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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 imaging
technique for detecting lesions in the liver by use of an
ultrasonic contrast agent and a system according to the
preamble of claim 1. A bolus of contrast agent is intro-
duced 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 infusion of contrast
agent plateaus at the location in the body and then de-
clines as it is carried away from the location by the flow
of blood, the decline is termed the "wash-out" of the con-
trast agent. In the aforementioned patent publication 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 identify such
lesions by detecting the times of arrival of contrast 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 alesion 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, butin several sessions
over a period of weeks or months. At each therapy ses-
sionitis 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
tothe 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-
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nating the effects of these variations enables the meas-
urements to be comparable from one therapy session to
another. Itis 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.

[0004] Theinventionissetoutinclaim1.Inaccordance
with the principles of the present invention, 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
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.

[0005] In accordance with a further aspect of the
presentinvention, a time-intensity 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 re-
duces variations in wash-in time quantification due to fac-
tors such as bolus differences, cardiac output, and ultra-
sound system settings. The WITR thus provides an ac-
curate and comparable indicator of the progress of the
therapy.

[0006] In accordance with yet another aspect of the
present invention, the time-intensity curves of the tumor
and normal tissue are subtracted from each other to form
a differential time-intensity curve. The shape of the dif-
ferential time-intensity curve and its variations over time
are another indicator of the progress of the therapy.
[0007] 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 anillustration of ROls for time-intensity
curves in accordance with the present invention in
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an image of the liver acquired during the arterial
phase.

FIGURE 6 is an illustration of ROls 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.

[0008] 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 operates 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
path 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.

[0009] 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 transmit/
receive switch 14 to the elements of an array transducer
12 of an ultrasound probe 10. The array transducer can
be a one dimensional array for planar (two dimensional)
imaging or a two dimensional array for two dimensional
or volumetric (three dimensional) imaging.

[0010] 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-
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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

[0011] 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
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.)

[0012] 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.

[0013] Inaccordance 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
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curves is available from Philips Healthcare of Andover,
Massachusetts.

[0014] A standard QLab processor produces the well-
known time-intensity curves, alsoreferred to as perfusion
curves or 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 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 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.)

[0015] 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

1(c)=Alerf{{¢~1,)/T}+ 1,]

where I(t) is the linear intensity attime 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%), |, is baseline offset, and t; 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
fitthe whole time-intensity curve (instead of just the wash-
in part) to appropriate mathematical models as the log-
normal distribution for example defined as
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where p. and ¢ 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, f; is the time
offset, and Cis the baseline intensity offset. The lognor-
mal fitted curve is used to extract the wash-in time.
[0016] 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
agentand the rightimage being a fundamental frequency
image of the same anatomy. When the liver is perfused
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.
[0017] Theimages of FIGURE 5 were 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 matastatic
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.
[0018] Inaccordance 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 POl of the metastasis 50 as indicated
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by box 72. As explained above, these values can be com-
puted by combining the pixel values of the metastasis
ROI for each image of the sequence. In box 74 intensity
values are computed for an ROIp,, of normal parenchy-
ma 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 ROl
and in box 78 a time-intensity curve is fitted to the per-
fusion values of ROlp,,. 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 preference for curve-fitting. FIGURE 7 is an illustra-
tion of two such time-intensity curves, curve T-ly from
the ROI of a metastasis and curve Tlp,, for parenchyma.
A wash-in time parameter WIT is found for each curve,
for example by use of the error function or lognormal
distribution described above. This determines a wash-in
time parameter for both the metastasis and normal pa-
renchyma, WITy,e and WITp,,, respectively. A wash-in
time ratio WITR is then computed from the two wash-in
parameters by dividing WITye by WITp,,. The effect of
normalizing WIT ., by the wash-in time parameter of nor-
mal tissue is to reduce or eliminate the effects of variables
in the procedure such as bolus size, cardiac output, and
ultrasound system settings, which may differ from one
therapy session to another. Thus, comparable quantita-
tive measures of the growth or shrinkage of the metas-
tasis as indicated by its angiogenesis can be produced
for each therapy session over the period of weeks or
months that the patient is being treated.

