 illustrates, in block diagram form, an appa-
ratus for calculating a ratio value of a perfusion parameter in
a contrast-enhanced ultrasound imaging procedure in accor-
dance with an embodiment of the present invention;
[0033] FIG. 3 illustrates, in a block diagram, a method of
calculating a ratio value of a perfusion parameter in a
contrast-enhanced ultrasound imaging procedure in accor-
dance with an embodiment of the present invention;
[0034] FIG. 4 illustrates a typical time-intensity curve for
each of: normal tissue, vessels, and background noise;
[0035] FIG. 5 illustrates an exemplary ratio image; and
[0036] FIG. 6 illustrates an imaging region being seg-
mented into a plurality of segments in accordance with an
embodiment of the present invention.

[0037] The same reference signs in the figures indicate
similar or corresponding features and/or functionalities.

DETAILED DESCRIPTION

[0038] The present invention will be described with
respect to particular embodiments and with reference to
certain drawings, but the invention is not limited thereto but
only by the claims. The drawings described are only sche-
matic and are non-limiting. In the drawings, the size of some
of the elements may be exaggerated and not drawn to scale
for illustrative purposes.

[0039] Referring first to FIG. 1, an ultrasound system
constructed in accordance with an embodiment of the pres-
ent invention is shown in block diagram form. This system
operates by scanning a two or three dimensional region of
the body being imaged with ultrasonic transmit beams. The
two or three dimensional region is often referred to as
imaging region. As each beam is transmitted along its
steered path through the body, the beam returns echo signals
with linear and nonlinear (fundamental and harmonic fre-
quency) components corresponding to the transmitted fre-
quency components. The transmit signals are modulated by
the nonlinear response of contrast agent microbubbles
encountered by the beam, thereby generating echo signals
with harmonic components.

[0040] The ultrasound system of FIG. 1 utilizes a trans-
mitter 16 which transmits waves or pulses of a selected
modulation characteristic in a desired beam direction for the
return of harmonic echo components from scatters within
the body. The transmitter is responsive to a number of
control parameters which determine the characteristics of
the transmit beams, including the frequency components of
the transmit beam, their relative intensities or amplitudes,
and the phase or polarity of the transmit signals. The
transmitter is coupled by a transmit/receive switch 14 to the
elements of an array transducer 12 of an ultrasound probe
10. The array transducer can be a one-dimensional array for
planar (two-dimensional) imaging or a two-dimensional
array for two-dimensional or volumetric (three-dimensional)
imaging.

[0041] The transducer array 12 receives echoes from the
body containing fundamental (linear) and harmonic (non-
linear) frequency components which are within the trans-
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ducer passband. These echo signals are coupled by the
switch 14 to a beamformer 18, which appropriately delays
echo signals from the different transducer elements and
which then combines them to form a sequence of linear and
harmonic signals along the beam from shallow to greater
depths. Preferably, the beamformer is a digital beamformer
operating on digitized echo signals to produce a sequence of
discrete coherent digital echo signals from a near-field to a
far-field depth of the image. The beamformer may be a
multiline beamformer which produces two or more
sequences of echo signals along multiple spatially distinct
receive scanlines in response to a single transmit beam,
which is particularly useful for 3D imaging. The beam-
formed echo signals are coupled to an ensemble memory 22.

[0042] In the ultrasound system of FIG. 1, multiple waves
or pulses are transmitted in each beam direction using
different modulation techniques, resulting in the reception of
multiple echoes for each scanned point in the image field.
The echoes corresponding to a common spatial location are
referred to herein as an ensemble of echoes, and are stored
in the ensemble memory 22, from which they can be
retrieved and processed together. The echoes of an ensemble
are combined in various ways by the nonlinear signal
separator 24 to produce the desired nonlinear or harmonic
signals. For example, two pulses of different phase or
polarity modulation can be transmitted to each point in the
image field. When the echoes resulting from the two pulses
are received by the ultrasound system and additively com-
bined, the different modulation causes the fundamental
frequency components of the echoes to cancel each other
and the harmonic components to reinforce each other. This
separates out the harmonic components of the echo signals.
Alternatively, when the two echoes are subtracted from each
other, the fundamental frequency components are reinforced
and the harmonic components cancel each other. This sepa-
rates out fundamental frequencies for construction of a
standard B mode image. This modulation is referred to as
“pulse inversion,” and can be done by phase, polarity or
amplitude modulation as described in U.S. Pat No. 5,706,
819 (Hwang et al.), U.S. Pat. No. 5,951,478 (Hwang et al.),
and U.S. Pat. No. 5,577,505 (Brock Fisher et al.).

