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Description

[0001] This invention relates to ultrasonic diagnostic
imaging systems and, in particular, to the use of ultra-
sonic diagnostic imaging systems to assess the progress
of therapeutic treatment of tumors.
[0002] International patent publication WO
2006/090309 (Bruce et al.) describes an ultrasonic im-
aging technique for detecting lesions in the liver by use
of an ultrasonic contrast agent. A bolus of contrast agent
is introduced into the body and the time of arrival of the
contrast agent in the liver is detected. When a bolus of
contrast agent travels through the blood vessels of the
body and begins to appear at a specific organ or location
in the body, the build-up of contrast in the images is
termed the "wash-in" of the contrast agent. As the infu-
sion of contrast agent plateaus at the location in the body
and then declines as it is carried away from the location
by the flow of blood, the decline is termed the "wash-out"
of the contrast agent. In the aforementioned patent pub-
lication the inventors take advantage of the fact that the
flow of blood to the liver comes from two sources, the
hepatic artery and the portal vein. Since the flow of blood
during the first, arterial phase of blood flow will perfuse
HCC and metastatic liver lesions first, the inventors iden-
tify such lesions by detecting the times of arrival of con-
trast agent in the liver during the arterial and the later
portal phase of blood flow. An area of early wash-in of
contrast agent to the liver can be symptomatic of a lesion.
[0003] Once a lesion or metastasis has been identified
by this and/or other means, a treatment regimen is gen-
erally prescribed by a physician. The therapy may involve
hyper-/hypothermia, cytotoxic chemotherapy, or anti-an-
giogenesis agents, for example. The therapy is usually
not performed in a single session, but in several sessions
over a period of weeks or months. At each therapy ses-
sion it is generally desirable for a physician to assess the
progress of the therapy to determine its effectiveness for
the patient. The lesion or metastasis may be imaged di-
agnostically to see whether it is shrinking, for instance.
But often the progress of treatment is slow and only small
changes in the lesion or metastasis have occurred since
the previous session. In such instances it is desirable to
assess the progress of therapy quantitatively by meas-
uring certain characteristics of the tumor. One such
measure is the regression of tumor angiogenesis. As a
lesion or metastasis shrinks with the necrosis of its cells,
the microvasculature which developed to nourish the le-
sion will provide a smaller supply of blood for the lesion
and may itself begin to shrink. One quantitative approach
is to assess this regression of angiogenesis, the decline
in performance of the lesion’s microvasculature. It is de-
sirable that such quantitative measures be repeatable
and immune to variations from one imaging procedure
to the next, such as variation of the bolus injection, patient
cardiac output, and ultrasound machine settings which
may differ from one examination day to another. Elimi-
nating the effects of these variations enables the meas-

