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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
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can be symptomatic of a lesion.

RTINS
Liver

Once a legion or metas been

by thig and/or other meansg, a treatment regimen is

generally prescribed by a physician.

involve hyper-/hyvpothermia, c¢vichexic chemotherapy,

-

or anti-angiliogenesis agents, for example. The

(’T
ro
rs
0]
I
W
T
e
S

but in several sessions over a period of wesks or
months At each therapv session it iz genervally
degirablse for a physgician o assess the progress of
the therapy to determine itg effectiveness for the

patient. The lesgicon or metastasis may be

diagnostically to gee whether it is shrinking, for

Rut often

3
i

tance. the progreszss of treatment ig

3
[N IS

-
1

glow and only small changes in the lesion orx
metastasis have occcurred since the previous
instances it ig desgirable to assess the
progress of therapy quantitatively by measuring

characteriastics of the tumocr. One such

certain

Lumor angiogenesis. A

ire which developed to

ovide a smaller supply of

et
)
®
’__..
[0}
4]
}_.: -
i
91
S
H

T
h

curiszh
blood for the lesicn and may itself begin to
e

X hrink
One guantitative approach ig to agsess this
regregsion of angiogenesis, the decline in
performance of the lesion's microvasculature It i
degirable that such guantitatlive measures be

ions from one imagin
variation
and ultrasound

injection, patient cardiac output,

machine settings which may differ from one
exammination dav to another.
of these variatiocons enables the measurements Lo be

comparable from cne therapy session to another. It

EFliminating the efiscts

PCT/IB2009/050276

identified

The therapy may

is usually not performed in a single sesgion,

g

of the kholus

&
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provide new

»-<
3
T
]

ig an object of the present inventi

and improved technigues for as

1]

[45]
(“.

J_h ] or

~.\.)
’...l
0
&
o)
5

metastasis anglogenesis during a period of therapy
for the tumor.
In accordance with the principles of the present
sity curves of the wash-in and
wash-out of ultrasonic contrast agents are produced
and used to guantify the tumor angioqenesis regultling
m

from therapy.

A

acguired byv an ultrasonic imaging system and the
pathology ig continuously imaged ag contrast agent
washes into and cut of the tissue or crgan being
observed. For an accurate measurement of this
process it 1z desirable to steadily acquire
ultragsonic signalg from the same location of the
metastasis as the contrast agent washeg in and out,
so that the signal Iinformation for time-intensity
curve computation continually emanates from the game
point of the lesion. In accordance with a first

aspect of the presgent invention, the eff f

("d
m
O

regpiratory motion are removed by regpiratory gating

&
314

of the data acguizition for time-inte

’Q

<
0
=

urve

ks

<

production. A preferred technique of piratory

H

@

i}

gating performed by image analysis, in which

i

one

o

the presence or absence of an anatomical landmark in
the image, such ag the diaphragm, 1s uged to decide
whether an image is or ig not tc be used for time-
intenglty curve processing,

In accordance with a further asgpect of the
present invention, a bime-intengity curve is produced

ata from the tumor and for

0

both for ultrasonic
5 - - P - oy s N 4 PR
ultrasonic data from normal tissue. A wash-in btime
{(WIT) parameter iz calculated for each tine-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

settings. The WITE thus 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 tissue are subtracted from eac

other to form a differential time-intensity curve.

The shape of the differential time-intensity curve

and its variatlong over time are another indicator of

&
the progress of the therapy.
g

FIGURE 1 illustrates in klock diagram form an
ultrasonic diagnostic imaging system constructed in
accordance with the principles of the present
nvention,

FIGURES Z an

detall

1s of the
of FIGURE 1 in

[

operation of the
accordance with the principles of the present
invention.

FIGURE 4 illustrates regpiratory gating through

h

images procesgsing in accordance with the principles of
the present invention.

FIGURE 5 is an iilustration of ROIg for time-
intensity curves in accordance with the present
invention in an image of the liver acguired during
the arterial phase.

