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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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RESPIRATORY-GATED THERAPY ASSESSMENT WITH ULTRASONIC
CONTRAST AGENTS

This application claims the benefit of U.S.

[92]
o
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O
igional application serial no. 61L/022,888 filed
o

January 23, 2008, which is incorporated herein by

a8 to ultrasonic diagnosgtilc

T
imaging systems and, in particular, to the use of

progress of therapeutic treatment of tumors.
Internaticonal patent publication WO 2006/090309

{(Bruce &t al.) describes an ultrasonic imaging

technigque for detecting lesions in the

of an ultrasoni

JE,
(S

¢ contrast agent. A bolus of contrast
agent ig intreduced into the body and the time of
C 1 s

arrival of the contrast agent in the liver is

5

detected. When a bolusg of contrast agent travels

through the blcod vessgels of the bhody and begins to

20 appear at a gpecific organ or locatlion in the body
the build-up of contrast in the images ig termed the
*wash-in" of the contrast agent. As the infusion of
contrast agent plateaus at the location in the body
and then declines as it is carried away from ths

25 ation by the flow of blood, the decline ils termed

S0
@ O

*wagsh-out® of the contrast agent. In the
afcrementioned patent publication the inventors take
advantage of the fact that the flow of blood fo the
liver comes from two sources, the hepatic artery and

30 the portal veln. Since the flow of bloocd 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
D
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Arn area of early wash-in of contrast agent to the
iliver can be gymptomatic of a lesgion.
s

a lesion or metastasis has been identified

1,
=
0
o

1

by thig and/cor other means, a treatment regimen ig
generally prescribed by a physician. The therapy may
ve hyper-/hvpothermia, c¢victoxic chemotherapy
or anti-angicgenesis agents, for example. The
therapy 1s usually not performed in a single sessic
but in gseveral sessions over a period cof weeks or
months. At each therapy sesgion it is generally
dezirable for a

the therapy teo determine itg effectiveness for the

T

atient. The legion or metastasis may be imaged

ko)

diagnostically to see whether it is shrinking, for

b

ingtance. But often the progress of treatment is
glow and only small changes in the lesgio
metastasis have ccocurred since the previou

n such instanceg it is desirable to assgess the
progress of therapy guantitatively by measuring

certain characteristics of the tumcr. One such

meagsure 1lg the regression of tumer angi Ag
a lesion or 11 shrinks with the of
eilg, the microvasculature which developad to

nourish the legion will provide a smaller supply of
ood for the lesion and may itself begin to shrink.
One guantitative approach 1s to assesgs this

regression of angiogenesis, the decline in

QO
4
o
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0
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performance of the lesion’'s micry
at such guantitative measures be
repaatable and immune to variations from one imaging
procedure Lo the next., sguch ag variation of the bolus
injection, patient cardiac output, and ultrasound

machine settings which may differ from one

h
(4]
0
o

examination dayv to another. Eliminating the eff

b

f
of these variationg enables the measurements to
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comparable from one therapy sesgion to another., It
ig an obkijsct cf the pregsent inventicn to provide new
and improved technigues for assessing legion or
metastasis anglogenesis during a period of therapy

for the tumor

(821

In accordance with the principles of the present

U

N

invention, timemintensity curves of the wash-in and

wash-out of ultrasonic contrast agents are produced

n
Q
-
3/

and used to guantify the tumor angiogenesls resulting
10 from therapy. An image of a lesicn or metastasis isg

acguilraed by an ultrasonic imaging svstem and the

pathology iz continuocusly imaged as contrast agent

washes into and cut of the tigsue or organ being

3

acourate measurement of thisg

rr

chserved. oY A

.
.

ble to steadily acguire
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r O
& ntragt agent washes in and out,
s¢ that the signal information for time-intensity
i e tinually emanates from the same