[0043] The separated signals are filtered by a filter 30 to
further remove unwanted frequency components, and then
subjected to B mode or Doppler detection by a detector 32.
The detected signals are coupled to a nonlinear signal
combiner 34 to reduce image speckle content. The signals
are then processed for the formation of a two-dimensional,
three-dimensional, spectral, parametric, or other desired
image in image processor 36, and the image is then dis-
played on a display 38. Detected fundamental (linear) sig-
nals which do not need speckle reduction processing are
coupled directly to the image processor 36 for image for-
mation and display.

[0044] In accordance with an embodiment of the present
invention, the ultrasound image data is also coupled to a
QLab image processor 40 for the production of time-
intensity curves and contrast agent wash-in and wash-out
characteristics. The time-intensity curves and characteristics
produced by the QLab processor are coupled back to the
image processor where they may be displayed numerically
or graphically on the display 38 along with the ultrasound
images. A standard QLab processor which is suitable for the
production of time-intensity curves is available from Philips
Healthcare of Andover, Mass.
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[0045] A standard QLab processor produces the well-
known time-intensity curves, also referred to as perfusion
curves or reperfusion curves. See U.S. Pat. No. 5,833,613
(Averkiou et al.), international patent publication WO 2005/
099579 (Rafter), international patent publication WO 2005/
054898 (Garg et al.), and international patent publication
WO02009093211A1 (Michalakis et al.). As these publica-
tions illustrate, the build-up of contrast agent at points in the
tissue is monitored during the arrival of the contrast agent at
locations in the body. The amount of contrast agent at a point
is indicated by the intensity of echoes returned from contrast
agent microbubbles at each point, and is present in a
sequence of images acquired by low power (low MI) trans-
mission as the contrast agent washes into the tissue. A
time-intensity curve can be formed of this build-up of
contrast intensity and its subsequent decline during wash-out
of the contrast agent for each point in the tissue which
returns the time sequence of echoes frame-by-frame. A
qualitative presentation of the time-intensity curves for the
entire tissue being viewed can be formed by coloring each
pixel in an anatomical image with a color that represents a
parameter of the time-intensity curves at each point in the
image. The Garg et al. application illustrates the formation
of a parametric image of the myocardium, where the color
of each pixel in the image represents the peak level attained
by the time-intensity curve at each point in the myocardium,
for example. See also U.S. Pat. No. 6,692,438 (Skyba et al.).

[0046] In accordance with an embodiment of the present
invention, the ultrasound probe is configured to acquire a
sequence of ultrasound data of an imaging region of a
subject when a contrast agent is perfused in an imaging
region, and the QLab imaging processor acting as a time-
intensity curve calculator is configured to calculate a time-
intensity curve of the contrast agent for each region unit of
a plurality of region units of the imaging region, based on the
acquired sequence of ultrasound data. Each region unit can
comprise one or more points of the imaging region. In some
embodiments, a point of the imaging region is defined as a
region unit. In some other embodiments, several adjacent
points of the imaging region are defined as a region unit. For
example, a region unit can have a square dimension of 5x5
in an imaging plane or a cubic dimension of 5x5x5 in an
imaging volume. The plurality of region units can be sepa-
rate or partially overlapping.

