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Description

[0001] The invention relates to an apparatus for de-
tecting ultrasound images from a body under examina-
tion, which apparatus comprises a first unit emitting ul-
trasound pulses comprising one or more electroacoustic
transducers and a first unit receiving ultrasound pulses
comprising one or more electroacoustic transducers,
said first emitting unit and said first receiving unit being
faced each other and being spaced apart from each other
by a predetermined distance such that they are arranged
at opposite sides of a cavity housing said body under
examination and the ultrasound pulses emitted from said
first emitting unit are received by said first receiving unit
after passing through the body under examination and
are transformed into transmission signals, a control unit
for said first emitting unit, a unit processing the received
signals, image generating means and displaying means
for said images, said processing unit comprising a unit
evaluating the attenuation of ultrasound pulses and/or
the propagation speed of ultrasound pulses.

[0002] The operation of such type of apparatuses is
usually called as transmission mode, in which only the
wave that has passed through the body is examined with-
out considering the reflected echoes and by means of
which it is possible to evaluate the propagation speed of
ultrasound pulses when the ultrasound beam passes
through the body under examination and the attenuation
due to the structures of the body under examination.
[0003] Itis also possible to use the transmission mode
in combination with the reflection mode, by means of
which it is possible to generate images by means of the
echoes generated from the structures of the body under
examination in response to the ultrasound beam trans-
mitted to said body under examination.

[0004] Such technology can be used particularly in
breast ultrasound imaging.

[0005] Apparatuses of this type are described in doc-
uments US7699783 and US7771360, which content is
to be considered as a part of the present description.
[0006] In particularthree types ofimages are produced
by using the two different modes: images that represent
maps of the propagation speed of ultrasound pulses and
attenuation of ultrasound pulses of tissues for each point
of the body under examination are generated by the
transmission mode, while by the reflection mode tomo-
graphic images are generated.

[0007] Information about propagation speed of ultra-
sound pulses can be used for spatially correcting the ge-
ometric deformations in tomographic images due to tis-
sues being heterogeneous.

[0008] As regards ultrasound imaging a widely used
and increasingly developing method is the use of contrast
agents, typically microbubbles that have a non-linear re-
flection behaviour and therefore that generate echoes
with frequencies corresponding to fundamental frequen-
cy harmonics of the emission pulses transmitted to the
body under examination.
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[0009] The use of contrast agents is typically useful for
investigating properties or conditions of blood flow and/or
the condition of tissue vascularization.

[0010] There is arising attention in using the so called
"targeted" contrast agents, wherein microbubbles are as-
sociated to ligands that bind to receptors characteristic
of specific diseases, causing contrast agents to gather
in the areas affected by the disease.

[0011] In the known apparatuses described above
there is the unsolved problem of recognizing the second
harmonic signal components actually due to contrast
agents, since the harmonic generation can be due to the
nonlinearity in scattering and propagation of ultrasounds
in tissues.

[0012] This leads to the uncertainty in interpreting in-
formation obtained from imaging with contrast agents,
while on the contrary the need of having reliable systems
forrecognizing the presence of contrastagents increases
both in the analysis of blood flows according to the dif-
ferent modes and/or for several diagnostic purposes.
[0013] The presentinvention aims at solving the prob-
lems mentioned above by an apparatus as described
hereinbefore and wherein in addition said processing unit
comprises a unit comparing said values of propagation
speed of ultrasound pulses and/or of the attenuation of
ultrasound pulses with predetermined threshold values,
the transmission signals resulting from the presence of
contrast agents within the body under examination when
the comparison of said attenuation of ultrasound pulses
and/or of said propagation speed of ultrasound pulses
has a specific difference with respect to the correspond-
ing threshold value.

[0014] Depending on the type of contrast agent and of
the tissue under examination, the values of the attenua-
tion of ultrasound pulses or of the propagation speed of
ultrasound pulses under the presence of contrast agents
to be considered as indicating the presence of such con-
trast agents, can be under or over said threshold values.
[0015] Experimental studies have shown that, in the
transmission ultrasound mode by means of which it is
possible to obtain information about the propagation
speed of ultrasound pulses and attenuation of ultrasound
pulses, the presence of contrast agents can significantly
affect the values of the propagation speed of ultrasound
pulses and in particular of the attenuation of ultrasound
pulses.

[0016] The presentinvention has the advantage of ex-
ploiting this result for recognizing the presence in the
body under examination of contrast agents and itreaches
this only by simply comparing the attenuation of ultra-
sound pulses and/or the propagation speed of ultrasound
pulses with predetermined threshold values.

[0017] Inafurtherembodimentthereis provided asec-
ond unit receiving ultrasound pulses, comprising one or
more electroacoustic transducers, for receiving echoes
generated by the body under examination and for trans-
forming them into reflection signals, said processing unit
comprising a unit for extracting harmonic distortion com-
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ponents of said reflection signals and said harmonic dis-
tortion components of the reflected signals resulting from
a reflection due to contrast agents when the comparison
of said attenuation of ultrasound pulses and/or of said
propagation speed of ultrasound pulses in the reflection
point from where the reflected pulse comes has a given
difference with respect to the corresponding threshold
value particularly the values of said attenuation of ultra-
sound pulses and/or of said propagation speed of ultra-
sound pulses can be under or over said threshold values
depending on the cases.

[0018] The unit for extracting harmonic components
can be anyone, such as for instance a digital or analog
spectrography analysis unit, or in combination or as an
alternative it can comprise digital or analog filters.
[0019] Thus the transmission mode can be combined
with the reflection mode and moreover the so called har-
monic imaging can be carried out such that the harmonic
components of the reflected signal are selectively detect-
ed.

[0020] Itis possible to provide, in combination or as an
alternative, the use of harmonic components for the
transmission mode such that one or more of the harmonic
components of the transmitted signal is selectively de-
tected.

[0021] According to a further embodiment there are
provided a second emitting unit, comprising one or more
electroacoustic transducers, and a control unit for said
second emitting unit, such that the echoes received from
the second receiving unit derive from the pulses emitted
from said second emitting unit.

[0022] Thus for the transmission mode and the reflec-
tion mode respectively dedicated emitters and receivers
are used, such that they can be carried outindependently
from each other.

[0023] In a further embodiment said second emitting
unit and said second receiving unit comprise the same
one or more electroacoustic transducers.

[0024] Thisallowsonly onetransducer array dedicated
to the reflection mode to be provided, as however it is
provided in known ultrasound probes.

[0025] According to a further embodiment said second
emitting unit and/or said second receiving unit are mov-
able from a location near said first emitting unit to a lo-
cation near said first receiving unit.

[0026] In afurther embodiment said image generating
means generate a transmission image from signals re-
ceived by said first receiving unit and a reflection image
from signals received by said second receiving unit, said
unit evaluating the attenuation of ultrasound pulses
and/or the propagation speed of ultrasound pulses of ul-
trasonic pulses calculates for each pixel or voxel of the
transmission image the attenuation of ultrasound pulses
and/or the propagation speed of ultrasound pulses, said
unit extracting the harmonic components of said reflec-
tion signals calculates for each pixel or voxel of the re-
flection image the intensity of the harmonic components,
said comparing unit compares for each corresponding
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pixel or voxel of the transmission image and of the re-
flection image the values of the attenuation of ultrasound
pulses and/or of the propagation speed of ultrasound
pulses and the intensity of the harmonic components with
specific threshold values, thus detecting the presence of
contrast agents for each pixel or voxel.

