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Description
FIELD OF THE INVENTION

[0001] The present invention relates to ultrasound im-
aging, particularly to contrast-enhanced ultrasound im-

aging.
BACKGROUND OF THE INVENTION

[0002] Contrast-enhanced ultrasound plays an in-
creasingly importantrole in the characterization of tumors
of various organs. In contrast-enhanced ultrasound im-
aging, the ultrasound data of an imaging region corre-
sponding to a target organ or location of a body is con-
tinuously 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 parame-
ters 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 pa-
rameter, wash-in rate parameter, wash-out rate param-
eter, arrival time parameter, mean transit time parameter,
rising time parameter, etc.

[0003] International patent application
W02009093211A1 (Michalakis et al.) describes thatitis
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 injec-
tion, patient cardiac output, and ultrasound machine set-
tings which may differ from one examination day to an-
other, and it is proposed 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 parameter 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 di-
viding it by a reference wash-in parameter, i.e. the wash-
in parameter of normal tissue.

[0004] However, since different operators may identify
differentregions 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
analysis 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 in-
cludes a calculation unit for calculating parameters indic-
ative of blood-flow dynamics peculiar to the measured
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tissue of the sample as a ratio to or difference from pa-
rameters 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 pre-
senting the calculations by the calculation unit.

SUMMARY OF THE INVENTION

[0006] The invention is defined by the independent
claims. Therefore, it would be advantageous to provide
an improved ultrasound imaging system and method of
calculating a perfusion parameter of a contrast agent.

[0007] Inaccordance with an embodiment of a first as-
pect of the present invention, there is proposed an ultra-
sound imaging system. The ultrasound system compris-
es: an ultrasound probe configured to acquire a se-
quence of ultrasound data of an imaging region of a sub-
ject when a contrast agent is perfused in the imaging
region; a time-intensity curve calculator configured to cal-
culate atime-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 cal-
culator 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-in-
tensity curves; a reference perfusion parameter calcula-
tor configured to calculate a reference perfusion param-
eter, 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. 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 therefore, the calculation of the reference per-
fusion 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
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region unit falls into one of the following three classifica-
tions: 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 identification of nor-
mal 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 param-
eter, time to peak parameter, wash-in time parameter,
wash-outtime parameter, wash-in rate parameter, wash-
out rate parameter, arrival time parameter, mean transit
time parameter, rising time parameter, or defined in fu-
ture 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 dis-
tinct from each other or can partially overlap.

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

[0013] Inaccordance with a further embodiment of the
presentinvention, thefirst, second and third sets of region
units are selected based on dynamic behavior of the cal-
culated 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 respectively corresponding to normal tis-
sue, vessel and background noise can be selected in a
more reliable way.

[0014] In an embodiment, 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 in-
clude any kinds of features indicating the dynamic be-
havior of the calculated time-intensity curves, such as:
area under the curve parameter, peak intensity param-
eter, time to peak parameter, wash-in time parameter,
wash-outtime parameter, 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 analyz-
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er. Typical clustering analyzer utilizes machine-learning,
and is configured 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 clus-
tering analyzer can perform any existing clustering meth-
ods, such as k means clustering and expectation maxi-
mization, or any suitable clustering methods developed
in the future. In some embodiments, the clustering ana-
lyzer can perform the clustering by starting with arandom
initial first, second and third sets of region units. In some
other embodiments, the clustering analyzer can perform
the clustering by starting with predetermined initial first,
second, and third sets of regions units.

[0016] In accordance with a further embodiment of the
presentinvention, 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,
second 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 in-
tensity value, and the one or more statistics comprise
mean and standard deviation. In another example, the
predetermined 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 se-
quence 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] Inaccordance 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 pa-
rameter of the region unit and the reference perfusion
parameter.

[0020] Inthis 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 clinician or for further processing steps .

[0021] In accordance with a further embodiment of the
present invention, the reference selector is further con-
figured 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
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calculator can be configured to calculate, for each seg-
ment of the plurality of segments, a reference perfusion
parameter, based on one or more region units of the se-
lected first set of region units located in that segment.
[0022] Theinventors of the presentinvention have rec-
ognized 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 in-
tensity value of the contrast agent for aregion unit derived
from the ultrasound 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 ref-
erence perfusion parameter for calculating the ratio value
regardless of where the region of interest is located, but
to use different reference perfusion parameters for re-
gions of interest located at different depth levels. In this
way, the various acoustic attenuation levels affecting re-
gions at different depth levels can be reduced or elimi-
nated.

[0023] In accordance with a further embodiment of the
presentinvention, the ultrasound imaging system further
comprises an image encoder configured to produce cor-
responding display values for the ratio values; and a dis-
play configured to display the display values as a ratio
image. Additionally, the image encoder is further config-
ured 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 ul-
trasound imaging method. The ultrasound imaging meth-
od 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-in-
tensity 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, sec-
ond and third set of region units respectively correspond-
ing to normal tissue, vessel and background noise, based
on the time-intensity curves; calculating a perfusion pa-
rameter 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 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 param-
eter. In accordance 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
acontrast agentfor 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
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selector configured to select, among the plurality of re-
gion 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 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 calcu-
lator configured to calculate a reference perfusion pa-
rameter, 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.

[0025] In accordance with an embodiment of a fourth
aspect of the present invention, there is provided a meth-
od of calculating a perfusion parameter ratio for a region
of interestin animaging region. The method of calculating
a perfusion parameter comprises: receiving a time-inten-
sity 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 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 respec-
tively corresponding to normal tissue, vessel and back-
ground noise, based on the time-intensity curves; calcu-
lating a perfusion parameter for each of one or more re-
gion units of the first set of region units and a perfusion
parameter foraregion ofinterest, based on the calculated
time-intensity curves; calculating a reference perfusion
parameter based on the perfusion parameters of the se-
lected 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 per-
fusion parameter.