[0047] As a quantitative measure of the perfusion of the
contrast agent, a ratio value of a perfusion parameter is
computed for a region of interest in the imaging region. FIG.
2 and FIG. 3 illustrate an apparatus 200 and a method 300
for computing the ratio value of the perfusion parameter in
accordance with an embodiment of the present invention,
respectively. In some embodiments, the QLab imaging pro-
cessor 40 is configured to perform the method 300, and thus
the apparatus of FIG. 3 is part of QLab image processor 40.
In some other embodiments, the apparatus 200 can be a
separate processor that can be coupled to the QLab image
processor 40. The apparatus 200 can be part of the ultra-
sound system or can also be a separate processor or part of
a separate system that is coupled to the ultrasound system
via any kinds of wired or wireless connection means.

[0048] Referring to FIG. 2, the apparatus 200 comprises a
receiver 210, a reference selector 220, a perfusion parameter
calculator 230, a reference perfusion parameter calculator
240 and a ratio calculator 250. The receiver 210 is an
interface for receiving a time-intensity curve of the contrast
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agent for each region unit of a plurality of region units of the
imaging region, based on the acquired sequence of ultra-
sound data, each region unit comprising one or more points
of the imaging region. The receiver 210 can be implemented
in either software, hardware or a combination thereof.
[0049] The calculation of the ratio value will be described
hereinafter by referring to FIG. 2 and FIG. 3. While, for the
sake of simplicity of explanation, the method is shown and
described as a series of steps, it is to be understood and
appreciated that the methodology is not limited by the order
of steps, as some steps may occur, in accordance with one or
more aspects, in different orders and/or concurrently with
other steps as compared to the orders and steps shown and
described herein. Moreover, not all illustrated steps may be
utilized to implement a method in accordance with the
claimed subject matter. In general, a process can be imple-
mented as processor instructions, logical programming func-
tions, or other electronic sequence that supports the calcu-
lation of the ratio value.

[0050] Instep 310, a temporal sequence of ultrasound data
of an imaging region of a subject, as a contrast agent is
perfused in the imaging region, is acquired by placing an
ultrasound probe on the subject. Alternatively, the sequence
of ultrasound data can be acquired from any data storage
where the sequence of the ultrasound data previously
acquired by the ultrasound probe is stored, for example, in
a DICOM format.

[0051] In step 320, a time-intensity curve calculator cal-
culates a time-intensity curve of the contrast agent for each
region unit of a plurality of region units of the imaging
region, based on the acquired sequence of ultrasound data.
Alternatively, the receiver 210 receives, from any data
storage, time-intensity curves which are pre-calculated and
stored. As is well known to the person skilled in the art,
various kinds of motion compensations may be performed
prior to the calculation of the time-intensity curves, and/or
the time-intensity curves may be smoothed, for example, by
means of a low-pass filter.

[0052] In step 330, the reference selector 220 selects,
among the plurality of region units, a first set of region units
corresponding to normal tissue, based on the time-intensity
curves, preferably based on the dynamic behavior of the
time-intensity curves. In particular, the reference selector
220 can be configured to select a first set of region units
corresponding to normal tissue, a second set of region units
corresponding to vessel, and a third set of region units
corresponding to background noise. In some embodiments,
at least one feature indicating the dynamic behavior of the
time-intensity curves is calculated and then the first, second
and third sets of regions are selected based on the at least one
feature. In some other embodiments, each point of the
time-intensity curves are regarded as an individual feature,
and the selection of the first, second and third sets of regions
is directly based on the time-intensity curves.