[0027] Thus the pixels or voxels corresponding to ar-
eas of the body under examination wherein the presence
of contrast agents is detected are discriminated from
those wherein it is not detected on the basis of the com-
parison of the harmonic components of the received sig-
nals in the reflection mode and of the values of attenua-
tion of the ultrasound pulses obtained by the transmission
mode.

[0028] Therefore this allows a spatial reference to be
giventothe presence of contrastagents in the body under
examination and it allows three-dimensional diagrams of
blood flows or perfusion maps to be reconstructed.
[0029] According to a further embodiment there are
provided means for the suppression of the image contri-
bution due to fundamental frequency signals of transmit-
ted pulses such that only images deriving from signals
of harmonic components are provided.

[0030] Such means are known and widely used in the
several methods such as the so called pulse inversion
or the like.

[0031] These means can be for example image sub-
traction means such that a first reflection image is ac-
quired from harmonic components of reflection reception
signals received by said second receiving unit with no
contrast agents, then a second reflection image is ac-
quired from harmonic components of reflection reception
signals received by said second receiving unit with con-
trast agents, a subtraction is performed between said
first reflection image and said second reflection image
by said subtraction means, generating an image wherein
for each pixel or voxel a determination is made whether
the signal derives from the presence of a contrast agent
by means of said comparing unit which compares for
each pixel or voxel the intensity value of the harmonic
components of the reflection reception signal and the val-
ue of the attenuation of ultrasound pulses and/or of the
propagation speed of ultrasound pulses of the transmis-
sion reception signal acquired at the same time as said
second reflection image with specific threshold values.
[0032] The subtraction of the first image acquired with
no contrast agents from the second image acquired with
contrast agents allows an image to be obtained wherein
the most significant pixels and voxels mainly derive from
contrast agents, but it will contain also information about
reflectors into the body under examination that have a
echogenic behaviour similar to that of the contrast
agents.

[0033] In order to further distinguish which are the pix-
els actually related to the presence of contrast agents
the resulting image is therefore analyzed in comparison
with values of the propagation speed of ultrasound pulses
and of attenuation of ultrasound pulses.
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[0034] In afurther embodiment said displaying means
display said reflection image, highlighting in a different
manner pixels or voxels wherein the presence of said
contrast agents is detected.

[0035] Such displaying means can advantageously
comprise a screen where the image is displayed with
pixels or voxels wherein the presence of said contrast
agents is detected coloured in a different manner than
the remaining part of the image.

[0036] The present invention further relates to an ul-
trasound imaging method for discriminating ultrasound
signals deriving from contrast agents, which method
comprises the following steps:

a) emitting an ultrasound beam at a fundamental fre-
quency within said body under examination;

b) receiving said ultrasound beam transmitted by the
body under examination obtaining transmission re-
ception signals;

c) calculating the attenuation of ultrasound pulses
and/or the propagation speed of transmitted ultra-
sound pulses by comparing the transmission recep-
tion signals with the corresponding emitted signals;
d) finding whether the transmission reception signal
results from the presence of a contrast agent by com-
paring the values of the attenuation of ultrasound
pulses and/or of the propagation speed of ultrasound
pulses with specific threshold values.

[0037] By means of this method it is possible to dis-
criminate the reception signals in which the presence of
contrast agents is detected from those in which it is not
detected on the basis of the comparison between the
values of attenuation of the ultrasound pulses and/or of
the propagation speed of ultrasound pulses obtained by
the transmission mode, on the basis of the results from
experimental studies mentioned above.

[0038] Such method does not provide the injection of
contrast agents as a step.

[0039] In a further embodiment the method of the
present invention comprises the following further steps:

e) receiving echoes generated by the reflection of
said transmitted ultrasound beam obtaining reflec-
tion reception signals;

f) extracting harmonic components from said reflec-
tion reception signals;

g) finding whether said harmonic components of the
reflection reception signals are due to a reflection by
contrast agents by comparing the intensity values of
the harmonic components and/or said attenuation of
ultrasound pulses and/or said propagation speed of
ultrasound pulses with specific threshold values.

[0040] Ina furtherembodimentbefore step e) a second
ultrasound beam at a fundamental frequency is emitted
into said body under examination such that the echoes
received for obtaining the reflection reception signals de-
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rive from said second emitted ultrasound beam.
[0041] In a further embodiment the method of the
present invention comprises the following further steps:

g) generating a transmission image from said trans-
mission reception signals;

h) generating a reflection image from harmonic com-
ponents of said reflection reception signals;

i) possibly registering the transmission image and
the reflection image with the same reference system;
j) calculating for each pixel or voxel of the transmis-
sion image the attenuation of ultrasound pulses
and/or the propagation speed of ultrasound pulses
of the transmission reception signal;

k) calculating for each pixel or voxel of the reflection
image the intensity of the harmonic components of
the reflection reception signal;

1) finding out whether for each pixel or voxel the sig-
nal results from the presence of the contrast agent
or from a general resonator or reflector by comparing
for each pixel or voxel the value of the attenuation
of ultrasound pulses and/or of the propagation speed
of ultrasound pulses of the transmission reception
signal and the intensity value of the harmonic com-
ponents of the reflection reception signal with spe-
cific threshold values.

[0042] According to afurther embodimenta first reflec-
tion image is acquired from harmonic components of re-
flection reception signals with no contrast agents, then a
second reflection image is acquired from harmonic com-
ponents of reflection reception signals with contrast
agents, a subtraction is performed between said first re-
flection image and said second reflection image, gener-
ating an image wherein for each pixel or voxel a deter-
mination is made whether the signal results fromthe pres-
ence of a contrast agent by comparing for each pixel or
voxel the intensity value of the harmonic components of
the reflection reception signal and the value of the atten-
uation of ultrasound pulses and/or of the propagation
speed of ultrasound pulses of the transmission reception
signal acquired at the same time as said second reflection
image with specific threshold values.

[0043] In a further embodiment transmission images
and reflection images are 3D images obtained by se-
quentially scanning planes parallel each other of said
body under examination.

[0044] According to a further embodiment the breast
is subjected to imaging in an uncompressed condition.
[0045] The presentinvention further relates to a meth-
od for controlling an apparatus for detecting ultrasound
images from a body under examination, which apparatus
comprises a first unit emitting ultrasound pulses compris-
ing one or more electroacoustic transducers and a first
unit receiving ultrasound pulses comprising one or more
electroacoustic transducers, said first emitting unit and
said first receiving unit being faced each other and being
spaced apart from each other by a predetermined dis-
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tance such that they are arranged at opposite sides of a
cavity housing said body under examination and the ul-
trasound pulses emitted from said first emitting unit are
received by said first receiving unit after passing through
the body under examination and are transformed into
transmission signals, a second unit receiving ultrasound
pulses, comprising one or more electroacoustic trans-
ducers, for receiving echoes generated by the body un-
der examination and for transforming them into reflection
signals, a control unit for said first emitting unit, a unit
processing the received signals, image generating
means and displaying means for said images, said
processing unit comprising a unit evaluating the attenu-
ation of ultrasound pulses and/or the propagation speed
of ultrasound pulses and a unit extracting the harmonic
components of said reflection signals, wherein said
processing unit comprises a unit comparing said values
ofthe intensity of said harmonic components, of the prop-
agation speed of ultrasound pulses and/or of the atten-
uation of ultrasound pulses with specific threshold val-
ues, transmission and reflection signals resulting from
the presence of contrast agents within the body under
examination when the comparison of said harmonic com-
ponents of the reflected signals, of said attenuation of
ultrasound pulses and/or of said propagation speed of
ultrasound pulses is under or over said threshold values.
[0046] These and other characteristics and advantag-
es of the present invention will be more clear from the
following description of some embodiments shown in an-
nexed drawings wherein:

figs. 1, 2, 3 and 4 are a diagram of different embod-
iments of the apparatus of the present invention;
figs. 5, 6 and 7 are different embodiments of the ap-
paratus of the present invention.