FIGURE 6 1s an iliustration of ROIs for time-
intengity curves in accordance with the present
invention in an image of the liver acguired during
the late portal phase

FIGURE 7 illustrate
metastatic lesion and normal

FIGURE 8 iliustrates the identi

atory
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diaphragm in an ultraso
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gating in accordance with ¢
present invention.
FIGURES %a-9d illiustra

gubtraction of time-intensi
£

('T'

assessments of the

with the present invention.

Referrving first to FIGURE 1,

agvastem construch
of the present i
form. This svstem operates
three dimensional
with ultrasonic

transmitted along its

[#4]

('.'>

the beam returnsgs echo

(A’ 1

pal

niinear (fundamental and

o
components correaponding to
C O

nmponents The transmit

the nonliinear responge of
e

encountered by

signals with harmonic compo

l"'

The ultragound system
Lrans
gelected modulation characte
direction for the return of
ftrom gcatterers within the
espongive to a number of ¢

e

characteristi

incliuding the freguency com

beam, thelr relative intens

the phase or polarity of the transmit

transmitter iz coupled by a

P
1
4

4 to the elements of an ar

L fferential rjme—jntenslty curve in

accordance with the

transmit beams.
steared path through

ignalsg with
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he principleg of the

te the production and
ty curves to form a
ACCOY

rdance with

an ultrasound

-

shown in block diags
the body being imaged
Ag each beam ig
the body,

harmeonic freguency)

]

the transmitted freguency

signals are modulated by

ontrasgt agent microbubkles

therebhyv generating echo

nents.,

of FIGURE 1

mitter 16 which transmits waves or pulses of a

harmeonic echo componants
body. The transmitter is
ontrol parameters which
¢g of the transmit beams,
ponents of the transmit
amplitudes, and

The

ities or

Signals,

t

ive ch
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transmlit/rec
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ultrasound probe 10.

one dimensional arr

PCT/IB2009/050276

The array transducer

ay for planar

{(two dimens

can be a

ional)

imaging or a two dimensional array for two

dimengional or volumetric (three dimensional}
imaging.
The tra

body containing fundamental (linear) and harmonic

{nonlinear) freguency componants which are within the

trangducer passband. Thege eche zignals are coupled

by the switch 14 to a beamformer 18 which

appropriately delavs acho signals from the different

ements then combines them to form a
inear and harmonic signals along the
r depths. Preferably the
camformer operating on
digitized echo gignals to produce a seguence of
discrete ccherent digltal echoe 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 aleong

multiple

(4’2

O
patially distinct recelve gscanlines in
a

response Lo single transmit bheam, which is

particularly useful for 3D imaging. The beamformed

echo signals are coupliled bto an ensemble memory 22

~~

In the ultrascund system of FILIGURE 1, multiple

waves or pulses are transmitted in each beam
direction uging different modulaticn techniques,
ing in the

resul

reception of multiple echoes for

each scanned point in the image field. The echoes

ol

corresponding toc a common spatial location are
referred to herein as an ensenmble of echoes, and are
stored in the ensemble memory 22, from which
be retrieved and processed together. The echoes of
an ensemble are combined in varicus ways by the

nonliinear signal separator 2

aducer array 12 receives echoes from the
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or harmonic signals For example, two

phase or peolarity modulation
the field.

each point in image

When the echcoes resulting from the two pulses are
5 recelvad by the ultrasound system and additively

combined,

fundamenta

cancel and
other.
190 the

freguency

components

frequencies

This separates
acho gignals.

subtracted fr

the different modulation causes the
freguency componants of the echoes to
the harmonic ponents to reinforce each

ale)y
out the harmonic components of
&

c
Alternatively, when the two echo

S

~om each other, the fundamental

compeonents are reinforced and the harmonic

cancel. Thig separateg cut fundamsntal

for construction of a standard B mod

15 image. This meodulati is referred to aszs "pulse
inversion, * and can be done by phase, polarity or
amplitude modulation as described in US patents
5,706,819 {(Hwang et ai.}, 5,951,478 {Hwang et al.),
and 5,577,505 (Brock Filsher =t al.)}