[0026] In accordance with an embodiment of a fourth
aspect of the present invention, there is provided a com-
puter product, comprising computer program instruc-
tions, which, when executed by a computer, perform the
method of calculating a perfusion parameter.

[0027] Other objects and advantages of the present
invention will become more apparent and can be easily
understood with reference to the description made in
combination with the accompanying drawings.

DESCRIPTION OF THE DRAWINGS

[0028] The presentinvention will be described and ex-
plained hereinafter in more detailin combination with em-
bodiments and with reference to the drawings, wherein:

FIG. 1 illustrates, in block diagram form, an ultra-
sound imaging system constructed in accordance
with an embodiment of the present invention;

FIG.2illustrates, in block diagram form, an apparatus
for calculating a ratio value of a perfusion parameter
in a contrast-enhanced ultrasound imaging proce-
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dure in accordance with an embodiment of the
present invention;

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 accordance with an embodiment of the present
invention;

FIG.4 illustrates a typical time-intensity curve for
each of: normal tissue, vessels, and background
noise;

FIG.5 illustrates an exemplary ratio image; and
FIG.6illustrates animaging region being segmented
into a plurality of segments in accordance with an
embodiment of the present invention.

[0029] Thesamereference signsinthe figuresindicate
similar or corresponding features and/or functionalities.

DETAILED DESCRIPTION

[0030] The presentinvention will be described with re-
spect 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
schematic 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.

[0031] Referring first to FIG.1, an ultrasound system
constructed in accordance with an embodiment of the
present 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 re-
ferred 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 frequency) components corresponding to the
transmitted frequency 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.
[0032] 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
withinthe body. The transmitter is responsive to a number
of control parameters which determine the characteris-
tics of the transmit beams, including the frequency com-
ponents of the transmit beam, their relative intensities or
amplitudes, and the phase or polarity of the transmit sig-
nals. 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) im-
aging or a two-dimensional array for two-dimensional or
volumetric (three-dimensional) imaging.

[0033] The transducer array 12 receives echoes from
the body containing fundamental (linear) and harmonic
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(nonlinear) frequency components which are within the
transducer passband. These echo signals are coupled
by the switch 14 to a beamformer 18, which appropriately
delays echo signals from the different transducer ele-
ments and which then combines them to form a sequence
of linear and harmonic signals along the beam from shal-
low 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.

[0034] 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 de-
sired 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 combined, the different
modulation causes the fundamental frequency compo-
nents of the echoes to cancel each other and the har-
monic components to reinforce each other. This sepa-
rates 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 separates out fundamental frequencies for
construction of a standard B mode image. This modula-
tion is referred to as "pulse inversion," and can be done
by phase, polarity or amplitude modulation as described
in US patents 5,706,819 (Hwang et al.), 5,951,478
(Hwang et al.), and 5,577,505 (Brock Fisher et al.).
[0035] 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 de-
tector 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 im-
age is then displayed on a display 38. Detected funda-
mental (linear) signals which do not need speckle reduc-
tion processing are coupled directly to the image proc-
essor 36 for image formation and display.

[0036] In accordance with an embodiment of the
present invention, the ultrasound image data is also cou-



9 EP 3 136 976 B1 10

pled 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 cou-
pled 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 proc-
essor which is suitable for the production of time-intensity
curves is available from Philips Healthcare of Andover,
Massachusetts.

[0037] A standard QLab processor produces the well-
known time-intensity curves, also referred to as perfusion
curves or reperfusion curves. See US patent 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 W02009093211A1 (Michalakis et al.). As
these publications illustrate, the build-up of contrast
agent at points in the tissue is monitored during the arrival
of the contrast agent atlocations 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 ac-
quired by low power (low MI) transmission 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 se-
quence of echoes frame-by-frame. A qualitative presen-
tation 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 param-
eter of the time-intensity curves at each point in the im-
age. The Garg et al. application illustrates the formation
of a parametricimage of the myocardium, where the color
of each pixel in the image represents the peak level at-
tained by the time-intensity curve at each point in the
myocardium, for example. See also US patent 6,692,438
(Skyba et al.).

[0038] In accordance with an embodiment of the
present invention, the ultrasound probe is configured to
acquire a sequence of ultrasound data of an imaging re-
gion 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 cal-
culate atime-intensity curve ofthe contrastagentfor 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 imag-
ing 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 imag-
ing volume. The plurality of region units can be separate
or partially overlapping.

[0039] As a quantitative measure of the perfusion of
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the contrast agent, a ratio value of a perfusion parameter
is computed for a region of interest in the imaging region.
FIG.2and FIG.3illustrate an apparatus 200 and a method
300 for computing the ratio value of the perfusion param-
eter in accordance with an embodiment of the present
invention, respectively. In some embodiments, the QLab
imaging processor 40 is configured to perform the meth-
od 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 ultrasound 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.

[0040] Referring to FIG.2, the apparatus 200 compris-
es a receiver 210, a reference selector 220, a perfusion
parameter calculator 230, a reference perfusion param-
eter calculator 240 and a ratio calculator 250. The receiv-
er 210 is an interface for receiving 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. The receiver
210 can be implemented in either software, hardware or
a combination thereof.