[0047] Figure 1 shows a preferred embodiment of the
apparatus of the present invention.

[0048] The apparatus described is of the type accord-
ing to documents US7699783 and US7771360 and it has
a substantially horizontal table 8 with a patient laying
prone on it, which table is provided with a cavity 20 hous-
ing the breast 2, where the breast 2 is housed suspended
and not in the compressed condition.

[0049] Within the housing cavity there are provided a
first unit 10 emitting ultrasound pulses comprising one or
more electroacoustic transducers and a first unit 11 re-
ceiving ultrasound pulses comprising one or more elec-
troacoustic transducers.

[0050] The first emitting unit 10 and the first receiving
unit 11 are faced each other and are spaced apart from
each other by a predetermined distance such that they
are arranged at opposite sides of the cavity 20 housing
the breast 2.

[0051] The ultrasound pulses emitted from the first
emitting unit 10 are received by the first receiving unit 11
after passing through the breast 2 and are transformed
into transmission signals.
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[0052] The apparatus further comprises a control unit
320 for the first emitting unit, a unit 300 processing the
received signals, an image generating unit 330 and im-
age displaying means, particularly a display 4.

[0053] The processing unit300 further comprises a unit
evaluating the attenuation of ultrasound pulses 301
and/or the propagation speed of ultrasound pulses 302.
[0054] The processing unit comprises a unit 320 com-
paring the values of the propagation speed of ultrasound
pulses and/or of the attenuation of ultrasound pulses cal-
culated by the unit evaluating the attenuation of ultra-
sound pulses 301 and by the unit evaluating the propa-
gation speed of ultrasound pulses 302 respectively,
where they are compared with predetermined threshold
values, stored into a storage unit 5 for the threshold val-
ues.

[0055] The transmission signals therefore result from
the presence of contrast agents within the body under
examination when the comparison of the values of atten-
uation of ultrasound pulses and/or of the propagation
speed of ultrasound pulses is under or over the threshold
values stored into the storage unit 5 for the threshold
values.

[0056] Therefore an image is generated by the image
generating unit 330 and it is displayed on the display 4
and pixels or voxels of the image in which the presence
of said contrast agents is detected are displayed in a
different colour than the remaining part of the image.
[0057] The first emitting unit 10 and the first receiving
unit 11 are supported by a support element 60, which is
moved by an actuator 61 such to rotate on itself about a
vertical axis substantially passing by the centre of the
housing cavity 20 and such to translate from a lowermost
position to an uppermost position.

[0058] Thus 3D images are generated by sequentially
scanning planes parallel to each other of said body under
examination.

[0059] This arrangement corresponds to what shown
in figure 5, wherein the first emitting unit 10 and the first
receiving unit 11 are shown, faced each otheron opposed
side of the breast 2 under examination.

[0060] A part of the ultrasound pulses emitted from the
first emitting unit 10 are received by the first receiving
unit 11 after passing through an area 21 of the breast 2
where contrast agents are provided, undergoing the con-
sequent changes in the attenuation of the ultrasound
pulses and propagation speed of ultrasound pulses.
[0061] Therefore this arrangement allows a method
comprising the following step to be carried out:

a) emitting an ultrasound beam at a fundamental fre-
quency within said body under examination;

b) receiving said ultrasound beam transmitted by the
body under examination obtaining transmission re-
ception signals;

c¢) calculating the attenuation of ultrasound pulses
and/or the propagation speed of transmitted ultra-
sound pulses by comparing the transmission recep-
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tion signals with the corresponding emitted signals;
d) finding whether the transmission reception signal
results from the presence of a contrast agent by com-
paring the values of the attenuation of ultrasound
pulses and/or of the propagation speed of ultrasound
pulses with specific threshold values.

[0062] Such method does not provide the injection of
contrast agents as a step.

[0063] In the embodiment shown in figure 2 there is
further provided a second receiving unit 12 for ultrasound
pulses, comprising one or more electroacoustic trans-
ducers, for receiving echoes generated by the body un-
der examination and for transforming them into reflection
signals.

[0064] The processing unitfurthercomprises aunit303
for extracting harmonic components of the reflection sig-
nals.

[0065] The harmonic components of the reflected sig-
nals extracted in this manner therefore result from a re-
flection due to contrast agents when the comparison of
said attenuation of ultrasound pulses and/or of said prop-
agation speed of ultrasound pulses is under or over the
threshold values stored into the storage unit 5 for the
threshold values.

[0066] This arrangement corresponds to what shown
in figure 6, wherein the second receiving unit 12 is shown,
which can be moved in different positions, some of them
are shown by broken lines, from a position near the first
emitting unit 10 to a position near the first receiving unit
11.

[0067] A part of the ultrasound pulses emitted from the
first emitting unit 10 are partially reflected by an area 21
of the breast 2 where contrast agents are provided, and
the corresponding echoes, comprising harmonic compo-
nents due to the non-linear behaviour of the contrast
agents, are received by the second receiving unit 12.
[0068] This arrangement allows a method comprising
the following further steps to be carried out:

e) receiving echoes generated by the reflection of
said transmitted ultrasound beam obtaining reflec-
tion reception signals;

f) extracting harmonic components from said reflec-
tion reception signals;

g) finding whether said harmonic components of the
reflection reception signals are due to a reflection by
contrast agents by comparing the intensity value of
the harmonic components and/or said attenuation of
ultrasound pulses and/or said propagation speed of
ultrasound pulses with specific threshold values.

[0069] In afurther embodiment shown in figure 3 there
is provided a second emitting unit, comprising one or
more electroacoustic transducers, denoted in figure with
number 12 since it comprises the same one or more elec-
troacoustic transducers of the second receiving unit 12.
[0070] There is further provided a control unit 312 for
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said second emitting unit and the echoes received by the
second receiving unit 12 derive from pulses emitted from
the second emitting unit 12.

[0071] A switch 120 is provided among the control unit
312 for the second emitting unit, the processing unit 300
for the received signals and the second emitting and re-
ceiving unit 12, such that it is possible to alternately send
signals to the electroacoustic transducers and to receive
signals therefrom.

[0072] The image generating unit 330 generates a
transmission image from signals received by the first re-
ceiving unit 11 and a reflection image from signals re-
ceived from the second receiving unit 12.