20

3¢ to
then subj
detector

2
1

ontent.
formation ¢
ctral,

spe

TOCRESOY

30 which

coupled directly

formation

in ac

invent

to a QLab

gseparated signals are filtered by a

oted to B mode or

do no

ion,

£il

componants,

ter
remove unwanted freguency

Doppler detection by a

The detected gignals are coupled to a
gignal combiner 34 to reduce image speckle
The gignals are then processed for the

of two dimensional, three dimensional,

parametric, or other image in image
36, and the image 1igs then displaved on a

Detected fundamental signals

t need speckis are

to the image procesgsor 36 for image

and display.
ordance with the principles of the present

also coupled
of

3
)

the ultrasound image data

image processor 40 for the production
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time-intengity curveg and contrast agent wash-in and

14

wash-out characteristics. The time-intensity curves
and characteristics produced by the QLab processor
are coupled back to the image processor where they
may be disgplayed numerically or graphically on the

L S

h the ultrasound images. A

standard QLab processor which ig suitable for the
product of time-intensity curves iz available from

LoN i»
Philips Healthcare of Andove

r,
A standard QLab processor e the well-

i
T
I
9]
5%
o

c
known time~intensity curves, alse referrvred to as
perfusion curves or reperfusion curveg. See US
patent 5,833,613 {(Averkiou et al.), inte
patent publication WO 2005/099573 (Rafter), and
international patent publication WO 2005/0854898 (Garyg
2t al.} As these publications illustra the build
up of contrast agent at points in the tissue (points
) ils monitored during the arrival of the
ocationg in the body. The amount

agent at a poink is indicated by the
echoes returned from contrast agent

at each point; and 1s present in a
images acguired by low power {(low MI)

as the conbtrast agent wasghes into the
tissue. A time-intensity curve can be formad of this
build-up of contrast intensity and its subseguent
decline during wasgh-out of the contrast agent for
each point in the tissue which returnsg the time
eguernice of echoes frame-by-frame. A gualitative
presentation cf the time-intensity curves for the
entire tissue being viewed can be formed by coloring
each pixel in an anatomical image with a color that
represents a parameter of the time-intensity curves
at each peint in the image. The Garg et al.

appiication illugtrates the formaticn of a parametric
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the myocardium where the cclor of each pixel

in the image repregsents the peak level attained by
the time-Iintensity curve at each point in the
myocardium, for example. See alsgse US patent

5 6,692,438 (Skyba et al.)

In an implementation of

the present invention,

o

coentrast agent perfusion echo data is acquired oVer a
seguence of images as the contrast agent arrives at
the location of a metastasis in the body., builds up,
10 and then washes out. The intengity values of the
echoss will thusg start from a bkasgseline lavel of no
contrast agent present, then risge, plateau, and
decline as the contrast agent washeg out. A curve-
fitting algorithm then fits this data variation Lo an

fur

(S

i’(z} =

Tir
i

where

the maximumn int

wash-in t©
Lo

offset,

wash-1
a

rreferabl

the noisy
echo data
25 this proc
acguirad
it the w
the wash-
az the lo
30 i (:)

where g ar
the norma
transform

horizonta

nd o ars

ied as

= Eeijf W=7, )/ T}—e—

)

wiion def_
)
intensity at time

the

ig the linear £,

nsity over bageline

ime parameter which is linearly proportional
n time {e.g., from 5%-95%), I, is baseline
nd ¢, is a time offset. The wash-in time is
v extracted from the fitted curve instead of
image data. Preferably the conbrast agent

do

essing so

es not undergo dat
that the data remains
}—\

hole timewl*téerTy curve

linear relat Arnioth

Lo appropriate mathematical models

stri bxt]on for

in part)

di

grnormal
4

example defined as

tandard deviation of

1 thmic
wmition was
11lv by

digtribution from which the logari

chtainad. The curve can be gcaled
n her

varying ¢ and changed 1 mg of
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skewness by varying . Th

area under the curve 1s 4,
tyis the time i i

intensity

cffset. The lognormal is used to extract
the wash-in time.
FIGURE 5 illustrates one palr of images in a
seguence of image frames of a metastasis 50 in the
surrounding liver tigsue. The palr of images are
roduced from the zame echo data, with the left
being a second harmeonic image which emphasiz
contrast agent and the right image being a
fundamental freguency image of the same anatomny.
When the liver is perfused with the contrast agent
the perfused metastagsis 50 stands out distinctly in
the harmonic image and its horder can be outlined by
a tracing 52. The tracing can be done manually or by
automated or gsemi-automated processing such as border
detection, a thresheolding process, or a region-
growing technique initiated by indication of a szeed
point on the border of the metagtasis. The border