[0041] The calculation of the ratio value will be de-
scribed hereinafter by referring to FIG.2 and FIG. 3.
While, for the sake of simplicity of explanation, the meth-
od 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 differ-
ent orders and/or concurrently with other steps as com-
pared to the orders and steps shown and described here-
in. Moreover, not all illustrated steps may be utilized to
implement a method in accordance with the claimed sub-
ject matter. In general, a process can be implemented
as processor instructions, logical programming func-
tions, or other electronic sequence that supports the cal-
culation of the ratio value.

[0042] Instep 310, a temporal sequence of ultrasound
data of animagingregion of a subject, as a contrastagent
is perfused in the imaging region, could be acquired by
placing an ultrasound probe on the subject according to
an embodiment not falling under the scope of the present
invention. Alternatively, the sequence of ultrasound data
is acquired from any data storage where the sequence
of the ultrasound data previously acquired by the ultra-
sound probe is stored, for example, in a DICOM format.
[0043] Instep 320, atime-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-calcu-
lated and stored. As is well known to the person skilled
in the art, various kinds of motion compensations may
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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.
[0044] 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 be-
havior of the time-intensity curves. The reference selec-
tor 220 is 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 em-
bodiments, 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 select-
ed based on the at least one feature. In some other em-
bodiments, 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.

[0045] 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 group-
ing 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).

[0046] FIG.4 illustrates a time-intensity curve 410 for
a vessel, a time-intensity curve 420 for normal tissue,
and atime-intensity curve 430 for background noise. Typ-
ically, the dynamic behavior of the time-intensity curve,
namely the change of the intensity value | over time t, is
quite different among vessels, normal tissue and back-
ground noise.

[0047] In accordance with some embodiments of the
present invention, the reference selector 220 classifies
the plurality 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 dy-
namic behavior of the time-intensity curves.

[0048] Inanembodiment, 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 classifica-
tion.

[0049] 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 clus-
tering 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 indicating the dynamic behavior of the time-in-
tensity curves, or it can be performed based directly on
the time-intensity curves without defining any features in
advance.
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[0050] 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 se-
quence of ultrasound data of the imaging region.
[0051] 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
determined based on one or more statistics about the
extracted features. In this particular embodiment, the ex-
tracted feature is: area under curve. In other embodi-
ments, the extracted feature can be: peakintensity 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 calculated. Then, the initial
first, second and third sets of regions can be determined,
based on p. and o, as follows:

- the initial first set of region units corresponding to
normal tissue comprises region units whose feature
has a value in the range of [ - oo, p + a-c];

- the initial second set of region units corresponding
to vessels comprises region units whose feature has
a value greater than p. + o, namely in the range of
[n + oo, +oo]; and

- the initial third set of region units corresponding to
background noise comprises region units whose fea-
ture has a value less than p - o-c, namely in the
range of [-o, p- a-c].

o is a pre-determined weighting coefficient. For example,
o can be determined by means of experiments.

[0052] 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.
[0053] In step 350, the perfusion parameter calculator
230 calculates a perfusion parameter for each of the se-
lected one or more region units, based on the time-inten-
sity curves. Furthermore, the perfusion parameter calcu-
lator 230 calculates a perfusion parameter for a region
of interest, based on the time-intensity curves. The per-
fusion 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 pa-
rameter, wash-in rate parameter, wash-out rate param-
eter, arrival time parameter, mean transit time parameter,
rising time parameter, or it can be defined in the future
based on the time-intensity curve.

[0054] 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
preprocessing step. In case that there are a plurality of
regions of interest, a perfusion parameter is calculated
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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
perfusion parameter is calculated for each region unit.
[0055] 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.
[0056] In step 360, a reference perfusion parameter
calculator 240 calculates a reference perfusion parame-
ter, based on the perfusion parameters of the selected
one or more region units. The reference perfusion pa-
rameter can be calculated in various ways. For example,
the reference perfusion parameter can be calculated as
the average, weighted average or median of the per-
fusion parameters of the selected one or more region
units.

[0057] In step 370, a ratio calculator 250 calculates a
ratio value for the region of interest as a ratio of the per-
fusion parameter of the region of interest and the refer-
ence perfusion parameter. In case that there are a plu-
rality of regions of interest, a ratio value is calculated for
each of the plurality of regions of interest. In some em-
bodiments, each region unit of the plurality of region units
is defined as aregion of interest. In this way, a ratio value
r is calculated for each region unit.

[0058] The ratio values can then be converted to cor-
responding display values by means of an image encod-
er, and the display values can be presented by a display
as aparametric ratioimage. 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 ex-
ample, ratio values in a certain value range can be dis-
tinctly 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 dis-
playing.

[0059] 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
shading. The color bar 520 shows the coding of the ratio
values, particularly higher ratio values being brighter.
[0060] As described in the above, a same reference
perfusion parameter is used to derive a ratio value for
the region of interest, regardless of the depth at which
the region of interest is located. Alternatively, a different
reference perfusion parameter may be used for a region
ofinterestlocated at adifferentdepth level. Inaccordance
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 seg-
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ment being located at a different depth level, and the one
or more region units corresponding to normal tissue used
to calculate the reference tissue is located at the same
segment where the region of interest is located.

[0061] FIG.6illustrates 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 segments 610 to 640 are shown to be not
overlapping, but in some other embodiments, they can
be partially overlapping. Although four segments are il-
lustrated, the person skilled in the art would appreciate
that any number of segments is possible. In some em-
bodiments, 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 widerrange in the depth direction.
[0062] In accordance with an embodiment of the
presentinvention, areference perfusion parameteris cal-
culated for each of the plurality of segments of the image
region, and then the ratio value for a region unit is calcu-
lated 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 segmentwhere
that region unit is located. For a region unit located at the
border of a segment or at more than one segmentin case
of the segments being partially overlapping, the refer-
ence perfusion parameter used for that region unit can
be a weighted average of the reference perfusion param-
eters of the corresponding segments.