[0073] The unit evaluating the attenuation of ultra-
sound pulses 302 and the unit evaluating the propagation
speed of ultrasound pulses 301 calculate for each voxel
of the transmission image the attenuation of ultrasound
pulses and the propagation speed of ultrasound pulses.
[0074] The unit 303 extracting the harmonic compo-
nents of the reflection signals extracts the harmonic com-
ponents of the reflection signals and it calculates for each
voxel of the reflection image the intensity of the harmonic
components.

[0075] The comparing unit 320 compares for each cor-
responding voxel of the transmission image and of the
reflection image the values of the attenuation of ultra-
sound pulses and of the propagation speed of ultrasound
pulses and the intensity of the harmonic components with
specific threshold values stored into the storage unit 5
for the threshold values, by detecting for each voxel the
presence of contrast agents.

[0076] The arrangement shown in figure 3 corre-
sponds to what shown in figure 7, wherein the second
receiving unit 12 and the second emitting unit 12 coincide,
such that the same electroacoustic transducers emit the
ultrasound pulses and receive the corresponding ech-
oes.

[0077] This arrangement allows a method as de-
scribed above to be carried out, wherein before step e)
asecond ultrasound beam is emitted into said body under
examination at a fundamental frequency such that the
echoes received for obtaining the reflection reception sig-
nals derive from said second ultrasound beam emitted.
[0078] Moreover it is possible to carry out a method
comprising the following further steps:

g) generating a transmission image from said trans-
mission reception signals;

h) generating a reflection image from harmonic com-
ponents of said reflection reception signals;

i) possibly registering the transmission image and
thereflection image with the same reference system;
j) calculating for each pixel or voxel of the transmis-
sion image the attenuation of ultrasound pulses
and/or the propagation speed of ultrasound pulses
of the transmission reception signal;

k) calculating for each pixel or voxel of the reflection
image the intensity of the harmonic components of
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the reflection reception signal;

1) finding out whether for each pixel or voxel the sig-
nal results from the presence of the contrast agent
orfrom a general resonator or reflector by comparing
for each pixel or voxel the value of the attenuation
of ultrasound pulses and/or of the propagation speed
of ultrasound pulses of the transmission reception
signal and the intensity value of the harmonic com-
ponents of the reflection reception signal with spe-
cific threshold values.

[0079] In afurther embodiment shown in figure 4 there
is provided an image subtraction unit 340.

[0080] Afirstreflectionimage is acquired from harmon-
ic components of reflection reception signals received by
said second receiving unit with no contrast agents, then
a second reflection image is acquired from harmonic
components of reflection reception signals received by
said second receiving unit with contrast agents, and the
image subtraction unit 340 makes a subtraction between
the first reflectionimage and the second reflectionimage.
[0081] Thus an image is generated wherein for each
pixel or voxel a determination is made whether the signal
results from the presence of a contrast agent said com-
paring unit comparing for each pixel or voxel the intensity
value of the harmonic components of the reflection re-
ception signal and the value of the attenuation of ultra-
sound pulses and/or of the propagation speed of ultra-
sound pulses of the transmission reception signal ac-
quired at the same time as said second reflection image
with specific threshold values.

[0082] This arrangement allows a method to be carried
out wherein a first reflection image is acquired from har-
monic components of reflection reception signals with no
contrast agents, then a second reflection image is ac-
quired from harmonic components of reflection reception
signals with contrast agents, a subtraction is performed
between said first reflection image and said second re-
flection image, generating an image wherein for each
pixel or voxel a determination is made whether the signal
results from the presence of a contrast agent by compar-
ing for each pixel or voxel the intensity value of the har-
monic components of the reflection reception signal and
the value of the attenuation of ultrasound pulses and/or
of the propagation speed of ultrasound pulses of the
transmission reception signal acquired at the same time
as said second reflection image with specific threshold
values.

Claims

1. Apparatus for detecting ultrasound images from a
body (2) under examination, the apparatus compris-
es
a first emitting unit (10) arranged for emitting ultra-
sound pulses, the first emitting unit (10) comprises
one or more electroacoustic transducers, and a first
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receiving unit (11) arranged for receiving ultrasound
pulses, the first receiving unit (11) comprises one or
more electroacoustic transducers, said first emitting
unit (10) and said first receiving unit (11) facing each
other and spaced apart from each other by a prede-
termined distance such that they are arranged at op-
posite sides of a cavity (20) housing said body (2)
under examination and the ultrasound pulses emit-
ted from said first emitting unit (10) are received by
said first receiving unit (11) after passing through the
body (2) under examination and are transformed into
transmission signals,

a control unit (310) for said first emitting unit, a
processing unit (300) arranged for processing the
received signals, image generating means (330) and
displaying means (4) for said images,

said processing unit (300) comprising a unit evalu-
ating the attenuation of ultrasound pulses (301)
and/or the propagation speed of ultrasound pulses
(302),

characterized in that

said processing unit (300) comprises a unit (320)
comparing said values of the propagation speed of
ultrasound pulses and/or of the attenuation of ultra-
sound pulses with predetermined threshold values,
the processing unit (300) is arranged so as to detect
if the transmission signals indicate the presence of
contrast agents within the body (2) under examina-
tion when the comparison of said attenuation of ul-
trasound pulses and/or of said propagation speed of
ultrasound pulses is under or over said threshold val-
ues.

Apparatus for detecting ultrasound images accord-
ing to claim 1, wherein it comprises a second receiv-
ing unit (12) receiving ultrasound pulses, comprising
one or more electroacoustic transducers, for receiv-
ing echoes generated by the body (2) under exam-
ination and for transforming them into reflection sig-
nals, said processing unit (300) comprising a unit
(303) for extracting harmonic components of said
reflection signals and said harmonic components of
the reflection signals resulting from a reflection due
to contrast agents when the comparison of said at-
tenuation of ultrasound pulses and/or of said prop-
agation speed of ultrasound pulses is under or over
said threshold values.

Apparatus for detecting ultrasound images accord-
ing to claim 2 wherein it comprises a second emitting
unit (12), comprising one or more electroacoustic
transducers, and a control unit (312) for said second
emitting unit, such that the echoes received by the
second receiving unit (12) results from pulses emit-
ted from said second emitting unit (12).

Apparatus for detecting ultrasound images accord-
ing to claim 3 wherein said second emitting unit (12)
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and said second receiving unit (12) comprise the
same one or more electroacoustic transducers.

Apparatus for detecting ultrasound images accord-
ing to claims 3 or 4 wherein said second emitting unit
(12) and/or said second receiving unit (12) are mov-
able from a location near said first emitting unit (10)
to a location near said first receiving unit (11).

Apparatus for detecting ultrasound images accord-
ing to claims 3-5, wherein said image generating
means (330) generate a transmission image from
signals received by said first receiving unit (11) and
a reflection image from signals received by said sec-
ond receiving unit (12), said unit (301) evaluating the
attenuation of ultrasound pulses and/or the propa-
gation speed of ultrasound pulses (302) calculates
for each pixel or voxel of the transmission image the
attenuation of ultrasound pulses and/or the propa-
gation speed of ultrasound pulses, said unit (303)
extracting the harmonic components of the reflection
signals calculates for each pixel or voxel of the re-
flection image the intensity of the harmonic compo-
nents, said comparing unit (320) compares for each
corresponding pixel or voxel of the transmission im-
age and of the reflection image the values of the
attenuation of ultrasound pulses and/or of the prop-
agation speed of ultrasound pulses and the intensity
of the second harmonic component with specific
threshold values, thus detecting the presence of con-
trast agents for each pixel or voxel.

