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THERAPY ASSESSMENT WITH ULTRASONIC CONTRAST AGENTS
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(57) Abstract: An ultrasonic imaging apparatus and method are described for monitoring the progress of therapy for pathology such
as lesions, tumors, and metastases by means of contrast agent imaging. A sequence of images are acquired as a bolus of contrast
& agent infuses the tissue containing the pathology. A contrast wash-in time parameter is calculated for both the tumor and normal
& tissue, and a ratio is calculated of the two wash-in time parameters (called WITR) which removes the effects of variations in the
procedure from one therapy monitoring session to another. A difference curve of the time-intensity curves of the pathology and
normal tissue is also produced, which is similarly immune to procedural variations. The motional effects of respiration can be taken
into account by detecting the position of a landmark such as the diaphragm in each of the images of the sequence and discarding
from processing those which exhibit a change in the position of the landmark relative to the probe.
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THERAPY ASSESSMENT WITH ULTRASONIC CONTRASYT AGENTS

application claimg the benetfit of U.S.
provigional application serial no. 61/022,888 filed
January 23, 2008, which iz incorpora 1 herein by
reference.
Thig invention relates to ultrascnic diagnostic
imaging syestems and, in particular, to the use of
S

imaging systems to agsess the

progress of therapeutic treatment of tumors.
International patent publication WO 2006/0%0309
{Bruce et al.) describes an ultrascnic imaging

technique for detecting lesions in the liver by use
cntrast agent. A bolus of contrast

of an ultrasonic ¢

agent is introduced into the body and the time of

[ 451

arrival of the contrast agent in the liver 1
detected. When a bolus of contrast agent travels

through the bloocd vessgsels of the body and begins to
appear at a specific organ or location in the ho
the build-up of contrast in the images 1g termed the

"wash-in" of the contrast agent. Ag the infusion of

ntrast agent plateaus

the location in the bhody

B

w
n T

and then declines as it
tion by the flow of bl

l L
]
O
u
o
o]
e}
’...l
P.
]
3
[#)
0}
]
o
[N

loca

the *wash-out" of the contrast agent. In the

afcrementioned patent publication the inventors take
e

advantage of the fact that the flow of bl

and metasgtatlic liver legiong first, the inventors

detecting the times of

w
’._
o
]
w
o
G
Cu

e
rast agent in the liver during thes
e later portal phase of blood flow.

An area of sarly wash-in of contrast agent to the
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liver can be symptomatic of a lesion.

.

-

Once a lesion or mebastagis hasg been identified

treatment regimen 18

pal

by this and/or other mean

(]
&

= 7
generally prescribed by a physician. The therapy may

e hyper-/hypothermia, ¢vichioxic chenotherapy,

-

The

for exampl

rioed in a single session,

the therapv to determine iitsg effectiveness for the
patient. The lesion or metastasls may be imaged

hrinking, for

5
=3
A
=
0]
=
i,._i.
-t
l,.'.
w
4]
oL
I

diagnostically to se

instance. But often the progress of treatment 1g

-
1

w and only small changes in the lesion orx

|-

o

metastasis have occurred since the previo
In such instances it ig desirable to assess the
progress of therapy guantitatively by measuring
certain charachteristics of the tumor. (Ons such

Lumer angiogenesis. AS

h

with the necrogig o
ire which developed to
i1l provide a smaller supply of
ay itgelf begin to shrink.

Lo assess this

regresgion of angiogenesis, the de

repeatable and ilmmune to variations from one imaging
procedure to the next, such ag variation of the holus
injection, patient cardiac output, and ultrasound
machine setitings which may differ from one
examination dav to another. Eliminating the effects
of thegse variations enables the measurements to be

cemparable from one therapy sessicon to another. It
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ig an object of the present inventicn to provide new

and improved technigues for assess] esion or

o]
te]
-

i
metagtasis anglogenesis during a period of therapy
for the tumor.