[0063] The reference perfusion parameter for each
segment can be calculated in different ways.

[0064] In some embodiments, the cluster analysis is
performed 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 perfusion parameter is calculated based on
the perfusion parameters of one or more region units
which are selected from the first set of region units and
located in that segment.

[0065] In some other embodiments, a cluster analysis
is performed for each segment of the plurality of seg-
ments of the imaging region to get a first set of region
units corresponding 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.

[0066] The technique processes described herein may
be implemented by various means. For example, these
techniques may be implemented in hardware, software,
or a combination thereof. For a hardware implementa-
tion, the processing units may be implemented withinone
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or more application specific integrated circuits (ASICs),
digital signal processors (DSPs), digital signal process-
ing devices (DSPDs), programmable logic devices
(PLDs), field programmable gate arrays (FPGAs), proc-
essors, controllers, microcontrollers, microprocessors,
other electronic units designed to perform the functions
described herein, or a combination thereof. In the case
of a software implementation, use can be made of mod-
ules (e.g., procedures, functions, and so on) that perform
the functions described herein. The software codes may
be stored in a memory unit and executed by the proces-
Ssors.

[0067] Moreover, aspects of the claimed subject mat-
termay beimplemented as amethod, apparatus, system,
or article of manufacture using standard programming
and/or engineering techniques to produce software,
firmware, hardware, or any combination thereof to control
a computer or computing components to implement var-
ious aspects of the claimed subject matter. The term "ar-
ticle of manufacture" as used herein is intended to en-
compass a computer program accessible from any com-
puter-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., compactdisk (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 modifica-
tions may be made to this configuration without departing
from the scope of what is described herein.

[0068] As used in this application, the terms "calcula-
tor", "selector" and "encoder" such as "time-intensity
curve calculator", "perfusion parameter calculator"”, "ref-
erence perfusion parameter calculator", "ratio calculator"
and "imaging encoder" are intended to refer to a proces-
sor or a computer-related entity, either hardware, a com-
bination 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 proc-
essor, an object, an executable, a thread of execution, a
program, and/or a computer. By way of illustration, both
an application running on a server and the server can be
a component. One or more components may reside with-
in a process and/or thread of execution and a component
may be localized on one computer and/or distributed
among two or more computers.

[0069] What has been described above includes ex-
amples of one or more embodiments. It is, of course, not
possible to describe every conceivable combination of
components or methodologies for the purpose of describ-
ing the aforementioned embodiments, but one of ordinary
skill in the art may recognize that many further combina-
tions and permutations of various embodiments are pos-
sible. Accordingly, the described embodiments are in-
tended 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,
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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.

Claims
1. An ultrasound imaging system, comprising:

an ultrasound probe (10) configured to acquire
a sequence of ultrasound data of an imaging
region of a subject when a contrast agent is per-
fused in the imaging region;

a time-intensity curve calculator (40) 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 ac-
quired sequence of ultrasound data, each region
unit comprising one or more points of the imag-
ing region;

a reference selector (40, 220) configured to se-
lect, 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 (40,
230) configured to calculate a perfusion param-
eter for each of one or more region units of the
first set of region units and a perfusion param-
eter for aregion of interestin the imaging region,
based on the calculated time-intensity curves;
a reference perfusion parameter calculator (40,
240) configured to calculate a reference per-
fusion parameter, based on the perfusion pa-
rameters of the one or more region units; and
a ratio calculator (40, 250) configured to calcu-
late 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.

2. The ultrasound imaging system of Claim 1, wherein
the reference selector (40, 220) is configured to se-
lect 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 (40, 220) is configured to se-
lect 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 (40, 220) is configured to se-
lect 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.
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The ultrasound imaging system of Claim 2, wherein
the reference selector (40, 220) is configured to se-
lect the first, second and third sets of region units
based on predetermined initial first, second and third
sets of region units.

The ultrasound imaging system of Claim 5, wherein
the reference selector (40, 220) is configured to de-
termine the predetermined initial first, second and
third sets of region units based on one or more sta-
tistics about a feature of the time-intensity curve for
the plurality of region units.

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 deviation.

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 cal-
culate, 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 dif-
ferent 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.

10. The ultrasound imaging system of Claim 1, further

comprising:

an image encoder configured to produce corre-
sponding display values for the ratio values; and
a display configured to display the display val-
ues.

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 (310) a stored sequence of ultrasound
data of an imaging region of a subject when a
contrast agent was perfused in the imaging re-
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gion;

calculating (320) 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 (330), among the plurality of region
units, a first, second and third set of region units
respectively corresponding to normal tissue,
vessels and background noise, based on the
time-intensity curves;

calculating (350) a perfusion parameter for each
of one or more region units of the first set of
region units and a perfusion parameter for a re-
gion of interest in the imaging region, based on
the calculated time-intensity curves;
calculating (360) a reference perfusion param-
eter, based on the perfusion parameters of the
one or more region units; and

calculating (370) a ratio value for the region of
interest as a ratio of the perfusion parameter of
theregion of interestand the reference perfusion
parameter.