urements to be comparable from one therapy session to
another.
[0004] The articles KRIX MARTIN ET AL: "Low me-
chanical index contrast-enhanced ultrasound better re-
flects high arterial perfusion of liver metastases than ar-
terial phase computed tomography" INVESTIGATIVE
RADIOLOGY, LIPPINCOTT WILLIAMS & WILKINS, US,
vol. 39, no. 4, 1 April 2004 (2004-04-01), pages 216-222,
XP009116050, ISSN: 0020-9996, and MARUYAMA ET
AL: "Sonographic shift of hypervascular liver tumor on
blood pool harmonic images with definity: Time-related
changes of contrast-enhanced appearance in rabbit VX2
tumor under extra-low acoustic power" EUROPEAN
JOURNAL OF RADIOLOGY, ELSEVIER SCIENCE, NL,
vol. 56, no. 1, 1 Ocober 2005 (2005-10-01), pages 60-65,
XP005076483, ISSN: 0720-048X; show results of stud-
ies showing differences of echo responses of tumors as
well as surrounding tissue if treated with contrast agents.
[0005] Document EP 1 674 038 A1 shows a perfusion
assessment system including means for providing an
echo-power signal indicative of a reperfusion of a con-
trast agent in a body-part of a living subject following
destruction of a significant portion of the contrast agent
in the body-part, means for associating the echo-power
signal to a perfusion function with an S-shape based on
a plurality of elementary perfusion functions with said S-
shape each one for a corresponding value of at least one
perfusion parameter, the elementary perfusion functions
being weighted according to a probability density distri-
bution of the at least one perfusion parameter, wherein
the S-shape includes an initial portion with substantially
zero first derivatives, a final portion with substantially zero
first derivatives, and a central portion between the initial
portion and the final portion changing monotonically from
a value of the initial portion to a value of the final portion,
means for determining at least one shape indicator of the
probability density distribution, and means for comparing
the at least one shape indicator with at least one prede-
termined further shape indicator to identify morphological
characteristics of the body-part according to a result of
the comparison.
[0006] It is an object of the present invention to provide
new and improved techniques for assessing lesion or
metastasis angiogenesis during a period of therapy for
the tumor.
[0007] According to the present invention, an ultra-
sound diagnostic imaging system according to claim 1
and an ultrasound diagnostic imaging system according
to claim 9 are provided.
[0008] In accordance with the principles, time-intensity
curves of the wash-in and wash-out of ultrasonic contrast
agents are produced and used to quantify the tumor an-
giogenesis resulting from therapy. An image of a lesion
or metastasis is acquired by an ultrasonic imaging sys-
tem and the pathology is continuously imaged as contrast
agent washes into and out of the tissue or organ being
observed. For an accurate measurement of this process
it is desirable to steadily acquire ultrasonic signals from
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the same location of the metastasis as the contrast agent
washes in and out, so that the signal information for time-
intensity curve computation continually emanates from
the same point of the lesion. In accordance with a first
aspect of the present invention, the effects of respiratory
motion are removed by respiratory gating of the data ac-
quisition for time-intensity curve production. A preferred
technique of respiratory gating is one performed by im-
age analysis, in which the presence or absence of an
anatomical landmark in the image, such as the dia-
phragm, is used to decide whether an image is or is not
to be used for time-intensity curve processing.
[0009] In accordance with a further aspect, a time-in-
tensity curve is produced both for ultrasonic data from
the tumor and for ultrasonic data from normal tissue. A
wash-in time (WIT) parameter is calculated for each time-
intensity curve. A wash-in time ratio (WITR) is formed of
the two parameters, which reduces variations in wash-
in time quantification due to factors such as bolus differ-
ences, cardiac output, and ultrasound system settings.
The WITR thus provides an accurate and comparable
indicator of the progress of the therapy.
[0010] In accordance with yet another aspect, the time-
intensity curves of the tumor and normal tissue are sub-
tracted from each other to form a differential time-inten-
sity curve. The shape of the differential time-intensity
curve and its variations over time are another indicator
of the progress of the therapy.
[0011] In the drawings:

FIGURE 1 illustrates in block diagram form an ultra-
sonic diagnostic imaging system constructed in ac-
cordance with the principles of the present invention.
FIGURES 2 and 3 illustrate details of the operation
of the QLab processor of FIGURE 1 in accordance
with the principles of the present invention.
FIGURE 4 illustrates respiratory gating through im-
age processing in accordance with the principles of
the present invention.
FIGURE 5 is an illustration of ROIs for time-intensity
curves in accordance with the present invention in
an image of the liver acquired during the arterial
phase.
FIGURE 6 is an illustration of ROIs for time-intensity
curves in accordance with the present invention in
an image of the liver acquired during the late portal
phase.
FIGURE 7 illustrates time-intensity curves for a met-
astatic lesion and normal parenchyma.
FIGURE 8 illustrates the identification of the dia-
phragm in an ultrasound image for respiratory gating
in accordance with the principles of the present in-
vention.
FIGURES 9a-9d illustrate the production and sub-
traction of time-intensity curves to form a differential
time-intensity curve in accordance with the principles
of the present invention.
FIGURE 10 illustrates the clinical results of assess-

ments of therapeutic progress in accordance with
the present invention.