Apparatus for detecting ultrasound images accord-
ing to claims 2-6, wherein it is provided with image
subtraction means (340) such that a first reflection
image is acquired from harmonic components of re-
flection reception signals received by said second
receiving unit (12) with no contrast agents, then a
second reflection image is acquired from harmonic
components of reflection reception signals received
by said second receiving unit (12) with contrast
agents, a subtraction is performed between said first
reflection image and said second reflection image
by said subtraction means (340), generating an im-
age wherein for each pixel or voxel a determination
is made whether the signal results from the presence
of a contrast agent by means of said comparing unit
(320) which compares for each pixel or voxel the
intensity value of the harmonic components of the
reflection reception signal and the value of the atten-
uation of ultrasound pulses and/or of the propagation
speed of ultrasound pulses of the transmission re-
ception signal acquired at the same time as said sec-
ond reflection image with specific threshold values.

Apparatus for detecting ultrasound images accord-
ing to claim 7, wherein said displaying means (4)
display said second reflection image, highlighting in
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10.

1.

12.

13.

a different manner pixels or voxels wherein the pres-
ence of said contrast agents is detected.

Ultrasound imaging method for discriminating ultra-
sound signals deriving from contrast agents, the
method comprises the following steps:

a) emitting an ultrasound beam at a fundamental
frequency within said body (2) under examina-
tion;

b) receiving said ultrasound beam transmitted
by body (2) under examination obtaining trans-
mission reception signals;

¢) calculating attenuation of ultrasound pulses
and/or propagation speed of ultrasound pulses
of transmitted ultrasonic pulse by comparing the
transmission reception signals with correspond-
ing emitted signals;

characterized in that
it further comprises the following steps:

d) finding whether the transmission reception
signal results from the presence of a contrast
agentby comparing the values ofthe attenuation
of ultrasound pulses and/or of the propagation
speed of ultrasound pulses with specific thresh-
old values.

Ultrasound imaging method according to claim 9,
wherein it does not provide contrast agent injection
as a step.

Ultrasound imaging method according to claim 9 or
10, characterized in that it comprises the further
following steps:

e) receiving echoes generated by the reflection
of said transmitted ultrasound beam obtaining
reflection reception signals;

f) extracting harmonic components from said re-
flection reception signals;

g) finding whether said harmonic components
of the reflection reception signals are due to a
reflection by contrast agents by comparing the
intensity value of the second harmonic compo-
nent and/or said attenuation of ultrasound puls-
es and/or said propagation speed of ultrasound
pulses with specific threshold values.

Ultrasound imaging method according to claim 11,
wherein before step e) a second ultrasound beam
at a fundamental frequency is emitted into said body
(2) under examination such that the echoes received
for obtaining the reflection reception signals result
from said second emitted ultrasound beam.

Ultrasound imaging method according to one or
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more claims 9 to 12, wherein it further comprises the
following steps:

g) generating a transmission image from said
transmission reception signals;

h) generating a reflection image from harmonic
components of said reflection reception signals;
i) possibly registering the transmission image
and the reflectionimage with the same reference
system;

j) calculating for each pixel or voxel of the trans-
mission image the attenuation of ultrasound
pulses and/or the propagation speed of ultra-
sound pulses of the transmission reception sig-
nal;

k) calculating for each pixel or voxel of the re-
flectionimage the intensity of the harmonic com-
ponents of the reflection reception signal;

1) finding out whether for each pixel or voxel the
signal results from the presence of the contrast
agent or from a general resonator or reflector by
comparing for each pixel or voxel the value of
the attenuation of ultrasound pulses and/or of
the propagation speed of ultrasound pulses of
the transmission reception signal and the inten-
sity value of the harmonic components of the
reflection reception signal with specific teresh-
old values.

Ultrasound imaging method according to one or
more claims 9 to 13, wherein a first reflection image
is acquired from harmonic components of reflection
reception signals with no contrastagents, then a sec-
ond reflection image is acquired from harmonic com-
ponents of reflection reception signals with contrast
agents, a subtraction is performed between said first
reflection image and said second reflection image,
generating an image wherein for each pixel or voxel
a determination is made whether the signal results
from the presence of a contrast agent by comparing
for each pixel or voxel the intensity value of the har-
monic components of the reflection reception signal
and the value of the attenuation of ultrasound pulses
and/or of the propagation speed of ultrasound pulses
of the transmission reception signal acquired at the
same time as said second reflection image with spe-
cific threshold values.

Ultrasound imaging method according to claim 14,
wherein transmission images and reflection images
are 3D images obtained by sequentially scanning
planes parallel each other of said body (2) under
examination.

Patentanspriiche

1.

Vorrichtung zum Erfassen von Ultraschallbildern aus
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einem zu prifenden Kérper (2), wobei die Vorrich-
tung aufweist:

eine erste Sendereinheit (10) die zum Aussen-
den von Ultraschallimpulse eingerichtet ist, wo-
beidie erste Sendereinheit (10) einen oder meh-
rere elektroakustische Wandler umfasst, und ei-
ne erste Empfangeinheit (11), die zum Empfan-
gen von Ultraschallimpulse eingerichtet ist, wo-
bei die erste Empfangseinheit (11) einen oder
mehrere elektroakustische Wandler umfasst,
die erste Sendereinheit (10) und die erste Emp-
fangseinheit (11), liegen einander gegeniber
und sind voneinander um einen vorbestimmten
Abstand entfernt, so dass sie an gegenuberlie-
genden Seiten eines Hohlraums (20) angeord-
netsind welches den zu untersuchenden Korper
(2) aufnimmt und die Ultraschallimpulse die von
der ersten Sendereinheit (10) emittiert sind wer-
den von der ersten Empfangseinheit (11) emp-
fangen nachdem diese den zu untersuchenden
Kérper (2) durchlaufen haben und in Ubertra-
gungssignale transformiert worden sind,

eine Steuereinheit (310) fir die erste Sender-
einheit, eine Verarbeitungseinheit (300), die zur
Verarbeitung der Empfangene Signale einge-
richtet ist, Bilderzeugungsmittel (330) und eine
Anzeigeeinrichtung (4) fir die Bilder,

wobei die Verarbeitungseinheit (300) eine Ein-
heit umfasst, die die Dampfung von Ultraschal-
limpulsen (301) und/oder die Ausbreitungsge-
schwindigkeit von Ultraschallimpulsen (302) be-
wertet,

Dadurch gekennzeichnet, dass

besagte Verarbeitungseinheit (330) eine Einheit
(320) aufweist welche die besagten Werte der
Ausbreitungsgeschwindigkeit der Ultraschal-
limpulse und/oder der Dampfung von Ultra-
schallimpulsen mit einem Schwellwert ver-
gleicht, wobei die Verarbeitungseinheit (300) so
eingerichtet ist, dass diese erkennt ob die Uber-
tragungssignale die Anwesenheit von Kontrast-
mitteln in den untersuchten Kérper (2) anzeigen
wenn der Vergleich der besagten Dampfungs-
werte der Ultraschallimpulse und/oder der Wer-
te der Ausbreitungsgeschwindigkeit der Ultra-
schallimpulsen oberhalb oder unterhalb des be-
sagten Schwellwertes liegt.