[0053] The selection of the first set of region units can be
implemented by means of cluster analysis. Cluster analysis
or clustering is well-known: it is the task of grouping a set
of objects in such a way that objects in the same group or set
(called a cluster) are more similar (in some sense or another)
to each other than to those in other groups or sets (clusters).
[0054] FIG. 4 illustrates a time-intensity curve 410 for a
vessel, a time-intensity curve 420 for normal tissue, and a
time-intensity curve 430 for background noise. Typically,
the dynamic behavior of the time-intensity curve, namely
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the change of the intensity value I over time t, is quite
different among vessels, normal tissue and background
noise.
[0055] In accordance with some embodiments of the pres-
ent invention, the reference selector 220 classifies the plu-
rality of region units into the first set of region units
corresponding to normal tissue, a second set of region units
corresponding to vessels, and a third set of region units
corresponding to background noise, based on dynamic
behavior of the time-intensity curves.
[0056] In an embodiment, the classification can be per-
formed based on an initial first, second and third sets of
region units. That is, the initial first, second and third sets of
region units are used for initialization of the classification.
[0057] In some embodiments, such classification can be
performed by means of cluster analysis, and thus the initial
first, second and third sets of region units are used for
initialization of the cluster analysis. Any suitable clustering
method can be used, including the existing ones such as k
means clustering or expectation maximization, or those
developed in the future. The cluster analysis can either be
performed based on one or more pre-defined features indi-
cating the dynamic behavior of the time-intensity curves, or
it can be performed based directly on the time-intensity
curves without defining any features in advance.
[0058] The initial first, second and third sets of region
units can be determined based on historical data and thus can
be predetermined prior to acquiring the sequence of ultra-
sound data of the imaging region.
[0059] Alternatively, a feature is extracted from the time-
intensity for each of the plurality of region units, and the
initial first, second and third sets of region units are deter-
mined based on one or more statistics about the extracted
features. In this particular embodiment, the extracted feature
is: area under curve. In other embodiments, the extracted
feature can be: peak intensity value, mean intensity value of
the curve or any other suitable feature. Next, the mean p and
the standard deviation o of the extracted features are cal-
culated. Then, the initial first, second and third sets of
regions can be determined, based on p and o, as follows:
[0060] the initial first set of region units corresponding
to normal tissue comprises region units whose feature
has a value in the range of [u-a-0, u+a-ol;
[0061] the initial second set of region units correspond-
ing to vessels comprises region units whose feature has
a value greater than p+o-o, namely in the range of
[u+oro, +o]; and
[0062] the initial third set of region units corresponding
to background noise comprises region units whose
feature has a value less than p—a-o, namely in the range
of [-o0, p~a-ol.
o is a pre-determined weighting coefficient. For example, o
can be determined by means of experiments.
[0063] In step 340, the reference selector 220 further
selects one or more region units from the first set of region
units. In some embodiments, this step 340 is omitted, and the
one or more region units simply comprises all region units
in the first set of region units. In some other embodiments,
part of the region units of the first set of region units are
selected. The number of selected region units can be pre-
defined or can be defined by operators.
[0064] Instep 350, the perfusion parameter calculator 230
calculates a perfusion parameter for each of the selected one
or more region units, based on the time-intensity curves.
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Furthermore, the perfusion parameter calculator 230 calcu-
lates a perfusion parameter for a region of intetest, based on
the time-intensity curves. The perfusion parameter can be
any kind of parameter derived from the time-intensity
curves, such as; area under the curve parameter, peak
intensity parameter, time to peak parameter, wash-in time
parameter, wash-out time parameter, wash-in rate parameter,
wash-out rate parameter, arrival time parameter, mean tran-
sit time parameter, rising time parameter, or it can be defined
in the future based on the time-intensity curve.

[0065] The region of interest can comprise one or more
region units. The region of interest can be a pre-defined
region, or a region indicated by a user or identified in any
pre-processing step. In case that there are a plurality of
regions of interest, a perfusion parameter is calculated for
each of the plurality of regions of interest. In some embodi-
ments, each region unit of the plurality of region units is
defined as a region of interest. In this way, a perfusion
parameter is calculated for each region unit.

[0066] The calculation of the perfusion parameters for the
region of interest can be performed independently of the
selecting steps 330 and 340. The one or more region units
and the region of interest may comprise common region
units, in which case the person skilled in the art would
appreciate that the perfusion parameters of those common
region units need only to be calculated once.

[0067] In step 360, a reference perfusion parameter cal-
culator 240 calculates a reference perfusion parameter,
based on the perfusion parameters of the selected one or
more region units. The reference perfusion parameter can be
calculated in various ways. For example, the reference
perfusion parameter can be calculated as the average,
weighted average or median of the perfusion parameters of
the selected one or more region units.

[0068] In step 370, aratio calculator 250 calculates a ratio
value for the region of interest as a ratio of the perfusion
parameter of the region of interest and the reference perfu-
sion parameter. In case that there are a plurality of regions
of interest, a ratio value is calculated for each of the plurality
of regions of interest. In some embodiments, each region
unit of the plurality of region units is defined as a region of
interest. In this way, a ratio value r is calculated for each
region unit.