[0012] Referring first to FIGURE 1, an ultrasound sys-
tem constructed in accordance with the principles of the
present invention is shown in block diagram form. This
system operated by scanning a two or three dimensional
region of the body being imaged with ultrasonic transmit
beams. As each beam is transmitted along its steered
patch through the body, the beam returns echo signals
with linear and nonlinear (fundamental and harmonic fre-
quency) components corresponding to the transmitted
frequency components. The transmit signals are modu-
lated by the nonlinear response of contrast agent micro-
bubbles encountered by the beam, thereby generating
echo signals with harmonic components.
[0013] The ultrasound system of FIGURE 1 utilizes a
transmitter 16 which transmits waves or pulses of a se-
lected modulation characteristic in a desired beam direc-
tion for the return of harmonic echo components from
scatterers within the body. The transmitter is responsive
to a number of control parameters which determine the
characteristics of the transmit beams, including the fre-
quency 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 trans-
mit/receive switch 14 to the elements of an array trans-
ducer 12 of an ultrasound probe 10. The array transducer
can be a one dimensional array for planar (two dimen-
sional) imagine or a two dimensional array for two dimen-
sional or volumetric (three dimensional) imaging.
[0014] The transducer array 12 receives echoes from
the body containing fundamental (linear) and harmonic
(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 then combines them to form a sequence of linear
and harmonic signals along the beam from shallow to
deeper depths. Preferably the beamformer is a digital
beamformer operating on digitized echo signals to pro-
duce 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 pro-
duces two or more sequences of echo signals along mul-
tiple spatially distinct receive scanlines in response to a
single transmit beam, which is particularly useful for 3D
imaging. The beamformed echo signals are coupled to
an ensemble memory 22
[0015] In the ultrasound system of FIGURE 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
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by the nonlinear signal separator 24 to produce the de-
sired nonlinear or harmonic signals. For example, two
pulses with 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 and the harmonic compo-
nents to reinforce each other. This separates out the har-
monic 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. This separates
out fundamental frequencies for construction of a stand-
ard B mode image. This modulation 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.)
[0016] The separated signals are filtered by a filter 30
to further remove unwanted frequency components, 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 sig-
nals are then processed for the formation of two dimen-
sional, three dimensional, spectral, parametric, or other
desired image in image processor 36, and the image is
then displayed on a display 38. Detected fundamental
(linear) signals which do not need speckle reduction
processing are coupled directly to the image processor
36 for image formation and display.
[0017] In accordance with the principles 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 char-
acteristics produced by the QLab processor are coupled
back to the image processor where they may be dis-
played 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,
Massachusetts.
[0018] A standard QLab processor produces the well-
know time-intensity curves, also referred to as perfusion
curves for reperfusion curves. See US patent 5,833,613
(Averkiou et al.), international patent publication WO
2005/099579 (Rafter), and international patent publica-
tion WO 2005/054898 (Garg et al.) As these publications
illustrate, the build-up of contrast agent at points in the
tissue (points in the image) 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 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 parametric image 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.)
[0019] In an implementation of the present invention,
contrast agent perfusion echo data is acquired over a
sequence of images as the contrast agent arrives at the
location of a metastasis in the body, builds up, and then
washes out. The intensity values of the echoes will thus
start from a baseline level of no contrast agent present,
then rise, plateau, and decline as the contrast agent
washes out. A curve-fitting algorithm then fits this data
variation to an error function defined as 

where I (t) is the linear intensity at time t, A is the maximum
intensity over the baseline offset, T is wash-in time pa-
rameter which is linearly proportional to wash-in time
(e.g., from 5%-95%), I0 is baseline offset, and t0 is a time
offset. The wash-in time is preferably extracted from the
fitted curve instead of the noisy image data. Preferably
the contrast agent echo data does not undergo data com-
pression prior to this processing so that the data remains
in its acquired linear relationship. Another approach is to
fit the whole time-intensity curve (instead of just the wash-
in part) to appropriate mathematical models as the log-
normal distribution for example defined as 