13. An apparatus for calculating a perfusion parameter

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

a receiver (210) configured to receive a time-
intensity curve of a contrast agent for each re-
gion unit of a plurality of region units of the im-
aging region, each region unit comprising one
or more points of the imaging region;

a reference selector (220) configured to select,
among the plurality of region units, a first, sec-
ond and third set of region units respectively cor-
responding to normal tissue, vessel and back-
ground noise, based on the time-intensity
curves;

a perfusion parameter calculator (230) config-
ured 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 re-
gion of interest, based on the calculated time-
intensity curves;

a reference perfusion parameter calculator
(240) configured to calculate a reference per-
fusion parameter, based on the perfusion pa-
rameters of the one or more region units; and
a ratio calculator (250) 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.

14. A method of calculating a perfusion parameter ratio

for a region of interest in an imaging region, com-
prising:
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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 comprising one or more points of the
imaging region;

selecting (330), 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 (350) a perfusion parameter for each
of one or more region units of the first set of
region units and a perfusion parameter for a re-
gion of interest, based on the calculated time-
intensity curves;

calculating (360) a reference perfusion param-
eter based on the perfusion parameters of the
one or more region units; and

calculating (370) a ratio value for the region of
interest as a ratio of the perfusion parameter of
theregion of interest and the reference perfusion
parameter.

15. A computer product, comprising computer program

instructions, which, when executed by a computer,
perform the method of Claim 14.

Patentanspriiche

Ultraschallbildgebungssystem, umfassend:

eine Ultraschallsonde (10), die dafiir konfiguriert
ist, eine Sequenz von Ultraschalldaten einer
Bildgebungsregion eines Subjekts zu erfassen,
wenn die Bildgebungsregion mit Kontrastmittel
durchstromt ist;

eine Berechnungseinheit (40) fiir die Zeit-Inten-
sitats-Kurve, die dafiir konfiguriert ist, eine Zeit-
Intensitats-Kurve des Kontrastmittels fiir jede
Regionseinheit einer Vielzahl von Regionsein-
heiten der Bildgebungsregion basierend auf der
erfassten Sequenz von Ultraschalldaten zu be-
rechnen, wobei jede Regionseinheit einen oder
mehrere Punkte der Bildgebungsregion um-
fasst;

eine Referenzauswabhleinheit (40, 220), die da-
fur konfiguriert ist, basierend auf den Zeit-Inten-
sitats-Kurven unter der Vielzahl von Regions-
einheiten einen ersten, zweiten und dritten Satz
von Regionseinheiten auszuwabhlen, die jeweils
normalem Gewebe, Gefall bzw. Hinter-
grundrauschen entsprechen;

eine Perfusionsparameter-Berechnungseinheit
(40, 230), die daflr konfiguriert ist, basierend
auf den berechneten Zeit-Intensitats-Kurven ei-
nen Perfusionsparameter fir jede der einen
oder mehreren Regionseinheiten des ersten
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Satzes von Regionseinheiten und einen Perfu-
sionsparameter flr eine interessierende Region
in der Bildgebungsregion zu berechnen;

eine  Referenzperfusionsparameter-Berech-
nungseinheit (40, 240), die dafiir konfiguriert ist,
basierend auf den Perfusionsparametern der ei-
nen oder mehreren Regionseinheiten einen Re-
ferenzperfusionsparameter zu berechnen; und
eine Verhaltnis-Berechnungseinheit (40, 250),
die daflr konfiguriert ist, einen Verhaltniswert
fur die interessierende Region als ein Verhaltnis
des Perfusionsparameters der interessierenden
Region und des Referenzperfusionsparameters
zu berechnen.

Ultraschallbildgebungssystem nach Anspruch 1,
wobei die Referenzauswahleinheit (40, 220) dafur
konfiguriert ist, die ersten, zweiten und dritten Satze
von Regionseinheiten basierend auf dynamischem
Verhalten der berechneten Zeit-Intensitats-Kurven
auszuwahlen.

Ultraschallbildgebungssystem nach Anspruch 2,
wobei die Referenzauswahleinheit (40, 220) dafur
konfiguriert ist, die ersten, zweiten und dritten Satze
von Regionseinheiten basierend auf mindestens ei-
nem Merkmal auszuwahlen, das das dynamische
Verhalten der Zeit-Intensitats-Kurven angibt.

Ultraschallbildgebungssystem nach Anspruch 2,
wobei die Referenzauswahleinheit (40, 220) dafur
konfiguriert ist, die ersten, zweiten und dritten Satze
von Regionseinheiten auszuwahlen, indem die Zeit-
Intensitats-Kurven der Vielzahl von Regionseinhei-
ten in einen Clustering-Analysator eingegeben wer-
den.

Ultraschallbildgebungssystem nach Anspruch 2,
wobei die Referenzauswahleinheit (40, 220) dafur
konfiguriert ist, die ersten, zweiten und dritten Satze
von Regionseinheiten basierend auf vorgegebenen
anfanglichen ersten, zweiten und dritten Satzen von
Regionseinheiten auszuwahlen.

Ultraschallbildgebungssystem nach Anspruch 5,
wobei die Referenzauswahleinheit (40, 220) dafur
konfiguriert ist, die vorgegebenen anfanglichen ers-
ten, zweiten und dritten Satze von Regionseinheiten
basierend auf einer oder mehreren Statistiken Gber
ein Merkmal der Zeit-Intensitats-Kurve fir die Viel-
zahl von Regionseinheiten zu ermitteln.