~

20 point of the lesion. In acgcordance with a first

aspect of the present invention, the effscts of

resplratory metion are removed by respira
of the data acguisition for time-intensity curve

production. A preferred technigue of respiratory

3
P

2
1

gating ig one performed by image analysis, in which
the presence or abgsence of an anatomical landmark in
the image, such asg the diaphragm, is usged to decide

not to be used for time-

ey
{
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5
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H
0
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intengity CUIVEe Rrocessing.
20 Iin accordance with a further aspect of the
regsent invention, a time-intensity curve is produced
both for ultrasonic data from the tumor and for
tragonic data from normal tilgsue. A wash-in time
} parameter is calculated for each time-intensity

h-in time ratico (WITR} is formed of the
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two parameters, which reduces variations in wash-in
time guantification due to factorsg such as bolus
differences, cardiac output, and ultrascund syvstem
gettings. The WITR thusg provideg an accurate and
comparable indicator of the progress of the therapv.
In accordance with vet another aspect of the

present invention, the time-intensity curves of the
tumor and normal tissue are subtracted from each

cther to form a differential time-intensity curve

The shape of the differential time-
ticns over time are another indicato

the progress of the

In the drawings:

FIGURE 1 illustrates in block diagram form an
ultrasonic diagnogtic imaging system const
accordance with the principles of the present
invention.

FIGURES 2 and 3 illustrate details of the
operation of the QOLab processor of FIGURE 1 in
accordance with the principles of the present

invention.

RE 4 illustrates respiratory gating through

image §rocegsing in accordance with the principles of

the present invention.
a

FIGURE 5 1s ROIs for time-

-
0
ot
-
w
e
o
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o]
-+

intengity curves in accordance with the present
invention in an image of the liver acguired during
the arterial phase.

FIGURE 6 is an illustration of ROIg for time-
intensity curves in accordance with the present
invention in an image of the liver acguired during
the late portal phase

FIGURE 7 illustrates time-Iintensity curves for a
metastatic lesion and normal parenchyma.

FIGURE 8 illustrates the identification of the
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diaphragm in an ultras
gating in accordance
present invention.
FIGURES %a-9d ill
subtraction of time-1i
differential time-in
the principles of the

PIGURE 10

gystem constructed in
of the present inventi
form. Thig svstem oper
three dimensicnal regi
with ulbtrasonic trans

transmitted

U

along it

the beam returns ech

o G

nonlinear (fundament

Compo

nents
componanta,

&

the nonlinear responssa
encountered by the bear

ignals with harmonic

&}

The ultrascund sv
transmitter 16 which ©

ected modulaticon ch

P..J

e

i

irection for the retu

o3

from scatterers within
responsive to

a e
determine the characte

inciuding the freguency components of the transmit
C

bear,
the phase or po

tel

transmitter 1s couple

o

with the principle
the

ntensity curves to form a
tensity curve

rates the clinical resu
-

0 FIGURE 1,

mit beams. As

ng o

intengiltlies or amplitudes,

of the transmit signals.

PCT/IB2009/050277

und image for r

he production and

in accordance with
pregent invention.
te of

dance

»LH

C1C progress in accor

an ultrasound
accordance with the principles
on is shown in block diagram
ates by scanning a two or
on of the body heing imaged
steered path
gignals with linear

and harmonic

the tran

fregquency)
smitted frequency
gignals are modulated by
of contrast agent microbubbles
n, thereby generating echo
componants.
FIGURE 1

vatem of utilizes a

ransmits waves or pulses of a
aracteristic in a desired beam
™m of harmonic ec

the body.

ho components
The transmitbter is
of control parameters which

ristics of the transmit beams,

and

The

by & transmit/receive switch
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4 to the elements of an array transgducer 12 of an

0. The arrayv transducer can be a

P
1
4

ultrasound procbhe
cne dimensional array for planar {(two dimensional)
imaging or a two dimensional array for two

-
H
L.

dimengional or volumetric {(three dimensional)

j\)

imaging.