In accordance with the principles of the present
invention, time-intensity curves of the wash-in and
wash-outt of ultrasonic contrast agents are produced
and used to guantify the tumor anglogenesis regultlng

m

from therapy. A&An image of a lesion or

;._.1

acguired bv an ultrasonic imaging svystem and the
u o

on
pathology ig continuously imaged ag contrast

o]

agent

washes into and ocut of the tissue or

C

rgan being

-

observed. For a

3

(“.
(‘“ G
o
r—n
I
na
o
[¢5]

accurate msasuremsa

[
5

Twkb]

process it 1s desirable to steadily acgquire
ultrasonic gignalg from the same location of the
metastasis as the contrast agent washeg in and out,
so that the signal information for time-intensity
curve computation continually emanates from the same
point of the lesion. In aceordance with a first
aspect of the present invention, the eff
regpiratory motion are removed by respir

at
of the data for time-intensity curve

roduction.

of
gating is one perfcormed by image analysis, in which

'}

the presence or absence of an anatomical landmark in

f

the image, such ag the diaphragm, i1s uged to decide
whether an image igs or igs nobt tc be used for time-
intenglty curve processing.

In accordance with a further aspect of the
present invention, A time-intengiityv curve is produced

ata from the tumor and for

0

both for ultrasonic

ultrasonic data from normal tigssue. A wagsh-in time

=
3
-
o
W
=
)]
5y
1)
it
]
=
3
-

ig calculated for each time-intensity
curve. A wash-in time ratio (WITR) is formed of the

redures variaticong in wasgh-in
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time guantification due to fact
differences, cardiac output, a
ettings. The WITR thug pr
comparable indicator of the progress of the therapy.
In accordance with vet another aspect of the
present invention, the time-intensity curves of the
tumor and normal tissus are subtracted from eac
other to form a differential time-intensity curve.
The sghape of the differential time-intensity curve

dime are another indicator of

T

and its wvariationsg over

N

therapyv.

ot
3
o

a
the progress of

In the drawings:

'..
=
o
u

FIGURE 1 illustrates in block diagram form an
sonic diagnestic imaging system constructed in
accordance with the principles of the present
nvention.

FIGURES 2 and 3 1llustrate details of the
operation of the QLab procegsor of FIGURE 1 in
accordance with the principles of the present
invention.

FIGURE 4 illustrates regpiratory gating through

image processing in accordance with the px iples of

the present invention.

FIGURE 5 ation of ROIs for time-

H

-
H
L

rdan

O
invention in an image of the liver acguired during

w

T
~ L

l,..
[¥5]
3]
]
P.

nce with the present

SJ)

intensity curves in acao

the arterial phase.

FIGURE 6 is an illustration of ROIs for time-

o

intensity curves in accordance with the present

invention in an image of the liver acguired during

@
metastatic lesicn and normal
FIGURE 8 illustrate

res ‘Oq_fal ory

o
’...l
o
=
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[#)
G
o
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%
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m
-+
O
I

diaphragm in an
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gating in accordance with the principles of the
present invention.

FIGURES %a-9d illustrate the production and
traction of time-intensity curves te form a
ferential time—intensity curve in accordance with

~+
=s
D
ko]
-3
.
]
¢!
s
=0
e
D
0!
O
-
L ot
,_3

assessments of the

('T‘
ke}
-
Q
0
=
o
n
ol
0
O
N
O
o))
-
{1
[t

with the present invention.
Referving first to FIGURE 1, an ultrasound

svaten constructed in accordance with the principles

-

v
of the present invention iz shown in block diagram
form. This gvstem operates by scanning a two o
three dimensicnal region of the body beling imaged
with uvltrasonic transmit beamzs, Ag each beam ig

transmitted along its

[#4]

('.'>

stearad path through the body,

ignalsg with linear and

pal

the beam returns echo

(]
{1

-

wcnliinear {(fundamental and harmonic freguency)
componenits corresponding to the transmitted freguency
COon

nponents. The transmit signals are modulated by

ot

che noniinear response of contrast agent microbubbles
encountered by the beam, therebyv genervating echo
signals with harmonic components.