tracing 52 thusg fines the region of interest (ROT)

de
of the metastasis within its border. It iz sesn that
590 less disgtinct in the fundamental

right because the harmonic

raesponsa ontrast agent is suppressed in this
presentation. With the ROI of the me

delineated by the border traci he contrast
agent intensity of the metasitasis at the time of
acgulsition of the image can be measured by combining
the pixmel values within the border 52 by integration,
summation, averaging, or other selected combining

technigue.

The images of FIGURE 5 were acgulred during the
arterial phase of the blood flow to the liver.
FIGURE 6 1s a pair of harmonic and fundament

of the same tissue and metastasis 50 acguired in t
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ortal phase. As previcusly mentioned, HCC and

l...«
o
ot
®
T

‘?’J

matastatic liver lesions generally receive most of
their blood perfusion during the arterial phase,
whereas normal parenchyma in the liver receives most
of itg blood perfusion during the portal phase, asg
seen by the greater shading of the liver in the left
image of FIGURE &. For clarity cof illustration the
a

o
2 in this application

ultrasound image are shown ag a
black-on-white grayscale rendering rather than the

conventional white-con-black.

In accordance with the principles of the presgent

o
LT
1]

invention, & parameter referred to herein
wash-in time ratio (WITR) ig computed ag a
guantitative measure of the perfusion of the

metastasis. The WITR is computed as shown by the

block diagram of PIGURE 2. From a temporal seguence

Ja

L8 or lesion during contrast

pal

(]

+

of images of a metasta

agent wash-in and wash-out as shown by FIGURES 5 and

6, contrast agent intensity values are computead fo

ks

of the metastasis 50 as indicated by box 72.

o
)
H]

ROT,.

i

s explained above, these values can be computed by

.

combining the pixel values of the metastasis ROI for

'D

ach image of the seguence. In bhox

values ares computed for an ROI, of normal parenchyma
of the tissue. This may be done by tracing a regiocn

of normal tissue as shown by the tracing 54 in
FPIGURES 5 and 6, and using the normal tissue
perfusion pixzel values within this second tracing.
Thesgse values are therefore perfusion values of normal

dissue. In box 76 a time-intensity curve is fitted

~ -

he perfusion values of ROI,_ ., and in box

values of ROIL_, . The fit is not always necessary but
it gives a better estimation of WITR. While WITR can

be measured directly from the data, noisze in the data
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can interfere with the accuracy of the measurement

~

hence the preference for curve-fitting. FIGURE 7 i1s

n illustration of two such time-intensglity curves,

9]
3

curve T-I  from the BEOI of a metastagis and curve T-

Met

I for pareanchyma. A wasgsh-in bime parameter WIT is

Par
tound for each curve, for example by use of the error
function or lognormal distribution described above,

EaRitN
il

is determines a wash~in time parameter for both the

metastasis and neormal parenchyvma, Wi and WiIT,

B -~ Met pax ¢

regpectively. A wagh-in time ratic WITR iz then

computad from the two wash-in parameters by dividing
WIT,. by WIT, . The effect of normalizing WIT,_ by the

wash-in time parameter of normal tissue is to reduce
or =liminate the effects of variables in the

procedure such as bolus size, cardiac output, and

ultrasound system gsettings, which may differ from cne
hervapy sesgion to another. Thus, comparable

|£\ t
&
]
(.,
(.,
sl
v
;_.
&
=
(33
st
6]
o
-
0]
6]
G
iy
s
oy
®
Q
’—v
Q
=
)
o}

<
6]
=
i
]
o
‘(’ 1
QG
0]
O
I

the metastasis as indicated by its anglogenesis can
be produced for each therapy segssicon over the peried
cf weeks or months that the patient is being treated.
Another guantifisd measure of metastasis