2. Vorrichtung zum Erfassen von Ultraschallbildern

nach Anspruch 1, welche eine zweite Empfangsein-
heit (12) aufweist fir den Empfang von Ultraschal-
limpulse, umfassend eine oder mehrere elektroa-
kustische Wandler um von dem in Untersuchung ste-
henden Koérper (2) erzeugte Echos zu empfangen
(2) und um diese in Reflexionssignale zu transfor-
mieren, wobei die Verarbeitungseinheit (300) eine
Einheit (303) zum Extrahieren von harmonischen
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Komponenten der Reflexionssignale umfasst und
wobei besagten harmonischen Komponenten der
Reflexionssignale von der Reflexion durch Kontrast-
mittel bewirkt ist wenn beim Vergleich die besagte
Dampfung von Ultraschallimpulsen und/oder die ge-
nannte Ausbreitungsgeschwindigkeit der Ultra-
schallimpulse unterhalb oder oberhalb der Schwell-
werte liegt.

Vorrichtung zum Erfassen von Ultraschallbildern
nach Anspruch 2 wobei diese Vorrichtung eine zwei-
te Sendereinheit (12) aufweist umfassend eine oder
mehrere elektroakustische Wandler und eine Steu-
ereinheit (312) fur die genannte zweite Senderein-
heit (12) so dass die Echos, die von der zweiten Emp-
fangseinheit (12) empfangen werden sind von Im-
pulse der genannten zweiten Sendereinheit (12) be-
wirkt.

Vorrichtung zum Erfassen von Ultraschallbildern
nach Anspruch 3 wobei die zweite Sendereinheit
(12) und die zweite Empfangseinheit (12) dieselbe
einen oder mehrere elektroakustische Wandler um-
fassen.

Vorrichtung zum Erfassen von Ultraschallbildern
nach Anspruch 3 oder 4 wobei die zweite Sender-
einheit (12) und/oder die zweite Empfangseinheit
(12) bewegbar sind von einer Lage nahe der ersten
Sendereinheit (10) zu einer Lage in der Nahe der
genannten ersten Empfangseinheit (11).

Vorrichtung zum Erfassen von Ultraschallbildern
nach den Anspriichen 3-5, wobei die Bilderzeu-
gungseinrichtung (330) ein Transmissionsbild aus
den von der ersten Empfangseinheit (11) empfan-
genen Signalen und ein Reflexionsbild aus den Si-
gnalen die von der zweiten Empfangseinheit (12)
empfangen worden sind, wobei die Einheit (301) wel-
che die Dampfung von Ultraschallimpulse und/oder
die Ausbreitungsgeschwindigkeit von Ultraschallim-
pulse (302) bewertet, berechnet fir jedes Pixel oder
Voxel des Transmissionsbildes die Dampfung der
Ultraschallimpulse und/oder die Ausbreitungsge-
schwindigkeit der Ultraschallimpulse, wobei die Ein-
heit (303) welche die harmonischen Komponenten
der Reflexionssignale extrahiert, berechnetfir jedes
Pixel oder Voxel des Reflexionsbildes die Intensitat
der harmonischen Komponenten, und wobei, fiir je-
den korrespondierenden Pixel oder Voxel des
Transmissionsbildes und des Reflexionsbildes ver-
gleicht die besagte Vergleichseinheit (320) die Wer-
te der Dampfung von den Ultraschallimpulsen
und/oder der Ausbreitungsgeschwindigkeit von den
Ultraschallimpulsen und die Intensitat der zweiten
harmonische = Komponente mit spezifischen
Schwellwerte so dass fir jeden Pixel oder Voxel die
Anwesenheit von Kontrastmitteln ermittelt wird.
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7.

Vorrichtung zum Erfassen von Ultraschallbildern
nach den Anspriichen 2-6, wobei diese mit Bildsub-
traktionsmittel (340) versehen ist in der Art dass ein
erstes Reflexionsbild ist aus den harmonischen
Komponenten des reflektierten Empfangssignal
welches von der besagten zweiten Empfangseinheit
(12) in Abwesenheit von Kontrastmitteln empfangen
worden ist, erhalten, dann wird ein zweites Reflexi-
onsbild erhalten aus den harmonischen Komponen-
ten des reflektierten Empfangssignal welches von
der besagten zweiten Empfangseinheit (12) in An-
wesenheit von Kontrastmitteln empfangen worden
ist, wobei mittels der Subtraktionseinrichtung (340)
eine Subtraktion durchgefiihrt wird zwischen das ge-
nannte erste Reflexionsbild und das genannte zwei-
te Reflexionsbild und wobei, mittels der besagten
Vergleichseinheit (320) welche fiir jedes Pixel oder
Voxel spezifische Schwellwerte mit dem Wert ver-
gleichtder Intensitéat der harmonischen Komponente
des reflektierten Empfangssignal und mit dem Wert
der Dampfung der Ultraschallimpulse und/oder der
Ausbreitungsgeschwindigkeit der Ultraschallimpul-
se der transmittierten Empfangssignale welche
gleichzeitig mit dem zweiten Reflexionsbild erfasst
worden sind, ein Bild erzeugt wird, in dem fir jedes
Pixel oder Voxel bestimmt wird, ob das Signal aus
der Anwesenheit eines Kontrastmittels stammt.

Vorrichtung zum Erfassen von Ultraschallbildern
nach den Anspruch 7, wobei die besagte Anzeige-
mittel (4) das zweite Reflexionsbild anzeigen in dem
sie die Pixel oder Voxel bei denen die Anwesenheit
besagter Kotrastmittel ermittelt worden ist in einer
andren weise hervorheben.

Ultraschallbilderfassungsverfahren zur Unterschei-
dungvon Ultraschallsignale welche von Kontrastmit-
teln stammen, welches Verfahren die folgenden
Schritte umfasst:

a) Aussenden eines Ultraschallstrahls an einer
Grundwellen Frequenz innerhalb des zu priifen-
den Korpers (2) ;

b) Empfangen des Ultraschallstrahls welches
durch den Korper (2) unter Prifung transmittiert
worden ist wodurch ein Transmissionsemp-
fangssignal erhalten worden ist;

c¢) Berechnung der Dampfung der Ultraschallim-
pulse und/oder der Ausbreitungsgeschwindig-
keit der Ultraschallimpulse des transmittierten
Ultraschallimpulses durch Vergleich der Trans-
missionsempfangssignale mit entsprechende
ausgesendete Signale;

Dadurch gekennzeichnet, dass
Das Verfahren folgenden weitere Schritte umfasst:

d) Feststellung, ob der Transmissionsemp-
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fangssignal aus der Anwesenheit eines Kon-
trastmittels stammt, indem die Werte der Damp-
fung der Ultraschallimpulse und/oder der Aus-
breitungsgeschwindigkeit des Ultraschallimpul-
se mit bestimmten Schwellwerten verglichen
werden.

Ultraschallbilderfassungsverfahren nach Anspruch
9, wobei es keinen Kontrastmittelinjektion Schritt
aufweist.