[0019] 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 normalized. A convenient normalization scale is
zero to one. In box 80 a difference curve AT-I Curve is
computed as the difference between the two normalized
curves T-I Curvey,e; and T-I Curvep,,. 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-ly;et) @and normal parenchyma (T-Ip,,) 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
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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
AT-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 AT-I
Curve will show a progressive flattening and will ap-
proach a straightline. 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 normalftissue
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.

[0020] 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 outlined 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



9 EP 2 234 544 B1 10

detects this change by looking for the diaphragm land-
mark in the same location, ROIp, 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 ROI,
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 motional 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 possible
ways of conducting 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.

[0021] The quantified measurements of the presentin-
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 WITR 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. Anultrasonic 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 and its
adjoining tissue as a contrast agent perfuses the
tissue, a plurality of the ultrasound images fur-
ther including an anatomical landmark (60) in-
dicative of tissue motion; and

a contrast perfusion processor (40) which proc-
esses perfusion parameters from the ultrasound
images

characterized in that the system further com-
prises

an image processor (100) being operable to
identify the anatomical landmark in the ultra-
sound images and

decide whether an ultrasound image is or is not
to be used by said contrast perfusion processor
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based on the presence or absence of the ana-
tomical landmark in the ultrasound image, such
that it enables contrast perfusion processing of
the ultrasound images which include the ana-
tomical landmark.

2. The ultrasonic diagnostic imaging system of Claim
1, wherein the anatomical landmark (60) comprises
the diaphragm of a patient.

3. The ultrasonic diagnostic imaging system of Claim
2, wherein the location of the diaphragm in the im-
ages is indicated by a manual tracing,
wherein the image processor (100) is operable to
identify the presence of image data of the diaphragm
in the manual tracing.

4. The ultrasonic diagnostic imaging system of Claim
2, wherein the location of the diaphragm in the im-
ages is indicated by image processing.

5. The ultrasonic diagnostic imaging system of Claim
1, wherein the image processor (100) is further op-
erable to identify variation of the location of the an-
atomical landmark in the sequence of ultrasound im-
ages.

6. The ultrasonic diagnostic imaging system of Claim
1, wherein the image processor (100) is further op-
erable to omit from the contrast perfusion processing
images in which the anatomical landmark does not
appear in a predetermined position.

7. The ultrasonic diagnostic imaging system of Claim
1, wherein the contrast perfusion processor is further
operable to produce a contrast agent wash-in pa-
rameter.

8. The ultrasonic diagnostic imaging system of Claim
7, wherein the contrast perfusion processor is further
operable to produce a normalized contrast agent
wash-in parameter.

Patentanspriiche

1. Diagnostisches Ultraschall-Bildgebungssystem zur
Beurteilung des Fortschritts der Tumorbehandlung,
wobei das System Folgendes umfasst:

eine Ultraschallsonde (10) zum Erfassen einer
Sequenz von Ultraschallbildern eines Tumors
und seines angrenzenden Gewebes, wahrend
ein Kontrastmittel das Gewebe durchstromt, wo-
bei eine Vielzahl der Ultraschallbilder weiterhin
einen anatomischen Merkpunkt (60) umfasst,
der die Gewebebewegung angibt; und

einen Kontrastperfusionsprozessor (40), der
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Perfusionsparameter von den Ultraschallbildern
verarbeitet,

dadurch gekennzeichnet, dass das System
weiterhin Folgendes umfasst:

einen Bildprozessor (100), der betriebsfahig ist,
um

den anatomischen Merkpunkt in den Ultra-
schallbildern zu identifizieren; und

basierend auf der Anwesenheit oder Abwesen-
heit des anatomischen Merkpunktes in dem Ul-
traschallbild zu entscheiden, ob ein Ultraschall-
bild durch den genannten Kontrastperfusions-
prozessor zu verwenden ist oder nicht, so dass
er die Kontrastperfusionsverarbeitung der Ultra-
schallbilder ermoglicht, die den anatomischen
Merkpunkt enthalten.

Diagnostisches Ultraschall-Bildgebungssystem
nach Anspruch 1, wobei der anatomische Merkpunkt
(60) das Zwerchfell eines Patienten umfasst.

Diagnostisches Ultraschall-Bildgebungssystem
nach Anspruch 2, wobei der Ort des Zwerchfells in
den Bildern durch manuelles Verfolgen angegeben
wird, wobei der Bildprozessor (100) betriebsfahig ist,
um die Anwesenheit von Bilddaten des Zwerchfells
in der manuellen Verfolgung zu identifizieren.