The ultrasgcound gystenm of FIGURE 1 utilizeg a
transmititer 16 which transmits waves or pulses of a

selected modulation characterigtic in a desired beam

direction for the return of harmonic echo componants

from scatterers within the body. The transmitter is

,._«

eapongsive to a number of contrel parameters which
e characteristics of the transmit bheams
including the fregquency components of the transmit
beam, thelir relative intensities or amplitudes, and
the phase or polarity of the transmit signals. The
transmitter iz coupled by a transmit/receive switch

P
1
4

4 to the elements of an array transducer 12 of an
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ultrasound probe 10. The array transducer can be a
ne dimensional array for planar (two dimensional)
imaging or a two dimensional array for two
dimengional or volumetric {(three dimensional)
imaging.

The transducer arrvay 12 receives echoes from the
body containing fundamental (linear) and harmonic
{nonlinear) freguency components which are within the
trangducer passband. These echo =zignals are coupled
by the switch 14 to a beamformer 18 which
appropriately delavs echo gignalg from the different
ements then combines them to form a
inear and harmonic signals along the
beam from shallow to deeper depths. Preferably the

eamformer operating on
digitized echo signals to produce a seguence of
discrete c¢cherent digital echo signals from a near
field to a far field depth of the image. The
beamformer mayv be a multiline beamformer which
produces twe or more seguences of echo signals along
multiple spatially distinct recelve gcaniines in

response Lo a single transmit beam, which is

particularly useful for 3D imaging. The beamformed

echo signals are coupiled to an ensemble memory 22

In the ultrasound system of
waves or pulses are transmitted in each beam
direction uging different modulaticn techniques,
resulbing in the reception of multiple echoes for
each scanned point in the image field. The echoes
corresponding Lo a common spatial location are
referred to herein as an ensemble of echoes, and are
gtored in the ensemble memory 22, from which they can
be retrieved and processed together. The achoes of
an ensemble are combined in variocus ways by the

nonlinear signal separator 24 to produce the desirved
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nonliinear or harmonic ignalg, For example, two
Ol

C
ses with different phase or pelarity modulation
can be transmitted to each peoint in the image field.
When the echcoes resulting from the two pulsges are
recelvaed by the ultrasound system and additively
combined, the different modulation causes the
fundamental freguency componente of the echoes to
cancel and the harmonic components to reinforce each

other. This separategs out the harmonic componenits of

c
the echo signalg. Alternatively, when the two echoes

?"h

re subtracted from each other, the fundamental
freguency compeonents are reinforced and the harmonic
components cancel. This separates cut fundamental
frequencies for construction of a standard B mode
image. This modulation is referred to as "pulse
invergion, " and can be done by phasge, 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 Figher et al.)

g are filtered by a filter

30 to further remove unwanted freguency components,
T

oyt
=
0
b
o
d

e Jected to B mode or Doppler detection by a
detector 32. The detected signals are coupled to a
noniinear signal combiner 34 to reduce image speckle

content. The gignals are then processed for the

formation of two dimensional, three
ir

o
l._l
(D
]
[94]

f-i-

O
]
V]

}.—A

spectral, parametric, or other des

2

wocessor 36, and the image 1s then displaved on a
display 38. Detected fundamental (linear) signals
which do not need speckle reductlion processing are
coupled directly to the image processor 36 for image
formation and display.

In accordance with the principles of the present
invention, the ultrasound image data is also coupled

to a QLabk image processor 40 for the production of
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time-intengity curves and contrast agent wash-in and
wash-out characteristics. The time-intensity curves
and characteristics produced by the QLab processor
are coupled back to the image processgsor where they

may be displayed numerically or graphically on the
T s

the ultrascund images A
which ig suitable for the
2nsity curves iz available from