The transducer array 12 receives echoes from the

body containi

ng fundanental (linear) and harmonlc
e

are within the

s
o
o
o
O
k\
0

omponents

raggsband. These echo ls are coupled

14 to A beamformer 18 which
appropriately delavs echo signals from the different

tranaducer slements then combines them to form a

N}
)

seguence of linear and harmonic signal

-

beam from shallow to desper depths. Preferably the
beamformer 1s a digital beamformer operating on
igitized echo =zignals to produce a seguence of
digscrete coherent digital echo signals from a near
field to a far field depth of the image. The
beamformer mayv be a multliline beamformer which

producses Ltwo or more seqguences of echo signalg along
o

ines in

receive
to a gingle transmit beam, which is
particuiarly useful for 3D imeging. The beanmformed
cho signals are coupled to an engemble memory 22
In the ultrasound system of FIGURE 1, multiple
waves or pulses are transmitted in each beam
direction using differen wdulation technigues
resulting in the reception of multiple echoes for
each scarned peint in the image field. The echoes
corresponding to a common spabial location are
referred to herein as an ensemble of echoes, and are
storad in the ensemble memory 22, from which they can

he retrieved and processed together. The echoes of

)

an ensemble are combined in various wayvs by the
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nonliinear signal separator 24 to produce the desired

™

nonlinear or harmonic signals For example, Ltwo

ent phase or polarity modulation

pulses with diffe

"-r'
"y

can be transmitted to each point in the image field.

When the echces resulting from the two pulses are

ja—

recelived by the ultrasound system and additively
combined, the different modulation causes the
fundamental freguency components of the echoes to

cancel and the harmonic componeants to reinforgce each

sther. Thig separates out the harmon componsnts of

1
\_l

"'Y’

the echo gignalg. Alternatively, when the two echoces

7,

!““.

are subbracted from each other, the fundamental
freguency components are reinforced and the harmonic

components cancel. Thig separates out fundamental

’1’1

frequencies for consgtruction of a standard B mode
image. This modulation is referred Lo as *pulse
inversion, " and can be done by phase, polarity or
amplitude modulation as described
. . 951,4

and 5,577,505 (Brock Figher et al.

a2t al.},

=
=
Q
o3
[ta]

———

5,706,819 (Hwang et al.

~—

The geparated sgignals are filtered by a filter

remove unwanted freguency components,

to B mode or Doppler detection by &
detector 32. The detected signals are coupled to a
il

kle

et

nonlinear signal combiner 34 to reduce images sped

the

¢
0]
(A
w
@
o7
]
&
t

content. The signals are then pro
formation of twoe dimensional, three dimensional,
spectral, parametric, or other desirved image in image

processor 36, and the image 1g then disgplaved on a

’;).L

isplay 38. Detected fundamental {linear} signals
which do not need speckle reduction processing are
coupled directly to the image processor 36 for image
formation and displayv.

In accordance with the principles of the present

invention, the ultrasound image data is also coupled



WO 2009/093212 PCT/IB2009/050277

(821

JE,
(S

20

2
1

3
P

30

-8

to a QLab image processor 40 for the production of
time-intengity curves and conitrast agent wash-in and
wash-out characteristicsg. The time-intensity curves
and characteristics produced by the QLab processor

re coupled back to the image processor where they

i

.

may be displayed numerically or graphically on the
display 38 along with the ultrascound images. A

standard QLab processor which ig guitab
production of time-intensity curves is available from
chusetts.

ices the well-
ferred to as
e

8. Sea US

thecare of Andover, Massa
ard QlLab processor odu
intengity curves, algso re
perfusion curves or reperfusion curv
patent 5,833,613 {averkiou et al.), internatiocnal
patent publication WO 2005/0%89%573 (Rafter), and