[0069] The ratio values can then be converted to corre-
sponding display values by means of an image encoder, and
the display values can be presented by a display as a
parametric ratio image. Depending on the dimension of the
image region, the ratio image can be 2D or 3D. The image
encoder can be further configured to encode ratio values
with distinctive coloring or shading. For example, ratio
values in a certain value range can be distinctly colored,
such as a bright red color. The clinician is thus enabled to
easily spot suspect regions in the ratio image by virtue of the
distinctive coloring of even small suspect regions of the
image. In some embodiments, the ratio image is smoothed
prior to the encoding and displaying.

[0070] FIG. 5 illustrates an exemplary ratio image 510 and
a color bar 520 at the right side. The ratio image 510
represents the ratio value of the peak intensity of the
time-intensity curve. The ratio value is encoded with shad-
ing. The color bar 520 shows the coding of the ratio values,
particularly higher ratio values being brighter.

[0071] As described in the above, a same reference per-
fusion parameter is used to derive a ratio value for the region
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of interest, regardless of the depth at which the region of
interest is located. Alternatively, a different reference pet-
fusion parameter may be used for a region of interest located
at a different depth level. In accordance with another
embodiment of the present invention, the reference selector
220 is further configured to divide the imaging region into
a plurality of segments, each segment being located at a
different depth level, and the one or more region units
corresponding to normal tissue used to calculate the refer-
ence tissue is located at the same segment where the region
of interest is located.

[0072] FIG. 6 illustrates a 2D imaging region being seg-
mented into a plurality of segments in accordance with an
embodiment of the present invention. Referring to FIG. 6,
along the depth direction indicated by arrow D, a plurality
of segments 610 to 640 are located at a different depth level,
with segment 640 being the deepest. The plurality of seg-
ments 610 to 640 are shown to be not overlapping, but in
some other embodiments, they can be partially overlapping.
Although four segments are illustrated, the person skilled in
the art would appreciate that any number of segments is
possible. In some embodiments, the number of segments can
be dependent on the depth range of the imaging region. For
example, the imaging region is divided into more segments
if the imaging region spans a wider range in the depth
direction.

[0073] In accordance with an embodiment of the present
invention, a reference perfusion parameter is calculated for
each of the plurality of segments of the image region, and
then the ratio value for a region unit is calculated based on
the reference perfusion parameter for the segment where that
region unit is located. For example, the ratio value for a
region unit can be calculated as a ratio of the perfusion
parameter for that region unit and the reference perfusion
parameter for the segment where that region unit is located.
For a region unit located at the border of a segment or at
more than one segment in case of the segments being
partially overlapping, the reference perfusion parameter
used for that region unit can be a weighted average of the
reference perfusion parameters of the corresponding seg-
ments.

[0074] The reference perfusion parameter for each seg-
ment can be calculated in different ways.

[0075] In some embodiments, the cluster analysis is per-
formed over the whole imaging region to get the first set of
region units that corresponds to normal tissues in the whole
imaging region. Then, for each segment, a reference perfu-
sion parameter is calculated based on the perfusion param-
eters of one or more region units which are selected from the
first set of region units and located in that segment.

[0076] In some other embodiments, a cluster analysis is
performed for each segment of the plurality of segments of
the imaging region to get a first set of region units corre-
sponding to normal tissue in that segment. Then, for each
segment, one or more region units are selected from the first
of the region units for that segment, and the corresponding
reference perfusion parameter is calculated based on the
selected one or more region units.

[0077] The technique processes described herein may be
implemented by various means. For example, these tech-
niques may be implemented in hardware, software, or a
combination thereof. For a hardware implementation, the
processing units may be implemented within one or more
application specific integrated circuits (ASICs), digital sig-
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nal processors (DSPs), digital signal processing devices
(DSPDs), programmable logic devices (PLDs), field pro-
grammable gate arrays (FPGAs), processors, controllers,
micro-controllers, microprocessors, other electronic units
designed to perform the functions described herein, or a
combination thereof. In the case of a software implementa-
tion, use can be made of modules (e.g., procedures, func-
tions, and so on) that perform the functions described herein.
The software codes may be stored in a memory unit and
executed by the processors.