where m and σ are the mean and standard deviation of
the normal distribution from which the logarithmic trans-
formation was obtained. The curve can be scaled hori-
zontally by varying • and changed in terms of skewness
by varying ⊗. The area under the curve is A, t0 is the time
offset, and C is the baseline intensity offset. The lognor-
mal fitted curve is used to extract the wash-in time.
[0020] FIGURE 5 illustrates one pair of images in a
sequence of image frames of a metastasis 50 in the sur-
rounding liver tissue. The pair of images are produced
from the same echo data, with the left image being a
second harmonic image which emphasizes the contrast
agent and the right image being a fundamental frequency
image of the same anatomy. When the liver is perfused
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with the contrast agent the perfused metastasis 50
stands out distinctly in the harmonic image and its border
can be outlined by a tracing 52. The tracing can be done
manually or by automated or semi-automated processing
such as border detection, a thresholding process, or a
region-growing technique initiated by indication of a seed
point on the border of the metastasis. The border tracing
52 thus defines the region of interest (ROI) of the metas-
tasis within its border. It is seen that the metastasis 50
is less distinct in the fundamental B mode image on the
right because the harmonic response of the contrast
agent is suppressed in this presentation. With the ROI
of the metastasis delineated by the border tracing 52, the
contrast agent intensity of the metastasis at the time of
acquisition of the image can be measured by combining
the pixel values within the border 52 by integration, sum-
mation, averaging, or other selected combining tech-
nique.
[0021] The images of FIGURE 5 where acquired during
the arterial phase of the blood flow to the liver. FIGURE
6 is a pair of harmonic and fundamental images of the
same tissue and metastasis 50 acquired in the late portal
phase. As previously mentioned, HCC and metastatic
liver lesions generally receive most of their blood per-
fusion during the arterial phase, whereas normal paren-
chyma in the liver receives most of its blood perfusion
during the portal phase, as seen by the greater shading
of the liver in the left image of FIGURE 6. For clarity of
illustration the ultrasound images in this application are
shown as a black-on-white grayscale rendering rather
than the conventional white-on-black.
[0022] In accordance with the principles of the present
invention, a parameter referred to herein as the wash-in
time ratio (WITR) is computed as a quantitative measure
of the perfusion of the metastasis. The WITR is computed
as shown by the block diagram of FIGURE 2. From a
temporal sequence of images of a metastasis or lesion
during contrast agent wash-in and wash-out as shown
by FIGURES 5 and 6, contrast agent intensity values are
computed for the ROIMet of the metastasis 50 as indicat-
ed by box 72. As explained above, these values can be
computed by combining the pixel values of the metasta-
sis ROI for each image of the sequence. In box 74 inten-
sity values are computed for an ROIPar of normal paren-
chyma of the tissue. This may be done by tracing a region
of normal tissue as shown by the tracing 54 in FIGURES
5 and 6, and using the normal tissue perfusion pixel val-
ues within this second tracing. These values are there-
fore perfusion values of normal tissue. In box 76 a time-
intensity curve is fitted to the perfusion values of ROIMet,
and in box 78 a time-intensity curve is fitted to the per-
fusion values of ROIPar. The fit is not always necessary
but it gives a better estimation of WITR. While WITR can
be measured directly from the data, noise in the data can
interfere with the accuracy of the measurement, hence
the reference for curve-fitting. FIGURE 7 is an illustration
of two such time-intensity curves, curve I-IMet from the
ROI of a metastasis and curve TIPar for parenchyma. A

wash-in time parameter WIT is found for each curve, for
example by use of the error function or lognormal distri-
bution described above. This determines a wash-in time
parameter for both the metastasis and normal parenchy-
ma, WITMet and WITPar, respectively. A wash-in time ratio
WITR is then computed from the two wash-in parameters
by divining WITMet by WITPar. The effect of normalizing
WITMet by the wash-in time parameter of normal tissue
is to reduce or eliminate the effects of variables in the
procedure such as bolus size, cardiac output, and ultra-
sound system settings, which may differ from one therapy
session to another. Thus, comparable quantitative meas-
ures of the growth or shrinkage of the metastasis as in-
dicated bt its angiogenesis can be produced for each
therapy session over the period of weeks or months that
the patient is being treated.
[0023] Another quantified measure of metastasis an-
giogenesis which reduces or removes the effects of bolus
injection rate, cardiac output of the patient, or variation
in machine settings is illustrated in FIGURE 3. A time-
intensity curve is fitted for each of the ROIs of the me-
tastasis and the parenchyma as shown in boxes 76 and
78. In boxes 82 and 84, the range of each time-intensity
curve is formalized. A convenient normalization scale is
zero to one. In box 80 a difference curve ΔT-I Curve is
computed as the difference between the two normalized
curves T-I CurveMet and T-I CurvePar. This process and
its results are illustrated in FIGURES 9a-9d. The dots in
FIGURE 9a illustrate the perfusion intensity values of a
metastasis (T-IMet) and normal parenchyma (T-IPar) ac-
quired over a one hundred second period of contrast
agent wash-in and wash-out. The two sets of values are
normalized to the same scale of zero to one, where the
peak intensity value of each data set is scaled to the one
level. These curves illustrate the characteristic early
wash-in of contrast agent during the arterial phase for
the metastasis and the later perfusion of the liver paren-
chyma during the portal phase. In FIGURE 9b a curve
92 (for example error function or lognormal distribution)
is fitted to the perfusion values of the metastasis and a
curve 94 is fitted to the perfusion values of the parenchy-
ma. FIGURE 9c shows the two curves 92 and 94 in darker
lines without the acquired intensity data values. FIGURE
9d shows a curve 90 which is the computed difference
ΔT-I Curve of the two curves 92 and 94 of FIGURE 9c.
When the tumor therapy is successful and the angiogen-
esis of the metastasis declines with treatment, the ΔT-I
Curve will show a progressive flattening and will ap-
proach a straight line. This is an expected result, for when
the lesion has been dissipated its location in the body
will respond like normal parenchyma, and the difference
of the two (now virtually identical) curves for normal tissue
and the lesion location will approach zero. The difference
curve could also be expressed as a parameter value such
as the maximum slope of the difference curve. When the
maximum slope value approaches zero (there is no
slope), this is an indication that the difference curve is
approaching a straight line.