4888 (Garyg

]
%
@
N
[}
<
ut
[}
o

international patent publication WO

1.} As these publications illustrate, the build-

D
ot
4]

up of contrast agent at points in the tissue (points
in the image) is monitored during the arrival of the

he amount

contrast agent at locations in the bodyv.
of contrast agent at a point ig indicated by the

intensity of echoes returned from contrast agent

microbubbles at each point, and 1s pregsent in a
seguence of images acquired by low power {iow MI)
transmission as the contrast agent washes into the
tigsue. A time-intengity curve can be formed of thisg
buiid-up of contrast intengity and its subseguent
decline during wash-out of the contrast agent for
each point in the tigsue which returng the time
seguence of echoes frame-by-frame. A gualitative
presentation of the time-intensity curves for the
entire tigsue being viewed can be formed by colo

each pixel in an anatonical image with a ¢

:T

3

n

-
(S
L<: it
o

I}

U

represents a parameter of the time-inte

at each point in the image. The Garg et al.
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application illustrates the formation of a parametric
image of the myocardium wherese the cclor of each pixel
in the image represents the peak level attained by
the time~intensity curve at each point in the
mvocardium, for example. See alsoc US patent
6,692,438 (Skyba et al.)

In an implementation of the present invention,

3

9]

ontrast agent perfusion echo data is acguired over a

-

U

eguence of images as the contrast agent arrives at

the location of a metastasils in the body, builds up,
and then washes ocut. The intensity valuss of the

echoes will thus start from a baseline level of no

contrast agent presgent, then rige, plateau, and

o QL'

decline as the contrast agent washes out. A curve-
fitting algorithm then fits this data variation to an
error function defined as

10)=Alerf =10 T} 1]

where I{t}) 18

intenslity at time t, A 1S
the maximum intengity over the baseline
wagh-in time parameter which ig linearly proportional
to wagh-in time {=.g., from 5%-35%), I, iz baseline
offset, and t, is & 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 compression prior to
his processing so that the data remains in 1is
acgulred linear relationship. Ancther approach 1g to
fit the whole time-intensgity curve {instead of just
the wagh-in part}

as the

priate mathematical models

-

ion for example defined as

wlr27Z(T(t -1 >

where 4 and ¢ are the mean and standard deviation of
the normal distribution from which the logarithmic
e

transformaticon was obtained. The curve
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norizontally by varyving » and changed in terms of
skewnegs by varving <. The area under the curve 1s 4,
f,1s the time offget, and € is the baseline intemnsity
offget. The lognormal fitted curve ig 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 tissue. The palr of images are

produced from the same echo data, with the

b
b
6]
0
t
oy
®

being a second harmonic image which empha

(’)

ntrast agent and the right image being a
fundamental freg

uency image of the same anatomy.
When the liver lg perfused with the ¢ &

the perfused metastasis 50 stands out distinctly in
the harmonic image and its border can be outlined by

c
) 52, The tracing can be done manually ©

a tracii 1@
automated or semi-automated processing such ag bo
detection, & thresholding process, or a region-

growing technigue 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 metagtasis border. It is seen that

the metagtasis 50

]

igs legs distinct in the fundamental
B mode image on the right because the harmonic
response of the contrast agenti 1s suppressed in this

presentation. With the ROI of the metastasis

delineatead v the border tracing 52, the contrast
agent intensity of the metastasis at the time of
acguisition of the image can be meagured by combining
the pixel values within the border 52 by integraticn,
summation, averaging, or other selected combining
technigue.

The images o niired during the
arterial phase of the blood flow to the liver.

FIGURE 6 18 a

fundamental ilmages
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of the same tissue and metastasis 50 acguired in the

;._.1

ate portal phase. Ag previously menticoned, HCC and
matasgtatic liver lesiong generally receive most of

their blood perfugion during the arter
whereas normal parenchvma in the liver raceives most

of its blood perfusion during the portal phase,

&
o

}_l
i

h
T

seen by the greater shading of the liver in the

I
=
D

image of FIGURE 6. TFor clarity of illustration

ultrasound Iimages in this application are shown as a

{1

black-on-white gravscale rendering rather than the
conventional white-on-black.