Andove

ceg the well-
known time-intensity curvesg, also referrvred to as
perfusion curves or reperfusion curves

patent 5,833,613 {Averkiou et al.}, inte

patent publ tion WO 2005/089%79 (Rafter). and
international patent publication WO 2
2t al.} As thesge publications illustra

up of contrast agent at points in the tissue (points
in the image) 1z 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
intengity of echoes returned frcom contrast agent

microbubblegs at each point, and is present in a

seguence of images acquired by low power {(low MI)
transmission asg the contrast agent waghes into the
tissue. A time-intensity curve can be formed of this
build-up of contrast intensity and its subseguent
decline during wasgsh-outbt of the contrast agent for
ach point in the tissue which returnsg the time

seguence of echoes frame-by-frame. A gualitative
presentation cf the time-intensity curves for the
entire tissue being viewed c¢an be formed by coloring
each pixel in an anatomical image with a color that

represents a parameter of the time-intensity curves

)

at each peint in the Image. The Garg et al.

appiication illustrates the formaticn of a parametric
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image of the myocardium where the cclor of each pixel

in the image repregents the peak level attained by

e

the time-intenszity curve at each point in the
myocardium, for example. See algo US patent
6,682,438 {(Skvba et al.)

In an implementation of the present invention,
coentrast agent perfusion echo data is acquired over a
seguence of images Az the contrast agent arrives at
the location of a metastasis in the body, builds up,
and then washes out. The intensgsity values of the
echoss will thusg start from a bageline leavel of no
contrast agent present, then rise, plateau, and

ciine as the contrast agent washes cut. A curve-
fitting algerithm then fits this data variation Lo an
error function def_“ed u~

)= Alerf =1, )/ T+ 1]

where I{L} i1g the linear intensity at time t, A ig

the maximum intensity over the bhagel

C
wagh-in time parameter which i1s linearly proportional
to wagh-in time {e.g., from 5%-95%), I ig bageline
offset, and t, is a time offset. The wash-in time is
preferably extracted from the fitted curve instead of

“he noisy image data. Preferably the contrast agent

-

cho data dees not undergo data compression prior to

1]

[
JLAN A I

o

processing so that the data remalins in its

i

[
acgulred linear relationship. Ancther approach is to
ftit the whole time-intengity curve {instead of just
the wash-in part) to appropriate mathematical models

as the logrnormal di stv bxt]on for example defined as

N 4
I)=

where;zandcr are the mean and standard deviation of
the normal digstribution from which the logarithmic
transformation wasg cbtained. The curve can be scaled

horizontally by varying = and changed in terms of
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skewness by varving . The area under the curve 1z 4,
tis the time offset, and ¢ is the baseline intensity
offgset. The lognormal fitted curve ig used to extract
the wash-in time.

FIGURE 5 illustrates one palr of images in a

[S2]

alts

seguence of image frames of a metagtasis 50 in the
surrounding liver tlgsue. The palr of images are

roduced from the zame echo data, with the left
being a second harmonic Iimage which emphasiz
contrast agent and the right image being a
fundamental freguency 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 horder can be outlinad by

JE,
(S

a tracing 52. The tracing c¢an be done manually or by

automated or gsemi-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

20 tracing 52 thusgs defines the region of interest {(ROI)

of the metastaslis within its border. Ft is smesn that

the metastasgsig 50 1z less distinct in the fundamental

right because the harmonic

regponse of the contrast agent 1s suppregssed in this

2
1

3
P

O
presentation. With the ROI of the metastasis
delineataed by the border tracing 52, the contrast
agent intengity of the metastasisg at the time of
acgulsition of the image can be measured by combining
the pixel values within the border 52 by integration,
30 summation, averaging, or other selected combining
technigque.
The images of FIGURE b were acguired during the
arterial phase of the blood flow to the liver.
FIGURE 6 1s a pair of harmonic and fundament

25 of the same tissue and metastasis 50 acguired in the
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late portal phase. Ag previcusly mentioconed, HCC and
matastatic liver lesionsg generally receive most of
their blooed perfusion during the arterial phase,
whereas normal parenchyma in the liver receives most
5 of itg blood perfusion during the portal phase, ag
seen by the greater shading of the liver in the left
image of FIGURE &. For ciarity of illustration the
ultrasound images in this applicati are shown as a
black-on-white grayscale rendering rather than the
10 conventional white-cn-black.