7 8 



EP 2 237 725 B1

6

5

10

15

20

25

30

35

40

45

50

55

[0024] It is seen from the time scale of the graphs of
FIGURES 9a-9d that a typical period of contrast agent
wash-in and wash-out can last for 100 seconds. This
means that a clinician acquiring the image data must
maintain the same image of the lesion steadily for 100
seconds so that each intensity value is of the same region
of the lesion. If the probe moves during the acquisition,
for instance, the lesion can move out of the image plane
and the data acquired cannot be used. Even if the probe
is held steady against the body of the patient, the lesion
can still move relative to the probe field of view due to
the respiratory motion of the patient. One way to over-
come the effect of respiratory motion is to gate the image
acquisition to the respiratory cycle. A respiratory signal
can be acquired by known means such as an elastic band
with strain or pressure sensors around the chest of the
patient. Another technique is to transmit small signals
between sensors across the chest of the patient and
measure the patient’s chest impedance variations.
These and other techniques can produce cyclical signals
of the respiratory cycle and can be used to gate the ac-
quisition of images to the same phase of the respiratory
cycle. In accordance with another aspect of the present
invention, respiratory gating is performed by image
processing as shown in the block diagram of FIGURE 4.
The fundamental frequency images on the right side of
FIGURES 5 and 6 show a distinctly shaded region 60 at
the bottom of each image (which would be bright regions
in a standard white-on-black grayscale ultrasound im-
age). This image landmark 60 is the diaphragm of the
patient in these images. In FIGURE 8 the diaphragm in
the image has been outline by a tracing 62. In the illus-
trated example the tracing 62 is replicated in the same
position on each image of the image frame sequence. If
the anatomy in the image does not move relative to the
probe as the image sequence is acquired, the diaphragm
landmark 60 will be present in the tracing outline 62 in
each image. However, respiratory motion may move the
diaphragm 60 in and out of the tracing, particularly with
deep breaths. The image processor 100 of FIGURE 4
detects this change by looking for the diaphragm land-
mark in the same location, ROID, which is the tracing 62
in the example of FIGURE 8. When the diaphragm land-
mark 60 is found in its expected location in the image
("Yes"), the image is forwarded for processing and quan-
tification. However, if respiratory motion causes the dia-
phragm landmark 60 to move from its expected ROID
location in an image ("NO"), that image is omitted from
processing. This process is applied to all of the images
in the sequence so that respiratory notional effects on
the imaging of the metastasis, as indicated by movement
of the diaphragm, are eliminated by discarding those im-
ages which are not consistently aligned to a constant
location of the diaphragm. There are also other possibly
ways of conducing respiratory gating. For example, a
time-intensity curve can be formed from an ROI that
closely follows a part of the diaphragm and the threshold
of the values are detected. Any image whose intensity

value is below the threshold is then discarded. Other mo-
tion compensation-based algorithms can also detect res-
piratory motion and gate for it.
[0025] The quantified measurements of the present in-
vention have been used in a clinical environment to mon-
itor the results of tumor treatment of eight patients over
three to five therapy sessions. A measurement of the
WITR was computed for each patient for each therapy
session. Results for a good responder and a bad re-
sponder are illustrated in FIGURE 10. As this graph
shows, the WITR approached unity for the successfully
treated patient with each therapy session. For the patient
in the group who ultimately failed to respond to treatment
(denoted as bad responder) the MITR stayed away from
unity. It is seen by this graph that WITR measurement is
well correlated with actual clinical results of therapy and
may be used as a therapy biomarker.