[0078] Moreover, aspects of the claimed subject matter
may be implemented as a method, apparatus, system, or
article of manufacture using standard programming and/or
engineering techniques to produce software, firmware, hard-
ware, or any combination thereof to control a computer or
computing components to implement various aspects of the
claimed subject matter. The term “article of manufacture™ as
used herein is intended to encompass a computer program
accessible from any computer-readable device, carrier, or
media. For example, computer readable media can include
but are not limited to magnetic storage devices (e.g., hard
disk, floppy disk, magnetic strips . . . ), optical disks (e.g.,
compact disk (CD), digital versatile disk (DVD). . .), smart
cards, and flash memory devices (e.g., card, stick, key drive
... ). Of course, those skilled in the art will recognize that
many modifications may be made to this configuration
without departing from the scope of what is described
herein.

[0079] As used in this application, the terms “calculator”,
“selector” and “encoder” such as “time-intensity curve cal-
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culator”, “perfusion parameter calculator”, “reference per-
fusion parameter calculator”, “ratio calculator” and “imag-
ing encoder” are intended to refer to a processor or a
computer-related entity, either hardware, a combination of
hardware and software, software, or software in execution.
For example, a component may be, but is not limited to, a
process running on a processor, a processor, an object, an
executable, a thread of execution, a program, and/or a
computer. By way of illustration, both an application run-
ning on a server and the server can be a component. One or
more components may reside within a process and/or thread
of execution and a component may be localized on one
computer and/or distributed among two or more computers.
[0080] What has been described above includes examples
of one or more embodiments. It is, of course, not possible to
describe every conceivable combination of components or
methodologies for the purpose of describing the aforemen-
tioned embodiments, but one of ordinary skill in the art may
recognize that many further combinations and permutations
of various embodiments are possible. Accordingly, the
described embodiments are intended to embrace all such
alterations, modifications and variations that fall within the
scope of the appended claims. Furthermore, to the extent
that the term “includes” is used in either the detailed
description or the claims, such term is intended to be
inclusive in a manner similar to the term “comprising” as
“comprising” is interpreted when employed as a transitional
word in a claim.
1. An ultrasound imaging system, comprising:
an ultrasound probe configured to acquire a sequence of
ultrasound data of an imaging region of a subject when
a contrast agent is perfused in the imaging region;
a time-intensity curve calculator configured to calculate a
time-intensity curve of the contrast agent for each
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region unit of a plurality of region units of the imaging
region, based on the acquired sequence of ultrasound
data, each region unit comprising one or more points of
the imaging region;

a reference selector configured to select, among the plu-
rality of region units, a first, second and third set of
region units respectively corresponding to normal tis-
sue, vessel and background noise, based on the time-
intensity curves, and,

a perfusion parameter calculator configured to calculate a
perfusion parameter for each of one or more region
units of the first set of region units and a perfusion
parameter for a region of interest in the imaging region,
based on the calculated time-intensity curves;

a reference perfusion parameter calculator configured to
calculate a reference perfusion parameter, based on the
perfusion parameters of the one or more region units;
and

a ratio calculator configured to calculate a ratio value for
the region of interest as a ratio of the perfusion param-
eter of the region of interest and the reference perfusion
parameter.

2. The ultrasound imaging system of claim 1, wherein the
reference selector is configured to select the first, second and
third sets of region units based on dynamic behavior of the
calculated time-intensity curves.

3. The ultrasound imaging system of claim 2, wherein the
reference selector is configured to select the first, second and
third sets of region units based on at least one feature
indicating the dynamic behavior of the time-intensity
curves.

4. The ultrasound imaging system of claim 2, wherein the
reference selector is configured to select the first, second and
third sets of region units by inputting the time-intensity
curves of the plurality of region units into a clustering
analyzer.

5. The ultrasound imaging system of claim 2, wherein the
reference selector is configured to select the first, second and
third sets of region units based on predetermined initial first,
second and third sets of region units.