P
a

T &
LN ace

ordance with the principles of

invention, a parameter referred to herein ag the
wash- time ratio {WITR) is computed ag a
guantitative measure of the perfusion of the

15 metastasis The WITR iz computed as shown by the

block diagram of FIGURE 2. From a temporal seguence
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 fo
20 the ROI,_ of the metastasis 50 as indicated by box 72.
As explained above, these values can be computed by
gy the pixel values of the metastasis ROI for
mage of the geguence. In box 74 intensity
values are computed for an ROI_ . of normal parenchym
25 of the tissue. This may be done by tracing a regiocn
of normal tigsue as shown by the tracing 54 in
FPIGURES 5 and &6, and using the normal tissue
erfusion pizxel values within this second tracing
These values are therefore perfusion values of normal
20 tissue In box 76 a time-intensgity curve is fitted
to the perfusion values of ROT and in box 78 a
time~intensity curve ig fitted to the perfusion
values of RCI, . The fit is not alwayvs necessary but
it gives a better estimation of WITR. While WITR can
35 be measured directly from the data, ncige in the data
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can interfere with the accuracy of the measurement,
hence the preference for curve-fitting. FIGURE 7 is
an 1llustration of two such time-intensity curves,

curve T-I  from the BOI of a metastasis and curve T-

Met

I for parenchyma. A wash-in time parameter W

Par

-ty

is
tound for each curve, for example by uszse of the error

function or lognormal distribution described above.

T
N
il

s determines a wash-in time parameter for both the

[N

netastasis and normal parenchvma,

- - Met

i and WIT, .,

regpectively. A wagh-in time ratic WITR is then
computad from the two wash-in parameters by dividing
WIT,. by WIT, . 7The effect of nermalizing WIT, by the

Pax it

wash-in time parameter of normal tLigsue is to raduce
or =liminate the effects of wvariables in the

procedure such as bolus gsize, cardiac output, and

ultrasound system settings, which may differ from cne
hevapy sesgion to another. Thug, comparable

the growth or shrinkasge of

|£\ t
&

]

(.,

(.,

i

v

;_.

© o
=

(33

&

7

o

I

0]

6]

G

iy

the metastasis as indicated by itg angiogenesis can

n
be produced for each therapy session over the peried

of weeks or monthg that the patient is being treated.
Another guantifisd measure of metastasis

ngiogenesis which reduces or removes the effects of
bolus injection rate, cardiac output of the patient,
or variatlon in machine settingsg is illustrated in

FIGURE 3. A time-lintensity curve is fitted for each

of the ROIs of the metastasis and the parenchyma asg

Il

shown in hoxeg 76 and 78. In koxes 82 and 84, the

~

nge of each time~intensgity curve is normalized., A
convenient normalization scale 18 zero Lo one. In
box 80 a difference curve AT-I Curve is computed as
the difference between the two normalized curves T-I

This process and

GURES 9a-9d.

t-

rfugion intensit
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metastasis (Tmlmx) and normal parenchyma (T-I_ )
acguired over a cne hundred second pericd of contrast
agent wagh-in and wash-out. The two sets of values
are normalized to the same scale of zero to one,
whers the peak intensity value of each data set is
scaled to the one level. These curves i

characteristic early wash-in of contrast a

]
©
3
Ias
o2
c
[
}_.
o]
i}

the arterial phase for the metastasis and the later

perfusion of the

phase. In FIGURE

Liver parenchyma during the portal

]

%

b a curve 92 (for example error
function or lognormal distributicon) is fitted to the
perfusion values of the metastasilis and a curve 94 is
fitted to the perfusion valuss cof the parenchvma.
FIGURE Sc¢ shows the two curves 92 and 24 in darker
lineg without the acguired intensgity data values.

5URE 24 shows a curve 94 which ig the computed
He]

1
curves %2 and 94 of

’;).L
“h Gl

“ference AT-1 Curve of the tw
FIGURE %¢. When the tumor therapy is successful and
the angiogenesls of the metastagle declines witl
treatment, the AT-I Curve will show a progressive
flattening and will approach & straight line. This

18 an expected result, for when the lesion hags been
1

disgipated its location in the body respond like
normal parenchyma, and the difference of the two (now
virtually identical) curves for normal tissue and the
seation will approach zero. The differenc

curve could also be expressed as a parameter value
such as the maximum sliope of the difference curve,
When the maximum slope value approaches zero (there
ig no sliope), this ig an indicati that the
difference curve is approaching a straight line.