Diagnostisches Ultraschall-Bildgebungssystem
nach Anspruch 2, wobei der Ort des Zwerchfells in
den Bildern durch Bildverarbeitung angegeben wird.

Diagnostisches Ultraschall-Bildgebungssystem
nach Anspruch 1, wobei der Bildprozessor (100) wei-
terhin betriebsfahigist, um die Verdnderung des Orts
des anatomischen Merkpunkts in der Sequenz von
Ultraschallbildern zu identifizieren.

Diagnostisches Ultraschall-Bildgebungssystem
nach Anspruch 1, wobei der Bildprozessor (100) wei-
terhin betriebsfahig ist, um aus der Kontrastperfusi-
onsverarbeitung Bilder wegzulassen, in denen der
anatomische Merkpunkt nicht an einer vorgegebe-
nen Position erscheint.

Diagnostisches Ultraschall-Bildgebungssystem
nach Anspruch 1, wobei der Kontrastperfusionspro-
zessor weiterhin betriebsfahig ist, um einen Kon-
trastmittel-Einwaschparameter zu erzeugen.

Diagnostisches Ultraschall-Bildgebungssystem
nach Anspruch 7, wobei der Kontrastperfusionspro-
zessor betriebsfahig ist, um einen normalisierten
Kontrastmittel-Einwaschparameter zu erzeugen.
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Revendications

Systéme d’imagerie de diagnostic ultrasonore pour
évaluer I'état d’avancement d'une thérapie
comprenant :

une sonde ultrasonore (10) pour acquérir une
séquence d’images ultrasonores d’'une tumeur
et de son tissu contigu au fur et a mesure qu’un
agent de contraste se propage dans le tissu, une
pluralité d’'images ultrasonores comprenant en
outre un repére anatomique (60) indiquant un
déplacement de tissu ; et

un processeur de propagation d’agent de con-
traste (40) qui traite des parametres de propa-
gation a partir des images ultrasonores,
caractérisé en ce que le systtme comprend
en outre :

un processeur d'images (100) pouvant étre uti-
lisé pour :

identifier le repére anatomique dans les
images ultrasonores, et

décider si une image ultrasonore doit étre
utilisée ou pas par ledit processeur de pro-
pagation d’agent de contraste sur la base
de la présence ou de I'absence du repére
anatomique dans l'image ultrasonore, de
maniére a permettre le traitement de pro-
pagation d’agent de contraste des images
ultrasonores comprenant le repére anato-
mique.

Systéme d’imagerie de diagnostic ultrasonore selon
la revendication 1, dans lequel le repére anatomique
(60) comprend le diaphragme d’un patient.

Systéme d’imagerie de diagnostic ultrasonore selon
la revendication 2, dans lequel I'emplacement du
diaphragme dans les images est indiqué par un tra-
¢age manuel, dans lequel le processeur d'images
(100) peut étre utilisé pour identifier la présence de
données d’'image du diaphragme dans le tragage
manuel.

Systéme d’imagerie de diagnostic ultrasonore selon
la revendication 2, dans lequel 'emplacement du
diaphragme dans les images est indiqué par un trai-
tement d'image.

Systéme d’imagerie de diagnostic ultrasonore selon
la revendication 1, dans lequel le processeur d’'ima-
ges (100) peut étre en outre utilisé pour identifier la
variation de I'emplacement du repére anatomique
dans la séquence d’images ultrasonores.

Systéme d’imagerie de diagnostic ultrasonore selon
la revendication 1, dans lequel le processeur d’'ima-
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ges (100) peut en outre étre utilisé pour omettre du
traitement de propagation d’agent de contraste les
images dans lesquelles le repére anatomique n’ap-
parait pas a une position prédéterminée.

Systéeme d’imagerie de diagnostic ultrasonore selon
larevendication 1, dans lequel le processeur de pro-
pagation d’agent de contraste peut en outre étre uti-
lisé pour produire un parameétre d’absorption d’agent
de contraste.

Systéme d’imagerie de diagnostic ultrasonore selon
larevendication 7, dans lequel le processeur de pro-
pagation d’agent de contraste peut en outre étre uti-
lisé pour produire un parameétre d’absorption d’agent
de contraste normalisé.
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