6. The ultrasound imaging system of claim 5, wherein the
reference selector is configured to determine the predeter-
mined initial first, second and third sets of region units based
on one or more statistics about a feature of the time-intensity
curve for the plurality of region units.

7. The ultrasound imaging system of claim 6, wherein the
feature of the time-intensity curve is one of: area under
curve, peak intensity value and mean intensity value, and the
one or more statistics comprise mean and standard devia-
tion.

8. The ultrasound imaging system of claim 1, wherein

the perfusion parameter calculator is further configured to
calculate a perfusion parameter for each region unit of
the plurality of region units; and

the ratio calculator is further configured to calculate, for
each region unit, a ratio value as a ratio of the perfusion
parameter of the region unit and the reference perfusion
parameter.

9. The ultrasound imaging system of claim 1, wherein the

reference selector is further configured:

to divide the imaging region into a plurality of segments,
each segment being located at a different depth level,
and
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to select the one or more region units from the first set of
region units, the one or more region units being located
in the segment where the region of interest is located.

10. The ultrasound imaging system of claim 1, further
comprising:

an image encoder configured to produce corresponding
display values for the ratio values; and

a display configured to display the display values.

11. The ultrasound imaging system of claim 10, wherein
the image encoder is further configured to encode ratio
values with distinctive coloring or shading.

12. An ultrasound imaging method, comprising:

acquiring a sequence of ultrasound data of an imaging
region of a subject when a contrast agent is perfused in
the imaging region;

calculating a time-intensity curve of the contrast agent for
each region unit of a plurality of region units of the
imaging region, based on the acquired sequence of
ultrasound data, each region unit comprising one or
more points of the imaging region;

selecting, among the plurality of region units, a first,
second and third set of region units respectively cor-
responding to normal tissue, vessels and background
noise, based on the time-intensity curves;

calculating a perfusion parameter for each of one or more
region units of the first set of region units and a
perfusion parameter for a region of interest in the
imaging region, based on the calculated time-intensity
curves;

calculating a reference perfusion parameter, based on the
perfusion parameters of the one or more region units;
and

calculating a ratio value for the region of interest as a ratio
of the perfusion parameter of the region of interest and
the reference perfusion parameter.

13. An apparatus for calculating a perfusion parameter
ratio for a region of interest in an imaging region, compris-
ing:

a receiver configured to receive a time-intensity curve of
the contrast agent for each region unit of a plurality of
region units of the imaging region, each region unit
comprising one or more points of the imaging region;
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a reference selector configured to select, among the plu-
rality of region units, a first, second and third set of
region units respectively corresponding to normal tis-
sue, vessel and background noise, based on the time-
intensity curves;

a perfusion parameter calculator configured to calculate a
perfusion parameter for each of one or more region
units of the first set of region units and a perfusion
parameter for a region of interest, based on the calcu-
lated time-intensity curves; a reference perfusion
parameter calculator configured to calculate a reference
perfusion parameter, based on the perfusion parameters
of the one or more region units; and

a ratio calculator configured to calculate a ratio value for
the region of interest as a ratio of the perfusion param-
eter of the region of interest and the reference perfusion
parameter.

14. A method of calculating a perfusion parameter ratio

for a region of interest in an imaging region, comprising:

receiving a time-intensity curve of a contrast agent for
each region unit of a plurality of region units of an
imaging region of a subject, each region unit compris-
ing one or more points of the imaging region;

selecting, among the plurality of region units, a first,
second and third set of region units respectively cor-
responding to normal tissue, vessel and background
noise, based on the time-intensity curves;

calculating a perfusion parameter for each of one or more
region units of the first set of region units and a
perfusion parameter for a region of interest, based on
the calculated time-intensity curves;

calculating a reference perfusion parameter based on the
perfusion parameters of the one or more region units;
and

calculating a ratio value for the region of interest as a ratio
of the perfusion parameter of the region of interest and
the reference perfusion parameter.

15. A computer product, comprising computer program

instructions, which, when being executed, performs the
method of claim 14.
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