It ig geen from the time gcale of the graphs of
PIGURES 9%9z2-94d that a typical pericd of contrast agent
vash-in and wash-out can last for 100 seconds. This

means that a clinician acquiring the image data must
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maintain the same image of the legicon steadily fo

[

100 seconds go that each intensity value is of ths

]

same region of the lesgion. If the probe moves during
the acguisition, for instance, the lesion can move

out of the image plane and the data acguired cannot

(821

bhe used. Even 1f the probe is held steady against

n

the body of the patient, the legion can still move
relative to the probe fiseld of view due to the
respiratory motion of the patient. One way to

10 overcome the effect of respiratory motion is to gate

ion Lo the respiliratory cycle. A

~t

oyt
)
:
=
Q
o]
D
81}
e}
i}
e
.
3
et

re;piratory signal can be acguired by known means
such as an elastic band with strain or pressure

sensors around the chest of the patient. Ancother

}_\
(O3
ot
®
¢
o3
#
i
<
)
}.‘.
0
o+
9]
o
-
o
[
w

all signals between

ors across the chest of the patient and measure

1

O
the patient's chest impedance variations. These and
techniques can produce cvelical signals of the
&

respiratory c¢vele and can be used to gate the

20 acguisition of images to the same phase of the
regpiratory 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 freqguency

25 images on the right side of FIGURES 5 and 6 show a

distinctly shaded region €0 at the bottom of each
image {(which would be bright regions in a standard
white-on~black gravscale ultrascund image). Thig

is the diaphragm cf the patient in

P

image landmark 60
20 these images. In PIGURE 8 the diaphragm in the image
hag been ocutlined by a tracing 2. In

L
lustrated example the tracing 62 lg replicated in

= probe as the image seguence 19
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agm
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he)
'\.

-

landmark 60 will be sent

in the tracing outline 62 in each image. Howsaver,
respiratory motion may move the diaphragm 60 in and
cut of the tracing, particularly with deep breaths.

The image processor

(821

change by looking fox
location, ROI

FIGURE

Sames

o

example of 2.

is found in its expe
10 {("Yes"), the image i

a

guantification. How

cauges the diaphragm .

expacted ROI,

oo
e KD

ormmitted from proc

to all of the images

(S

e
LK

iratory mcetional

location in

100 of FIGURE 4 detects this

r the diaphragm landmark in the

which is the tracing 62 in the
When the diaphragm landmark &0
ted location in the ilmage

is forwarded for processing and

ever, 1f resplratory motlion

andmark 60 to move from its

an image {"No"), that imags
essing. This process is applied

in the sequence so that

effects on the imaging of the

metastasis, az indicated by movement of the
diaphragm, are eliminated by discarding those images
which are not c¢onsistently aligned to a constant

20 location of the diaphragm. There a algo other
possible ways of conducting regpilratory gating For
exampls, a [ime-intensity curve can be formed from an
BOI that closely follows a part of the diaphra and
the threghold ¢f the values are detecte Any image

25 whose intensity value 1g below the threshold ig then
discarded. Other motion compensation-based
algorithme can algo detect respiratory motion and
gate for it

The guantified measurements of the present

30 invention have be used in a <¢linical environment to
monitor the results of tumor treatment of elght
patients over three to five therapy gegsions. A
meagsurenent of the WITR was computed for each patient
tor each therapy session Regsults for a good

35 sgponder and a bad responder are 1llustrated in
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egsion. For the patient in the group who
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As thig graph shows, the WITR approached

the succesgfully treated patient with eact

ultimately falled to respond to treatment (dencted asg

v
bad responder) the WITR staved away from unity. It

is seen by this graph that WITR measurement 1s well

correlated with actual c¢linical resy
a

o
’._.l
o
6]
O
Fh
i
o
0]
N
o1
<

and may bhe used as A therapy hicomarker.
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1. An ultrasonic diagnostic imaging system for
asgessing the progress of tumor therapy comprising:

an ultragscound probe for acgulring a sequence of
ultrasound images of a tumor and its adioining tigsue
ag a contrast agent perfuses the tissue;

a time-intensity parameter calculator which

computes a wash-in paramehber

.ﬁ
o]

-
ot
-y
©
@]
)
s
ot
5
past
M
0
[
jm}

for the tumor and for normal i
lculator which computes a ratio of the
wash-in parameter of the tumor and the wasgh-in

parameter of the normal tissue.