In accordance with the principlesg of the present
invention, a parameter referred to herein ag the
wash-1in time ratic {(WITR} 1g computed as a
guantitative measure of the perfusion cf the
metastasis. The WITR iz computed as shown by the

lock diagram of FIGURE 2. From a Lempor seguence
of images of a metastasis or legion during contrast
agent wash-in and wash-out as shown by FIGURES % and
6, contrast agent intensity values are computed for
the ROI_ of the metastasis 50 as indicated by box 72.
Ags explained above, these values can be computed by
combining the pixel values of the metastasgsis ROT for
ach image of the geguence. In box 74 intensity
values are computed for an ROI,  of normal parenchyma

{f the tissue. Thig mayv be done by tracing a region

of normal tigsue as shown by the tracing 54 in

by
o
)
LV
[
vel
A
0
i
"2
A}

and 6, nd using the normal tissue

perfusion pixel values within thig gecond tracing.

These values are therefore gperfusion values of normal

i)

tissue. In bhox 76 a time-intensity curve is fitted
to the perfusion values of RCI_, and in box 78 a
time-intensity curve 1ls fitted to the perfusion
values of ROI,_ . The fit is not always necessary but

it gives a better estimation of WITR. Wi

ile WITE can
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be measured directly from the data, ncige in the data
can interfere with the accuracy of Che measurement,
hence the preference for curve-fitting. FIGURE 7 is
an illustration of two such time-intensity

e
curve T-I1 . from the ROI of a metastasis and curve T-

~

-1
i}

skal

Lo

I, for parenchyma. A wash-in time parameter W

found for each curve, for example by use of the error
function or lognormal distributicn described above,

This determines a wash-in time parameter for both the

-

metastasis and normal parenchyma, WI

i

T  and WIT
Met

‘
Par ’

T

respectively. A wash-in time ratic WITR is then
computed 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 eliminate the effects of variableg in the

caedure such as bolus size, cardiac coutput, and
ragound svstem settings, which may differ from one

ey

L

therapy seggsicon to another. Thus, comparable
antitative measures of the growth or shrinkage of

the metastasis as indicated by its angiogenegis can
be produced for each therapy sesgion over the period
of weeks or months that the patilient is being treated.
Another guantified measure o
angiogenesis which reduces or removes the effsctg of
bolus injectiocon rate, cardiac output of the patient,

r variation in machine settings ig illustrated in

o
FIGURE 3. A time-intensity curve is fitted for eackh

of the ROIs of the metastasis and the parenchyma as
shown in boxes 76 and 78. In boxes 82 and 84, the
range of =ach Lime-intensi crmalized. A
convenient normalization scale 1s zero to one. In

box 80 a difference curve AT-I Curve is computed as

the difference bhetween the two normalized curves T-I
This process and 1fs results

FIGURES %9a-9d. The dots in FIGURE
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9a illustrate the perfusion intengity valuesg of a
I} and normal parenchyma (T-I, )
acquired over a one hundred second period of contrast
agent wash-in and wash-out. The two sets of values
are normalized to the sams scale of zero
where the peak intensity value of each data
scaled to the one level. Thege curveg illustrate the
characteristic early wash-in of contrast agent during
the arterial phase for the metastasisg and the later
perfusion of the liver parenchyma during the portal
phage. In PFIGURE %b a curve 92 (for example erro
function or legnormal distributicon) is fitted to the
n values of the metastasgis and a curve 94 ig

10T
fitted to the perfusion valuss of the parenchvma.

a

o shows the two curves 92 and 894 in darker

=
G
&
o
el
W

lines without the acguired intensity data values.

(&3
PIGURE 9d shows a curve 20 which is the computed
difference AT-I Curve of the two curves 92 and %4 of
FIGURE 9¢. When the tunor therapy is coessful and

the angiogenesis of the metastasizs declines with

is an expected

digsipated its

normal parenchyma, and the difference of the two (now
C

-

virtually identical) curves for normal tissue and the
legion location will approach zero. The difference
curve could alsce be expressed ag a paramster value
such as the maximum sgliope of the difference curve.