Ultraschallbildgebungssystem nach Anspruch 6,
wobei das Merkmal der Zeit-Intensitats-Kurve eines
von Folgendem ist: Flache unter der Kurve, Spitzen-
intensitatswert und mittlerer Intensitatswert, und wo-
bei eine oder mehrere Statistiken die mittlere und
Standardabweichung umfassen.
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Ultraschallbildgebungssystem nach Anspruch 1,
wobei

die Perfusionsparameter-Berechnungseinheit wei-
terhin dafir konfiguriert ist, einen Perfusionspara-
meter flr jede Regionseinheit der Vielzahl von Re-
gionseinheiten zu berechnen; und

die Verhaltnis-Berechnungseinheit weiterhin dafir
konfiguriert ist, fir jede Regionseinheit einen Ver-
haltniswert als ein Verhaltnis des Perfusionspara-
meters der Regionseinheit und des Referenzperfu-
sionsparameters zu berechnen.

Ultraschallbildgebungssystem nach Anspruch 1,
wobei die Referenzauswahleinheit weiterhin konfi-
guriert ist zum:

Aufteilen der Bildgebungsregion in eine Vielzahl
von Segmenten, wobei sich jedes Segment auf
einem anderen Tiefenniveau befindet; und
Auswahlen von einer oder mehreren Regions-
einheiten aus dem ersten Satz von Regionsein-
heiten, wobei sich die eine oder mehrere Regi-
onseinheiten in dem Segment befinden, in dem
sich die interessierende Region befindet.

Bildgebungssystem nach Anspruch 1, weiterhin um-
fassend:

einen Bildcodierer, der dafiir konfiguriert ist, ent-
sprechende Anzeigewerte flr die Verhaltnis-
werte zu erzeugen; und
eine Anzeige, die dafiir konfiguriert ist, die An-
zeigewerte anzuzeigen.

Ultraschallbildgebungssystem nach Anspruch 10,
wobei der Bildcodierer weiterhin daflr konfiguriert
ist, die Verhaltniswerte mit unterschiedlichen Farb-
gebungen oder Schattierungen zu codieren.

Ultraschallbildgebungsverfahren, umfassend:

Erfassen (310) einer gespeicherten Sequenz
von Ultraschalldaten einer Bildgebungsregion
eines Subjekts, wenn die Bildgebungsregion mit
Kontrastmittel durchstromt ist;

Berechnen (320) einer Zeit-Intensitats-Kurve
des Kontrastmittels flr jede Regionseinheit ei-
ner Vielzahl von Regionseinheiten der Bildge-
bungsregion basierend auf der erfassten Se-
quenz von Ultraschalldaten, wobei jede Regi-
onseinheit einen oder mehrere Punkte der Bild-
gebungsregion umfasst;

Auswahlen (330) eines ersten, zweiten und drit-
ten Satzes von Regionseinheiten, die jeweils
normalem Gewebe, Gefall bzw. Hinter-
grundrauschen entsprechen, unter der Vielzahl
von Regionseinheiten basierend auf den Zeit-
Intensitats-Kurven;
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Berechnen (350) eines Perfusionsparameters
fur jede der einen oder mehreren Regionsein-
heiten des ersten Satzes von Regionseinheiten
und eines Perfusionsparameters fiir eine inter-
essierende Region in der Bildgebungsregion
basierend auf den berechneten Zeit-Intensitéats-
Kurven;

Berechnen (360) eines Referenzperfusionspa-
rameter basierend auf den Perfusionsparame-
tern der einen oder mehreren Regionseinheiten;
und

Berechnen (370) eines Verhaltniswerts flur die
interessierende Region als ein Verhaltnis des
Perfusionsparameters derinteressierenden Re-
gion und des Referenzperfusionsparameters.

13. Gerat zum Berechnen eines Perfusionsparameter-

Verhaltnisses fir eine interessierende Region in ei-
ner Bildgebungsregion, umfassend:

einen Empfanger (210), der daflr konfiguriert
ist, eine Zeit-Intensitats-Kurve eines Kontrast-
mittels fir jede Regionseinheit einer Vielzahl
von Regionseinheiten der Bildgebungsregion
zu empfangen, wobeijede Regionseinheit einen
oder mehrere Punkte umfasst;

eine Referenzauswabhleinheit (220), die dafir
konfiguriert ist, basierend auf den Zeit-Intensi-
tats-Kurven unter der Vielzahl von Regionsein-
heiten einen ersten, zweiten und dritten Satz von
Regionseinheiten auszuwahlen, die jeweils nor-
malem Gewebe, Gefall bzw. Hintergrundrau-
schen entsprechen;

eine Perfusionsparameter-Berechnungseinheit
(230), die dafir konfiguriert ist, basierend auf
den berechneten Zeit-Intensitats-Kurven einen
Perfusionsparameter fiir jede der einen oder
mehreren Regionseinheiten des ersten Satzes
von Regionseinheiten und einen Perfusionspa-
rameter flr eine interessierende Region zu be-
rechnen;

eine  Referenzperfusionsparameter-Berech-
nungseinheit (240), die daflr konfiguriert ist, ba-
sierend auf den Perfusionsparametern fir die
eine oder mehrere Regionseinheiten einen Re-
ferenzperfusionsparameter zu berechnen; und
eine Verhaltnis-Berechnungseinheit (250), die
dafiirkonfiguriertist, einen Verhaltniswert fir die
interessierende Region als ein Verhaltnis des
Perfusionsparameters derinteressierenden Re-
gion und des Referenzperfusionsparameters zu
berechnen.