Claims

1. An ultrasonic diagnostic imaging system for assess-
ing the progress of tumor therapy comprising:

an ultrasound probe (10) for acquiring a se-
quence of ultrasound images of a tumor (50) and
its adjoining tissue as a contrast agent perfuses
the tissue;
a time-intensity parameter calculator (40) which
computes a wash-in parameter of the contrast
agent for the tumor (50) and for normal tissue;
and
a ratio calculator (40) which computes a ratio of
the wash-in parameter of the tumor (50) and the
wash-in parameter of the normal tissue, char-
acterized in that the sequence of ultrasound
images contains contrast agent echo data; and
wherein the time-intensity parameter calculator
further fits a curve to the contrast agent echo
data.

2. The ultrasonic diagnostic imaging system of Claim
1, wherein the wash-in parameter is a curve param-
eter.

3. The ultrasonic diagnostic imaging system of Claim
1, wherein the time-intensity parameter calculator
further fits the contrast agent echo data to an error
function.

4. The ultrasonic diagnostic imaging system of Claim
3, wherein the wash-in parameter is a parameter of
the error function.

5. The ultrasonic diagnostic imaging system of Claim
1, wherein the time-intensity parameter calculator
fits the contrast agent echo data to a mathematical
model.
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6. The ultrasonic diagnostic imaging system of Claim
1, wherein the time-intensity parameter calculator
computes a wash-in parameter of the contrast agent
for the tumor from a ROI in the sequence of images
which is identified manually.

7. The ultrasonic diagnostic imaging system of Claim
1, wherein the time-intensity parameter calculator
computes a wash-in parameter of the contrast agent
for the tumor from a ROI in the sequence of images
which is identified by image processing.

8. The ultrasonic diagnostic imaging system of Claim
1, wherein the time-intensity parameter calculator
computes a wash-in parameter of the contrast agent
for the normal tissue from a ROI in the sequence of
images which is identified manually.

9. An ultrasonic diagnostic imaging system for assess-
ing the progress of tumor therapy comprising:

an ultrasound probe (10) for acquiring a se-
quence of ultrasound images of a tumor (50) and
its adjoining tissue as a contrast agent perfuses
the tissue;
a time-intensity curve calculator (40) which com-
putes a time-intensity curve of the contrast agent
for the tumor and for normal tissue ; and
a difference curve calculator (40) which com-
putes a difference curve of tumor and normal
tissue time-intensity curves, characterized in
that the sequence of ultrasound images con-
tains contrast agent echo data; and wherein the
time-intensity curve calculator further fits a curve
to the contrast agent echo data.

10. The ultrasonic diagnostic imaging system of Claim
9, wherein the time-intensity curve calculator further
fits the contrast agent echo data to an error function.

11. The ultrasonic diagnostic imaging system of Claim
9, wherein the time-intensity curve calculator fits the
contrast agent echo data to a mathematical model.

12. The ultrasonic diagnostic imaging system of Claim
9, wherein the time-intensity curve calculator com-
putes a wash-in parameter of the contrast agent for
the tumor from a ROI in the sequence of images
which is identified manually.

Patentansprüche

1. Ultraschallsystem zur diagnostischen Bildgebung
zur Beurteilung des Fortschritts einer Tumorthera-
pie, umfassend:

einen Ultraschallwandler (10) zum Erfassen ei-

ner Sequenz von Ultraschallbildern eines Tu-
mors (50) und seines benachbarten Gewebes,
während ein Kontrastmittel das Gewebe durch-
strömt;
eine Zeit-Intensität-Parameter-Berechnungs-
einheit (40), die einen Einschwemmparameter
des Kontrastmittels für den Tumor (50) und für
normales Gewebe berechnet; und
eine Verhältnis-Berechnungseinheit (40), die
ein Verhältnis des Einschwemmparameters des
Tumors (50) und des Einschwemmparameters
von normalem Gewebe berechnet, dadurch ge-
kennzeichnet, dass die Sequenz von Ultra-
schallbildern Kontrastmittel-Echodaten enthält,
und wobei die Zeit-Intensität-Parameter-Be-
rechnungseinheit weiterhin eine Kurve an die
Kontrastmittel-Echodaten anpasst.