ngiogenesis which reduces or removes the effects of
bolus injection rate, cardiac cutput of the patient,
or variatlon in machine settings 1s illustrated in
FIGURE 3. A time-intensity curve i1s fitted for each
of the ROIs of the metastasis and the parenchyma as
shown in boxes 76 and 78. In hoxeg 82 and 84, the
range of each time~intensgity curve is normalized., A
cenvenient normalization scale 1s zero Lo one. In
box 80 a difference curve AT-I Curve is computed as

the two normalized curves T-I
d

This process an
[GURES Sa-94d. The dots in FIGURE

rfusion intensity values of a
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metastasis (Tmlmx) and normal parenchyma (T-I_ )
acguired over a cne hundred second pericd of contrast
agent wasgh-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

Q.

ooy

scaled to the one level. These curves illustrate the
characteristic early wash-in of contrast agent during
the arterial phase for the metagstasis and the later
perfusion of the liver parenchyma during the porktal
phage, In FIGURE 9b a curve 92 (for example error
function or lognormal distributicn) i1s fitted to the
perfusion values of the metastasis and a curve 94 is
fitted to the perfusion valusgs of the parenchyma.
FIGURE 9¢ ghows the two curves 92 and 94 in darker
SURE %4 shows a curve 80 which 1g the computed
o

1
"ference AT-1 Curve of the twoe curves %2 and 94 of

’;).L
“h Gl

"IGURE %c¢. When the tumor therapy is successful and

he anglogenesis of the metastagis declines with
reatment, the AT-I Curve will show a progresgive

lattening and will approach a stralght line. This

Lon has bheen

is an expected result, for when the
1

disgipated its location in the body respond like

G
=
=
O
=

normal parenchyma, and the difference of the tw
virtually identical) curves for normal tissue and the
legion location will approach zerco. The differenc
curve could also be expressad as a parameter value
such as the maximum sliope of the difference curve,
Thern the maximum slope value apprcoaches zero (there
ig no glope), this 1g an indicaticon that the
difference curve is approaching a straight line.

It ig geen from the time gscale of the graphs of
PIGURES 9%9a2-94d that a tyvpical pericd of contrast agent

saconds.  This

<

vash-in and wash-out can last for 10

means that a clinicilan acquiring the image data must
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maintain the same image of the lesion steadily for
100 seconds gc that each intensity value is of the
same region of the lesion. If the probe moves during
the acguisition, for instance, the lesion can move

(821

be used.

the body

out of the image pla

ne and the data

Even 1f the probe is held

of the patient, the lesgion

relative to the probe field of view
re:piratory motion of the patient.

acguirad cannot

steady against
can still move
due to the

way Lo

E.

10 ffect of regpiratory motion is Lo gate
ition to the respiratory cycle A
tory gsignal can be acguired by known means
2lagstic band with gtrain or pressgsure
he chest of the patient. Ancther
15 Crangsmit all signals between
the chest of the patient and measure
chest impedance variations
other techniques can produce cyvelical signals of the
respiratory cvele 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, resplratory gating is

performed by image pr

e

ocessing as shown

in the block

diagram of FIGURE 4. The fundamental freguency

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 regicns in a standard
white-on~black gravscale ultrascound image}. Thig
image landmark 60 is the diaphragm of the patient in

20 these images. In FPIGURE 8 the diaphragm in the image
hag been cutlined by a tracing 62. In the
illustrated example the tracing 62 ig repliicated in
the same posntion n =2ach image of the image frame
seguences If the anatomy in the image does not move

35 relative to the probe as the image sequence 18
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acouired, the diaphragm landmark 60 will be present
in the tracing outline 62 in each image. Howsver,
respiratory motion may move the diaphragm 60 in and
cut of the tracing, particularly with deep breasths.
The image processor 100 of FIGURE 4 detects this
change by looking for the diaphragm landmark in the
seme location, ROI,, which is the tracing 62 in the
example of FIGURE 8. When the diaphragm landmark 60
is found in its expected legaticn in the image
{("Yes"), the image ig forwarded for processing and
uantification. However, 1f respiratory motion