14. Verfahren zum Berechnen eines Perfusionsparame-

ter-Verhaltnisses fur eine interessierende Region in
einer Bildgebungsregion, umfassend:

Empfangen einer Zeit-Intensitats-Kurve eines
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Kontrastmittels fir jede Regionseinheit einer
Vielzahl von Regionseinheiten einer Bildge-
bungsregion eines Subjekts, wobei jede Regi-
onseinheit einen oder mehrere Punkte der Bild-
gebungsregion umfasst;

Auswahlen (330) eines ersten, zweiten und drit-
ten Satzes von Regionseinheiten, die jeweils
normalem Gewebe, Gefall bzw. Hinter-
grundrauschen entsprechen, unter der Vielzahl
von Regionseinheiten basierend auf den Zeit-
Intensitats-Kurven;

Berechnen (350) eines Perfusionsparameters
fur jede der einen oder mehreren Regionsein-
heiten des ersten Satzes von Regionseinheiten
und einen Perfusionsparameter fiir eine interes-
sierende Region basierend auf den berechne-
ten Zeit-Intensitats-Kurven;

Berechnen (360) eines Referenzperfusionspa-
rameters basierend auf den Perfusionsparame-
tern fir die eine oder mehrere Regionseinhei-
ten; und

Berechnen (370) eines Verhaltniswerts fiir die
interessierende Region als ein Verhaltnis des
Perfusionsparameters derinteressierenden Re-
gion und des Referenzperfusionsparameters.

15. Computerprodukt, umfassend Computerprogram-

manweisungen, die, wenn sie durch einen Computer
ausgefiihrt werden, das Verfahren nach Anspruch
14 durchfiihren.

Revendications

Systeme d’imagerie a ultrasons, comprenant :

une sonde a ultrasons (10) configurée pour ac-
quérir une séquence de données ultrasonores
d'une zone dimagerie d’'un sujet, lorsqu’un
agent de contraste est perfusé dans la zone
d’'imagerie ;

un calculateur de courbe temps-intensité (40)
configuré pour calculer une courbe temps-inten-
sité de I'agent de contraste pour chaque unité
de région d’une pluralité d’'unités de région de
la zone d'imagerie, sur la base de la séquence
acquise de données ultrasonores, chaque unité
de région comprenant un ou plusieurs points de
la zone d'imagerie ;

un sélecteur de référence (40, 220) configuré
pour sélectionner, parmi la pluralité d’unités de
région, un premier, un second et un troisieme
ensembles d’unités de région correspondant
respectivement au tissu normal, aux vaisseaux
et au bruit de fond, sur la base des courbes
temps-intensité ;

un calculateur de paramétre de perfusion (40,
230) configuré pour calculer un parametre de
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perfusion pour chacune d’une ou plusieurs uni-
tés de région du premier ensemble d’unités de
région et un paramétre de perfusion pour une
région d’intérét dans la zone d’imagerie, sur la
base des courbes temps-intensité calculées ;
un calculateur de paramétre de perfusion de ré-
férence (40, 240) configuré pour calculer un pa-
rameétre de perfusion de référence, sur la base
des paramétres de perfusion de ladite une ou
plusieurs unités de région ; et

un calculateur de ratio (40, 250) configuré pour
calculer une valeur de ratio pour la région d’in-
térét sous la forme d’un ratio entre le paramétre
de perfusion de la région d’intérét et le parame-
tre de perfusion de référence.

Systéme d’'imagerie a ultrasons, selon la revendica-
tion 1, danslequel le sélecteur de référence (40, 220)
est configuré pour sélectionner le premier, le second
et le troisieme ensembles d’unités de région, sur la
base du comportement dynamique des courbes
temps-intensité calculées.

Systéme d’'imagerie a ultrasons, selon la revendica-
tion2, danslequel le sélecteur de référence (40, 220)
est configuré pour sélectionner le premier, le second
et le troisieme ensembles d’unités de région, sur la
base d’au moins une caractéristique indiquant le
comportement dynamique des courbes temps-in-
tensité.

Systéme d’'imagerie a ultrasons, selon la revendica-
tion2, danslequel le sélecteur de référence (40, 220)
est configuré pour sélectionner le premier, le second
et le troisieme ensembles d’unités de région, en en-
trantles courbes temps-intensité de la pluralité d’uni-
tés de région dans un analyseur de concentration.

Systéme d’'imagerie a ultrasons, selon la revendica-
tion2, danslequel le sélecteur de référence (40, 220)
est configuré pour sélectionner le premier, le second
et le troisieme ensembles d’unités de région, sur la
base d’'un premier, d’'un second et d’un troisiéme en-
sembles initiaux prédéterminés d’unités de région.

Systéme d’'imagerie a ultrasons, selon la revendica-
tion5, danslequel le sélecteur de référence (40, 220)
est configuré pour déterminer le premier, le second
et le troisieme ensembles initiaux prédéterminés
d’'unités de région, sur la base d’une ou plusieurs
statistiques concernant une caractéristique de la
courbe temps-intensité pour la pluralité d’unités de
région.

Systéme d’'imagerie a ultrasons, selon la revendica-
tion 6, dans lequel la caractéristique de la courbe
temps-intensité est une parmi : la surface sous la
courbe, la valeur d’intensité de pic et la valeur d’in-
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tensité moyenne et la ou les statistiques compren-
nent la moyenne et I'écart type.

Systeme d’imagerie a ultrasons, selon la revendica-
tion 1, dans lequel

le calculateur de paramétre de perfusion esten outre
configuré pour calculer un paramétre de perfusion
pour chaque unité de région de la pluralité d’unités
de région ; et

le calculateur de ratio est en outre configuré pour
calculer, pour chaque unité de région, une valeur de
ratio sous la forme d’un ratio entre le paramétre de
perfusion de 'unité de région et le parametre de per-
fusion de référence.