Ultraschallbilderfassungsverfahren nach Anspruch
9 oder 10, dadurch gekennzeichnet, dass es fol-
gende weiter Schritte umfasst:

e) Empfang von Echos welche durch die Reflek-
tion der besagten transmittierten Ultraschall-
strahlen bewirkt sind wobei Reflektionsemp-
fangssignale erhalten werden;

f) Extraktion von harmonischen Komponenten
der genannten Reflexionsempfangssignale;

g) Ermittlung ob die genannte harmonischen
Komponente der Reflektionsempfangssignale
von der Reflektion an Kontrastmitteln bewirkt
worden sind indem der Wert der Intensitat der
zweiten harmonischen Komponente und/oder
die besagte Dampfung der Ultraschallimpulse
und7oder die Ausbreitungsgeschwindigkeit der
Ultraschallimpulse mit spezifischen Schwell-
werte verglichen werden.

Ultraschallbilderfassungsverfahren nach Anspruch
11, wobei bevor Schritt ) einen zweiten Ultraschall-
strahlin den genannten untersuchten Kérper (2) aus-
gesendet wird mit einer Grundfrequenz, so dass die
Echos welche zum erhalten der Reflektionsemp-
fangssignale empfangen werden von diesem zwei-
ten ausgesendeten Ultraschallstrahle bewirkt sind.

Ultraschallbilderfassungsverfahren nach einem
oder mehreren der vorhergehenden Anspriiche 9 bis
12, welches die folgenden weiteren Schritte umfasst:

g) Erzeugen eines Transmissionsbildes aus den
Transmissionsempfangssignalen;

h) Erzeugen eines Reflexionsbildes aus den
harmonischen Komponenten der Reflexions-
empfangssignale;

i) gegebenenfalls Registrierung des Transmis-
sionsbildes und des Reflexionsbildes in dem
gleichen Bezugssystem;

j) Berechnung fiir jeden Pixel oder Voxel des
Transmissionsbildes die Dampfung der Ultra-
schallimpulse und/oder die Ausbreitungsge-
schwindigkeit der Ultraschallimpulse von dem
Transmissionsempfangssignal;

k) Berechnen fiir jeden Pixel oder Voxel des Re-
flexionsbildes die Intensitat der harmonischen
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Komponenten des Reflexionsempfangssignals;
I) ermitteln ob fur jeden Pixel oder Voxel das
Signal in Anwesenheit des Kontrastmittels oder
von einem allgemeinen Resonator oder Reflek-
tor resultiert indem, fiir jeden Pixel oder Voxel
der Wert der Dampfung der Ultraschallimpulse
und/oder der Ausbreitungsgeschwindigkeit der
Ultraschallimpulse des Transmissionsemp-
fangssignals und der Intensitatswert der harmo-
nischen Komponenten des Reflexionsemp-
fangssignals mit einem spezifischen Schwellen-
wert verglichen wird.

Ultraschallbilderfassungsverfahren nach einem
oder mehrerender vorhergehenden Anspriiche 9 bis
13, wobei ein erstes Reflexionsbild aus den harmo-
nischen Komponenten der Reflexionsempfangssig-
nale in Abwesenheit von Kontrastmitteln erfasst
wird, dann ein zweites Reflexionsbild aus den har-
monischen Komponenten der Reflexionsempfangs-
signale in Anwesenheit von Kontrastmitteln erfasst
wird, wobei eine Subtraktion durchgefihrt wird zwi-
schen dem ersten Reflexionsbild und dem zweiten
Reflexionsbild, wodurch ein Bild erzeugt wird, in wel-
chem fir jedes Pixel oder Voxel eine Bestimmung
erfolgt, ob das Signal aus Anwesenheit eines Kon-
trastmittels bewirkt ist mittels Vergleich, fiir jeden Pi-
xel oder Voxel, des Intensitatswertes

der harmonischen Komponenten des Reflexions-
empfangssignals und des Wertes der Dampfung der
Ultraschallimpulse und/oder der Ausbreitungsge-
schwindigkeit der Ultraschallimpulse des Transmis-
sionsempfangssignals der gleichzeitig wie das zwei-
te Reflexionsbild empfangen worden ist mit spezifi-
sche Schwellenwerte.

Ultraschallbilderfassungsverfahren nach Anspruch
14, wobei die Transmissionsbilder und die Reflexi-
onsbilder 3D Bilder sind welche durch sequentieller
Abtastung von zueinander paralleler Ebenen der un-
tersuchten Kérper (2).

Revendications

Appareil pour I'acquisition d’images échographiques
d’un corps (2) examiné, I'appareil comprenant

une premiére unité d’émission (10) congue pour
émettre des impulsions ultrasonores, la premiére
unité d’émission (10) comprenant un ou plusieurs
transducteurs électroacoustiques, et une premiére
unité de réception (11), congue pour recevoir des
impulsions ultrasonores, la premiére unité de récep-
tion (11) comprenant un ou plusieurs transducteurs
électroacoustiques, ladite premiére unité d’émission
(10) et ladite premiére unité de réception (11) étant
face a face a une distance prédéterminée I'une de
I'autre, de maniere qu’elles soient placées sur des



21 EP 2 508 136 B1 22

cbtés opposées d’une cavité (20) de logement dudit
corps (2) examiné et que les impulsions ultrasonores
émises par ladite premiére unité d’émission (10)
soient regues par ladite premiére unité de réception
(11) apres avoir traversé le corps (2) examiné et
soient transformées en signaux de transmission,
une unité de commande (310) pour ladite premiére
unité d’émission, une unité de traitement (300) con-
cue pour traiter les signaux regus, des moyens gé-
nérateurs d'images (330) et des moyens d’affichage
(4) desdites images,

ladite unité de traitement (300) comprenant une unité
d’évaluation de 'atténuation des impulsions ultraso-
nores (301) et/ou de la vitesse de propagation des
impulsions ultrasonores (302),

caractérisé en ce que

ladite unité de traitement (300) comprend une unité
(320) de comparaison desdites valeurs de la vitesse
de propagation des impulsions ultrasonores et/ou de
I'atténuation des impulsions ultrasonores avec des
valeurs de seuil prédéterminées, l'unité de traite-
ment (300) étant congue pour détecter siles signaux
de transmission indiquent la présence d’agents de
contraste a l'intérieur du corps (2) examiné lorsque
la valeur comparée de ladite atténuation des impul-
sions ultrasonores et/ou de ladite vitesse de propa-
gation des impulsions ultrasonores est au-dessous
ou au-dessus desdites valeurs de seuil.

Appareil pour 'acquisition d'images échographiques
selon la revendication 1, dans lequel il comprend
une seconde unité de réception (12) recevant des
impulsions ultrasonores, comprenant un ou plu-
sieurs transducteurs électroacoustiques, pour rece-
voir les échos générés par le corps (2) examiné et
pourles convertiren signaux de réflexion, ladite unité
detraitement (300) comprenantune unité (303) d’ex-
traction de composantes harmoniques desdits si-
gnaux de réflexion, lesdites composantes harmoni-
ques des signaux de réflexion dérivant d’'une ré-
flexion due a des agents de contraste lorsque la va-
leur comparée de ladite atténuation des impulsions
ultrasonores et/ou de ladite vitesse de propagation
des impulsions ultrasonores est au-dessous ou au-
dessus desdites valeurs de seuil.