6
o
%
==
G
F

2. The ultragonic diagnostic imaging syst

@

laim 1, wherein the seguence of ultrasound im

jsh]
«Q
i

n

0

ontaing contragt agent echoe data; and
wherein the time-intensity parameter calculator

further fits a curve to the contrast agent =cho data.

3. The ultrasonic diagnostic imaging system of
Claim 2, wherein the wash-1in parameter i1s a ourve
paramater.

4, The ultrasonic diagnosgtic imaging svetem of
Claim 2, wherein the time-intensity parameter
calculator further fits the contrast agent echo data

te an error functi

..
o}

5. The ultrasonic diagnosgtic imaging svetem of
Claim 4, wherein the wash-in parameter 18 a parameter

of the error function.

h

&, The ultrasonic diagnostic imaging system ©

Claim 2, wherein the time-intensgity paramster
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calculator fits the contrast agent echo data to a
mathematical model.

7. The ultragonic diagnostic imaging system of
Claim 1, wherein the time-intensity parameter
calculator computes a wash-in parameter of the
coentrast agent for the tumor from a ROI in the
seguence of images v oh is identified manually.

g. 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
seguence of images which is identified by image
processing

9. The ultrasonic diagnostic imaging svstem of

Claim 1, wherein the time-intengity parameter
calculator computes a wash-in parameter of the
ontrast agent for the normal tissue from a ROI in

the seguence of images which is identified manually.

10. An ultragonic diagnostic imaging system for
aggsessing the progreszsgs of tumor therapy compriging:

an ultrascund probe for acguiring a seguence of

ultrasound images of a tumor and its adijoining tigssue
as a contrast agent perfuses the tissue;

a time-intensity curve calculator which computes
a time-intensity curve of the contrast agent for the
tumor and for normal tissue; and

a difference curve calculator which computes a
difference curve of tumor and normal tissue time-
intengity curves.

il. The ultrascnic diagnostic imaging svstem of

“ 4
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Claim 10,

contains

wherelin the time-intensi

furthexr

a e

Lo

Claim

L4

paranster,

fits a

wherein

contrast

The ultra

wherelin

The ultr

whereln

curve

PCT/IB2009/050276
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the seguence of ultrasound imasges
agent =acho data; and

calculator

data.

ty parameter

to the contrast agent echo

sonic diagnostic imaging system of
the wash-in parameter is a curve
agonic diagnostic imaging system of

the time-intensgiity paramster

calculator further fits the contrast agent echo data
to an error function

14 The ultragonic diagnostic imaging system of
Claim 13, wherein the wash-in parameter is a
parameter of the errcor function.

15 The ultrasonic diagnosgtic imaging svetem of
Claim 11, wherein the time-intensity parameter

alculator fits th

e contragt agent echce data to a

mathematical mocdel.

ig.

Claim 10,

seguence of

calculator
ontrast agent

vence of

agent

The ultra
whereln
compute
for

images

The ultr
wherein

compute
for

images

nic diagnostic imaging system of
the time-intensity parameter
of the

the

s a wash-in parameter
che tumor from a ROI in

identified manually.

asonic diagnogtic imaging syvetem of
the time-intensity parameter
s a wash-in parameter of the

the tumor from a RBOI in
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sonic diagnostic imaging syst

a
Claim 10, wherein the

18. The ultre
> > time~intensity parameter

o))

wash-in parameter of the

(821

calculator computes
o

contrast agent for the normal tigsue from a ROI in

the sequence of images which ig identified manually.
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