When the maximum slope value approaches {there

ope), thig is an indicatiocon that the

nce gurve igs approaching a straight line.,

h

l1g seen from the time scale of the

FIGURES 9a-9d that a

J)

]

yraphs

o]

vpical periocd of contrast agent

wash-in and wash-out can last for 100 seconds. This

o
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means that a cliniclian acquiring the image data must
maintain the gsame image of the legicn steadily for
100 seconds zo that each intensity value 1g of the
game region of the lesgion. If the probe moves during

acguisition, for instance, the lesion can move

(821

&
ut of the image plane and the data acguired cannot
be uged. Even 1f the probe ig held steady against
the body of the patient, the legion can still move

to the probe field of view due to the

ory motion of the patient. One way to
overcome the effect of respilratory motion is o gate
the image acqQuisitiorn to the regpiratory oyclie., A
respiratory signal can be acguired by known means
=

such as an elastic band with straln or pressure

£
arcund the chest of the patient. Another

}_\
(O3
6]
0]
]
[93]
&
t
Ui

ig to transmit small signals between
sengors across the chest of the patient and measure

variaticns. Thesge and

5
®
=
o
i}
m o
D
@
w
o o
3
1
®
o
o
=
o}
®

n produce cyelical signais of the

20 respiratory cvele and can be used to ga the
acguisition cf images to the same phase of the
reapiratory cycle. In accordance with another aspect
of the present invention, respiratory gating is

performed by image processing as shown in the block

2
1

3
P

diagram of FIGURE 4. 7The fundamental freguency
images on the right side of FIGURES 5 and 6 show a

digtinctly shaded region 60 at the bottom

&
image {which would be bright regions in a
white-on-black grayscale ultrascund image). Thigs

20 image landmark 60 is the diaphragm of the patient in
thegse images. In FIGURE 8 the diaphragm in the image

hag been outlined by a tracing 62. In the

[

a

ustrated example the tracing 62 iz replicated in

it

ot
ty
i

i

> game pogition on each image of the image frame
[

(€Y
ut
49}

cguence .,  If the anatomy in the image does not move
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e probe as the image seguence isg
acguired, the diaphragm landmark 60 will be present
in the tracing cutline 62 in each image. However,
regpiratory motion may move the diaphragm €0 in and

cing, particularly with desp breaths.
9

[
:—r
O
T
n
T
jmy
=
]

&
The image processor 100 of FIGURE 4 de
change by looking for the diaghragm landmark in the
sama location, ROI), which is the tracing 62 in the
X ¢ of FIGURE 8. When the diaphragm landmark 60
ig found in its expected locaticn in the image
{"Yes®), the image is forwarded for processing and
guantification. However, 1f respiratory motion
causes the diaphragm landmark 60 to move from 1ts
expacted ROI, location in an image {*No"}, that image
is omitted from processing. This process is applied
to all of the imageg in the sequence so that
resplratory moticnal effects on the Imaging of the
ndicated by movement of the

-

1
e eliminated by discarding those images

diaphragm, ar
which are not congistently aligned to a constant
location of the diaphragm. There are also other

wducting respiratory gating. For

~on
example, a [ime-intensity curve can be formed from an

i

ROI that cleogely follows a gart of the diaphragm and
the threshold of the values are detected. Any image
whoge intensity value is below the threshold iz then
digcarded. Other motion compensation-based

algorithme can alzso detect resplratory motion and

gate for it

The guantifi meaguraments of the present

enpvironment to

o

invention have been used in a clinical
monitor the results of tumor treatment of eight
patients over three to five thervapy sessions. A
measurement of the WITR was computed for each patient

for each therapy sesgion. Results for a good



WO 2009/093212 PCT/IB2009/050277

(821

N

responder and a bad responder are illustrated in

&

E 10. As this graph shows, the WITR approached

.
sfully treated patient with eac

—h
O
e
1
=y
D
=
0
{}
D
U

c o
SR
HeoQ
]
g

n

e

o

sgion. For the patient in the group who

- ')‘
oo
! ¥
2 o
[U R o]
S
w
(0]

U
.