move from its

[O I

cauges the diaphragm landmark 60 ¢

expected ROI, location in an image ("No"), that image

ig omitted from processing. This process is applied
to all of the images in the gequence so that
regpiratory metional effects on the imaging of the
metastasis, az indicated by movement of the

those images

o
'._
)]
T
oy
3
o)
(9]
Is
[
D]
D]
'...
l._l
|:
%
(D
i
o3
N
O
}_.
n
(D]
o
K
lo?
l._l
" 5]
L.O

which are not consistently aligned to a comstant
location of the diaphragm. There are also other
pogsible ways of conducting regpiratory gating. For
exampls, a Cime-intensity curve can be formed from an
BOI that closely follows a part of the diaphra and
the threghold ¢f the values are detected. Any image
whose intensity value is below the threshold is then
discarded. Other mcotion compensation-based
algorithme can algo detect respiratory motion and
gate for it.

The guantified measurements of the present
invention have be used in a <¢linical environment to

itor the regults of tumor treatment of elght

_,
O
e}

il

iy

w
=

patients over three to five therapy segsion
meagsurenent of the WITR wag computed for each patient
for each therapy session Regsults for a good

ssponder and a bad responder are illustrated in
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the succesgfully treated patient with eact

therapy segsion. For the patient in the

ultimately failed to resgpond to {reatment
bad responder) the WITR staved away from unity. It
is seen by this graph that WITR measurvement ig well

ults of therapy

o
¥}
I

correlated with actual c¢linical re
a

and may bhe used as a therapy hicmarker.

J
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1. An ultrasonic diagnostic imaging system for
asgessing the progress of tumor therapy comprising:

an ultragsound probe for acguiring a seguence of
ultragsound images of a tumor and its adjoining tissue
ag a contrast agent perfugses the tigsue;

a time~-intensity parameter calculator which
computes a wash-in parvaneter of the contrast agent
for the tumor and for normal ti

lculator which computes a ratio of the
wash-in parameter cof the tumor and the wash-in

parameter of the normal tissue

h

2. The ultrasonic diagnostic imaging system o
Claim 1, wherein the sgeguence of ultrasound images
containg contrast agent echoe data; and

wherein the time-intensity parameter calculator

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

3. The ultrasgonic diagnostic imaging system of
Claim 2, wherein the wash-1n parameter is a ourve
paramater.

4, The ultrasconic diagnogtic imaging syvestem of
Claim 2, wherein the time-Iintensgsity parameter
calculator further fits the contrast agent echo data

te an error functi

..
o}

5. The ultrasconic diagnogtic imaging syvestem of
Claim 4, wherein the wach-in parameter is a parameter

of the error function.

h

&, The ultrasoconic diagnostic Imaging system o

Claim 2, wherein the time-intensity 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 wagsh-1in parameter of the
contrast agent for the tumor from a ROI in the
seguence of images v oh is identified manually.

8. The ultrasgonic 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-intensity parameter
calculator computes a wash-in parameter of the
ontrast agent for the normal tissue from a ROI in

the seguence of images which ig identified manually.

10. An ultrasonic diagnostic imaging system for
aggsessing the progress of tumor therapy comprising:

an ultrascund probe for acguiring a seguence of
ultrasound images of & tumor and its adioining tissue

as a contrast agent perfuses the tissue;

U‘x

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-

intensity curves.

il. The ultrasconic diagnostic imaging svetem of

) 4
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Claim 10,

contains

wherelin the time-inten

furthexr

a e

L4
Claim 11,

paramster.

calculato

Lo an erx

Claim 11,

alculator fits

fits a

wherein

contrast

The ultras

wherel

The ultr

whereln

v further

functi

The ult
wherein

of the e

The ultr
wherein

th

curve

ragonic diagnostic
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the seguence of

ultragound imasges

acho data; and

ot

agent

glty parameter calculato

to the contrast agent echo dat

sonic diagnostic imaging system

the wash-in parameter is a curve

agonic diagnostic imaging

syste
the time-intensgiity paramster

fits the contrast agent echo dat
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imaging system
the wash-in garameter is a

rror function.

asonic diagnogtic Iimaging system
the time-intensity parameter
e contragt agent echce data to a

mathematical model.
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