Systeme d’imagerie a ultrasons, selon la revendica-
tion 1, dans lequel le sélecteur de référence est en
outre configuré :

pour diviser la zone d'imagerie en une pluralité
de segments, chaque segment étant situé a un
niveau de profondeur différent, et

pour sélectionner ladite une ou plusieurs unités
de région, a partir du premier ensemble d’unités
de région, ladite une ou plusieurs unités de ré-
gion étant situées dans le segment ou est située
la région d’intérét.

Systeme d’imagerie a ultrasons, selon la revendica-
tion 1, comprenant en outre :

un encodeur d’'image configuré pour produire
des valeurs d’affichage correspondante pour les
valeurs de ratio ; et

un écran configuré pour afficher les valeurs d’af-
fichage.

Systeme d’imagerie a ultrasons, selon la revendica-
tion 10, dans lequel 'encodeur d’'image et en outre
configuré pour encoder des valeurs de ratio avec
une coloration ou un ombrage distinctif.

Procédé d’imagerie a ultrasons, comprenant :

'acquisition (310) d’'une séquence mémorisée
de données ultrasonores d’'une zone d’'imagerie
d'unsujetlorsqu’unagentde contraste a été per-
fusé dans la zone d’'imagerie ;

le calcul (320) d’'une courbe temps-intensité de
I'agent de contraste pour chaque unité de région
d'une pluralité d'unités de région de la zone
d’'imagerie, sur la base de la séquence acquise
de données ultrasonores, chaque unité de ré-
gion comprenant un ou plusieurs points de la
zone d’imagerie ;

la sélection (330), parmi la pluralité d’unités de
région, d’'un premier, d'un second et d'un troi-
sieme ensembles d’unités de région, correspon-
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dant respectivement au tissu normal, aux vais-
seaux et au bruit de fond, sur la base des cour-
bes temps-intensité ;

le calcul (350) d’'un parameétre de perfusion pour
chacune d’'une ou plusieurs unités de région du
premier ensemble d’unités de région et d’un pa-
rametre de perfusion pour une région d’'intérét
danslazoned’imagerie, surlabase des courbes
temps-intensité calculées ;

le calcul (360) d’'un paramétre de perfusion de
référence, sur la base des parameétres de per-
fusion d’une ou plusieurs des unités de région ;
et

le calcul (370) d’une valeur de ratio pour la ré-
gion d’intérét sous la forme d’un ratio entre le
paramétre de perfusion de la région d’intérét et
le paramétre de perfusion de référence.

13. Appareil pour calculer un ratio de paramétre de per-

fusion pour unerégiond’intérétdans une zone d’'ima-
gerie, comprenant :

un récepteur (210) configuré pour recevoir une
courbe temps-intensité d’'un agent de contraste
pour chaque unité de région d’'une pluralité
d’'unités de région de la zone d’'imagerie, chaque
unité de région comprenant un ou plusieurs
points de la zone d’imagerie ;

un sélecteur de référence (220) configuré pour
sélectionner, parmi la pluralité d’unités de ré-
gion, un premier, un second et un troisieme en-
sembles d’unités de région, correspondant res-
pectivement au tissu normal, aux vaisseaux et
au bruit de fond, surla base des courbes temps-
intensité ;

un calculateur de parametre de perfusion (230)
configuré pour calculer un parameétre de perfu-
sion pour chacune d’une ou plusieurs unités de
région du premier ensemble d’unités de région
et un paramétre de perfusion pour une région
d’intérét, sur la base des courbes temps-inten-
sité calculées ;

un calculateur de paramétre de perfusion de ré-
férence (240) configuré pour calculer un para-
métre de perfusion de référence, surla base des
parameétres de perfusion de ladite une ou plu-
sieurs unités de région ; et

un calculateur de ratio (250) configuré pour cal-
culer une valeur de ratio pour la région d’intérét
sous la forme d’un ratio entre le parameétre de
perfusion de la région d’intérét et le parameétre
de perfusion de référence.

14. Procédé de calcul d’'un rapport de paramétre de per-

fusion pour unerégiond’intérétdans une zone d’'ima-
gerie, comprenant :

la réception d’'une courbe temps-intensité d’un
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agent de contraste pour chaque unité de région
d'une pluralité d’unités de région d’'une zone
d’'imagerie d’'un sujet, chaque unité de région
comprenant un ou plusieurs points de la zone
d’'imagerie ;

la sélection (330) parmi la pluralité d’unités de
région, d’'un premier, d’'un second et d'un troi-
siéme ensembles d’unités de région correspon-
dant respectivement au tissu normal, aux vais-
seaux et au bruit de fond, sur la base des cour-
bes temps-intensité ;

le calcul (350) d’'un parametre de perfusion pour
chacuned’une ou plusieurs des unités de région
du premier ensemble d’'unités de région et d’'un
paramétre de perfusion pour une région d’inté-
rét, sur la base des courbes temps-intensité
calculées ;

le calcul (360) d’'un paramétre de perfusion de
référence sur la base des parameétres de perfu-
sion de ladite une ou plusieurs unités de région ;
et

le calcul (370) d’une valeur de ratio pour la ré-
gion d’intérét sous la forme d’un ratio entre le
paramétre de perfusion de la région d’intérét et
le paramétre de perfusion de référence.

15. Produit informatique, comprenant des instructions
d’'un programme informatique, qui, lorsqu’il est exé-
cuté par un ordinateur, applique le procédé de la
revendication 14.
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