2. Ultraschallsystem zur diagnostischen Bildgebung
nach Anspruch 1, wobei der Einschwemmparameter
ein Kurvenparameter ist.

3. Ultraschallsystem zur diagnostischen Bildgebung
nach Anspruch 1, wobei die Zeit-Intensität-Parame-
ter-Berechnungseinheit weiterhin die Kontrastmittel-
Echodaten an eine Fehlerfunktion anpasst.

4. Ultraschallsystem zur diagnostischen Bildgebung
nach Anspruch 3, wobei der Einschwemmparameter
ein Parameter der Fehlerfunktion ist.

5. Ultraschallsystem zur diagnostischen Bildgebung
nach Anspruch 1, wobei die Zeit-Intensität-Parame-
ter-Berechnungseinheit die Kontrastmittel-Echoda-
ten an ein mathematisches Modell anpasst.

6. Ultraschallsystem zur diagnostischen Bildgebung
nach Anspruch 1, wobei die Zeit-Intensität-Parame-
ter-Berechnungseinheit einen Einschwemmpara-
meter des Kontrastmittels für den Tumor aus einer
interessierenden Region in der Bildsequenz berech-
net, die manuell identifiziert wurde.

7. Ultraschallsystem zur diagnostischen Bildgebung
nach Anspruch 1, wobei die Zeit-Intensität-Parame-
ter-Berechnungseinheit einen Einschwemmpara-
meter des Kontrastmittels für den Tumor aus einer
interessierenden Region in der Bildsequenz berech-
net, die durch Bildverarbeitung identifiziert wurde.

8. Ultraschallsystem zur diagnostischen Bildgebung
nach Anspruch 1, wobei die Zeit-Intensität-Parame-
ter-Berechnungseinheit einen Einschwemmpara-
meter des Kontrastmittels für das normale Gewebe
aus einer interessierenden Region in der Bildse-
quenz berechnet, die manuell identifiziert wurde.

9. Ultraschallsystem zur diagnostischen Bildgebung
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zur Beurteilung des Fortschritts einer Tumorthera-
pie, umfassend:

einen Ultraschallwandler (10) zum Erfassen ei-
ner Sequenz von Ultraschallbildern eines Tu-
mors (50) und seines benachbarten Gewebes,
während ein Kontrastmittel das Gewebe durch-
strömt;
eine Zeit-Intensität-Kurven-Berechnungsein-
heit (40), die eine Zeit-Intensität-Kurve des Kon-
trastmittels für den Tumor und für normales Ge-
webe berechnet; und
eine Differenzkurven-Berechnungseinheit (40),
die eine Differenzkurve der Tumor- und der Nor-
malgewebe-Zeit-Intensitätskurven berechnet,
dadurch gekennzeichnet, dass die Sequenz
von Ultraschallbildern Kontrastmittel-Echoda-
ten enthält, und wobei die Zeit-Intensität-Kurve-
Berechnungseinheit weiterhin eine Kurve an die
Kontrastmittel-Echodaten anpasst.

10. Ultraschallsystem zur diagnostischen Bildgebung
nach Anspruch 9, wobei die Zeit-Intensität-Kurve-
Berechnungseinheit weiterhin die Kontrastmittel-
Echodaten an eine Fehlerfunktion anpasst.

11. Ultraschallsystem zur diagnostischen Bildgebung
nach Anspruch 9, wobei die Zeit-Intensität-Kurve-
Berechnungseinheit die Kontrastmittel-Echodaten
an ein mathematisches Modell anpasst.

12. Ultraschallsystem zur diagnostischen Bildgebung
nach Anspruch 9, wobei die Zeit-Intensität-Kurve-
Berechnungseinheit einen Einschwemmparameter
des Kontrastmittels für den Tumor aus einer interes-
sierenden Region in der Bildsequenz berechnet, die
manuell identifiziert wurde.