Q.

K
o
wn
oIt
5]

failed to respond to treatment {denocted as

=t
54

nider) the WITR staved away from unity. It
a

surement is well

’../
N
v
®
pd
]

v thig graph that WITRE me
correlated with actual c¢linical results of therapy

and may be uszed as a therapy biomarker.
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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 plurality
of the images further incliuding an anatomical
landmark indicative of tissue motion:;

a contrast perfusion procegssor which proc:
perfugion parameters from the ultrascund images: and

an image procesgor which identifies the
anatomical landmark in the images and enables
contrast perfusion processing of images which include

the desired anatomical landmark.

2. The ultrasonic diagnostic imaging svstem of
Claim 1, wherein the anatomical landmark further

comprises the diaphragm.

3. The ultrasonic diagnostic imaging system of

~

Claim 2, wherein the location of the

phragm in the

images ig indicated by a manual tracing,
whersin the image procesgscor identifies the
presence of image data of the diaphragm in the manual

tracing.

4, The ultrasonic diagnostic imaging svstem of
Claim 2, wherein the location of the diaphragm in the

images ig indicated by image processing.

5. The ultragonic diagnostic imaging system
Claim 1, wherein the ilmage processcr further operat
to identify variation of the lo on of the

ati
anatomical landmark in images of the geguence.
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6. The ultrasconic diagnostic imaging svetem of
Claim 1, wherein the image processor further operates
to omit from procesging images in which the
anatonical landmark does not appear in a

predetermined position.

7. The ultrasonic diagnosgtic ima aging system of
Claim 1, wherein the contrast perfusion processor
further operates Lo produce a contrast agent wash-in
parameter,

2. The ultrasconic diagnostic imaging svetem of

Claim 7, wherein the contrast perfusion processor
L

further operates to produce a normalized contrast

agent wash-in parameter.

9. A methed for ultrasonically monitoring the
progress of tumor therapy comprising:

acgulring a seguence of ultrasound images of a
tumor and its adicining tissues as a contrast agent

perfuses the tigsue;

procegsing the images to identifyv tissue motiocn

et

o the images;

[
5

perfusgicn parameter processing images of the
geguence which are not adversely affected by ti
motion to determine a perfusion parameter which ig a

therapy biomarker.

10. The methoed of Claim 9, further comprising
omitting from the seguence images which are adversely
affected by tissue motion.

.

11. The method of Claim 10, further comprising

g from the seguence images which are adversely
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affected by tissue mobtion as indicated by the
cation of an anatomical landmark in the images
12. The method of Claim 11, wherein the

anatomical landmark is the diaphragm.

13. The method of Claim 9, wherein the
perfusion parameter is a contrast agent wash-in

parameter,

14, The method of Claim 13, wherein the
perfusion parameter ig a normalirzed contrast agent
wash-in parameter.

15, A method for ultrasonically monitoring the
progress of tumor therapy comprising:

acguiring a seguence of ultrascund images of a
tumor and i1ts adijoining tissue ag a contrast agent
perfuses the tissue;

selecting ultrascound images of the seguence for

processing by regspilratory gating;

a
t
L

extracting from the 4

A
A
O

f the seleacted images
Fad

a normalized parameter of the rfugion of the tis

T
®

Su

(D

by the contrast agent; and
displaying the normalized parameber as a [umor

biomarker of the progress of tumor therapy.

16. The methoed of Claim 15, wherein selecting
further compriges gelecting ultrasound images for

essing by means of a regpiraticon sensor.

*d

17. The method of Claim 15, wherein respiratory

gating further comprises analyzing the data of the

-~

acgulred images for regpiratory effects.



WO 2009/093212 PCT/IB2009/050277

-20-

18. The methoed of Claim 15, wherein regpiratory
gating further comprises analyzing the data of the

acguired images for respiratory motion.
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