Revendications

1. Système d’imagerie diagnostique ultrasonore pour
évaluer l’évolution d’un traitement d’une tumeur
comprenant :

une sonde à ultrasons (10) pour acquérir une
séquence d’images à ultrasons d’une tumeur
(50) et de son tissu adjacent lorsqu’un agent de
contraste perfuse le tissu ;
un calculateur du paramètre temps-intensité
(40) qui calcule un paramètre d’entrée de l’agent
de contraste pour la tumeur (50) et pour le tissu
normal ; et
un calculateur de rapport (40) qui calcule un rap-
port du paramètre d’entrée de la tumeur (50) et
du paramètre d’entrée du tissu normal, carac-
térisé en ce que la séquence des images à ul-
trasons contient des données échographiques

de l’agent de contraste ; et dans lequel le calcu-
lateur du paramètre temps-intensité ajuste en
outre une courbe aux données échographiques
de l’agent de contraste.

2. Système d’imagerie diagnostique ultrasonore selon
la revendication 1, dans lequel le paramètre d’entrée
est un paramètre sous forme de courbe.

3. Système d’imagerie diagnostique ultrasonore selon
la revendication 1, dans lequel le calculateur du pa-
ramètre temps-intensité ajuste en outre les données
échographiques de l’agent de contraste à une fonc-
tion d’erreur.

4. Système d’imagerie diagnostique ultrasonore selon
la revendication 3, dans lequel le paramètre d’entrée
est un paramètre de la fonction d’erreur.

5. Système d’imagerie diagnostique ultrasonore selon
la revendication 1, dans lequel le calculateur du pa-
ramètre temps-intensité ajuste les données écho-
graphiques de l’agent de contraste à un modèle ma-
thématique.

6. Système d’imagerie diagnostique ultrasonore selon
la revendication 1, dans lequel le calculateur du pa-
ramètre temps-intensité calcule un paramètre d’en-
trée de l’agent de contraste pour la tumeur à partir
d’une ROI dans la séquence d’images qui est iden-
tifiée manuellement.

7. Système d’imagerie diagnostique ultrasonore selon
la revendication 1, dans lequel le calculateur du pa-
ramètre temps-intensité calcule un paramètre d’en-
trée de l’agent de contraste pour la tumeur à partir
d’une ROI dans la séquence d’images qui est iden-
tifiée par un traitement d’image.

8. Système d’imagerie diagnostique ultrasonore selon
la revendication 1, dans lequel le calculateur du pa-
ramètre temps-intensité calcule un paramètre d’en-
trée de l’agent de contraste pour le tissu normal à
partir d’une ROI dans la séquence d’images qui est
identifiée manuellement.

9. Système d’imagerie diagnostique ultrasonore pour
évaluer l’évolution d’un traitement d’une tumeur
comprenant :

une sonde à ultrasons (10) pour acquérir une
séquence d’images à ultrasons d’une tumeur
(50) et de son tissu adjacent lorsqu’un agent de
contraste perfuse le tissu ;
un calculateur de la courbe temps-intensité (40)
qui calcule une courbe de temps-intensité de
l’agent de contraste pour la tumeur et pour le
tissu normal ; et
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un calculateur de courbe de différence (40) qui
calcule une courbe de différence des courbes
temps-intensité de la tumeur et du tissu normal,
caractérisé en ce que la séquence des images
à ultrasons contient des données échographi-
ques de l’agent de contraste ; et dans lequel le
calculateur de courbe temps-intensité ajuste en
outre une courbe aux données échographiques
de l’agent de contraste.

10. Système d’imagerie diagnostique ultrasonore selon
la revendication 9, dans lequel le calculateur de la
courbe temps-intensité ajuste en outre les données
échographiques de l’agent de contraste à une fonc-
tion d’erreur.

11. Système d’imagerie diagnostique ultrasonore selon
la revendication 9, dans lequel le calculateur de la
courbe temps-intensité ajuste les données échogra-
phiques de l’agent de contraste à un modèle mathé-
matique.

12. Système d’imagerie diagnostique ultrasonore selon
la revendication 9, dans lequel le calculateur de la
courbe temps-intensité calcule un paramètre d’en-
trée de l’agent de contraste pour la tumeur à partir
d’une Roi dans la séquence d’images qui est iden-
tifiée manuellement.
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