Appareil pour 'acquisition d'images échographiques
selon la revendication 2, dans lequel il comprend
une seconde unité d’émission (12), comprenant un
ou plusieurs transducteurs électroacoustiques, et
une unité de commande (312) pour ladite seconde
unité d’émission, de maniére que les échos regus
de la seconde unité de réception (12) dérivent d'im-
pulsions émises de ladite seconde unité d’émission
(12).

Appareil pour 'acquisition d'images échographiques
selon la revendication 3, dans lequel ladite seconde
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unité d’émission (12) et ladite seconde unité de ré-
ception comprennent les mémes un ou plusieurs
transducteurs électroacoustiques,

Appareil pour I'acquisition d’images échographiques
selon la revendication 3 ou 4, dans lequel ladite se-
conde unité d’émission (12) et/ou ladite seconde uni-
té de réception (12) sont déplagables d’'une position
pres de ladite premiére unité d’émission (10) a une
position prés de ladite premiére unité de réception

(11).

Appareil pour I'acquisition d’images échographiques
selon les revendications 3 a 5, dans lequel lesdits
moyens de génération d'images (330) générent une
image de transmission a partir de signaux regus de
ladite premiére unité de réception (11) et une image
de réflexion a partir de signaux regus de ladite se-
conde unité de réception (12), ladite unité (301)
d’évaluation de I'atténuation des impulsions ultraso-
nores et/ou de la vitesse de propagation des impul-
sions ultrasonores (302) calcule, pour chaque pixel
ou voxel de I'image de transmission, I'atténuation
des impulsions ultrasonores et/ou la vitesse de pro-
pagation des impulsions ultrasonores, ladite unité
(303) d’extraction de composantes harmoniques
desdits signaux de réflexion calcule pour chaque
pixel ou voxel de I'image de réflexion, l'intensité des
composantes harmoniques, ladite unité de compa-
raison (320) compare, pour chaque pixel ou voxel
correspondant de l'image de transmission et de
I'image de réflexion, les valeurs de I'atténuation des
impulsions ultrasonores et/ou de la vitesse de pro-
pagation des impulsions ultrasonores et l'intensité
de lacomposante de seconde harmonique, avec des
valeurs de seuil spécifiques, et détecte ainsi la pré-
sence d’agents de contraste pour chaque pixel ou
voxel.

Appareil pourI'acquisition d’images échographiques
selon les revendications 2 a 6, dans lequel il est pré-
vu des moyens de soustraction d’image (340) de ma-
niére qu’une premiére image de réflexion estacquise
a partir de composantes harmoniques de signaux
de réception de réflexion regus par ladite seconde
unité de réception (12) sans agents de contraste,
ensuite une seconde image de réflexion est acquise
a partir des composantes harmoniques de signaux
de réception de réflexion regus par ladite seconde
unité deréception (12) avec des agents de contraste,
une soustraction est effectuée entre ladite premiére
image de réflexion et ladite seconde image de ré-
flexion par lesdits moyens de soustraction (340), ce
qui conduit a la génération d’'une image, dans lequel,
pour chaque pixel ou voxel il estdéterminé sile signal
résulte de la présence d’un agent de contraste au
moyen de ladite unité de comparaison (320), com-
parant, pour chaque pixel ou voxel, la valeur d’inten-
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sité des composantes harmoniques du signal de ré-
ception de réflexion et la valeur de I'atténuation des
impulsions ultrasonores et/ou de la vitesse de pro-
pagation des impulsions ultrasonores du signal de
réception de transmission acquis en méme temps
que ladite seconde image de réflexion avec des va-
leurs de seuil spécifiques.

Appareil pour 'acquisition d'images échographiques
selon la revendication 7, dans lequel lesdits moyens
d’affichage (4) affichent ladite seconde image de ré-
flexion, en mettant en vedette de fagon différente les
pixels ou les voxels dans lesquels la présence des-
dits agents de contraste est détectée.

Procédé d’imagerie échographique pour discriminer
les signaux ultrasonores dérivant d’agents de con-
traste, le procédé comprenant les étapes suivantes :

a) émettre un faisceau ultrasonore a une fré-
quence fondamentale dans ledit corps (2)
examiné ;

b) recevoir ledit faisceau ultrasonore transmis
par le corps examiné pour obtenir des signaux
de réception de transmission ;

c) calculer I'atténuation des impulsions ultraso-
nores et/ou la vitesse de propagation des impul-
sions ultrasonores des impulsions ultrasonores
transmises par la comparaison des signaux de
réception de transmission avec des signaux
émis correspondants ;

caractérisé en ce qu’il comprend par ailleurs les
étapes suivantes :

d) découvrir si le signal de réception de trans-
mission résulte de la présence d’un agent de
contraste, par la comparaison des valeurs d’at-
ténuation des impulsions ultrasonores et/ou de
la vitesse de propagation des impulsions ultra-
sonores avec des valeurs de seuil spécifiques.

10. Procédé d’imagerie échographique selon la reven-

1.

dication 9, dans lequel il n’est prévu aucune étape
d’injection d’agents de contraste.

Procédé d’'imagerie échographique selon la reven-
dication 9 ou 10, caractérisé en ce qu’il comporte
également les étapes suivantes :

e) recevoir des échos générés par la réflexion
dudit faisceau ultrasonore transmis, et obtenir
ainsi des signaux de réception de réflexion ;

f) extraire les composantes harmoniques des-
dits signaux de réception de réflexion ;

g) découvrir si lesdites composantes harmoni-
ques des signaux de réception de réflexion sont
dds a une réflexion par des agents de contraste,

10

15

20

25

30

35

40

45

50

55

13

EP 2 508 136 B1

12.

13.

14.

24

par la comparaison de la valeur d’intensité de la
composante de seconde harmonique et/ou de
ladite atténuation d’impulsions ultrasonores
et/ou de ladite vitesse de propagation d'impul-
sions ultrasonores avec des valeurs de seuil
spécifiques.

Procédé d’'imagerie échographique selon la reven-
dication 11, dans lequel, avant I'étape e), un second
faisceau ultrasonore, a une fréquence fondamenta-
le, est émis vers ledit corps (2) examiné de maniére
que les échos regus pour obtenir les signaux de ré-
ception de réflexion résultent dudit second faisceau
ultrasonore émis.

Procédé d’imagerie échographique selon une ou
plusieurs des revendications 9 a 12, caractérisé en
ce qu’il comprend par ailleurs les étapes suivantes :

g) générer une image de transmission a partir
desdits signaux de réception de transmission ;
h) générer une image de réflexion a partir des
composantes harmoniques desdits signaux de
réception de réflexion ;

i) éventuellement aligner 'image de transmis-
sion et I'image de réflexion avec le méme sys-
téme de référence ;

j) calculer, pour chaque pixel ou voxel de 'image
de transmission, I'atténuation des impulsions ul-
trasonores et/ou de la vitesse de propagation
des impulsions ultrasonores du signal de récep-
tion de transmission ;

k) calculer, pour chaque pixel ou voxel de 'ima-
gederéflexion, I'intensité des composantes har-
moniques du signal de réception de réflexion ;
I) découvrir si, pour chaque pixel ou voxel, le
signal résulte de la présence de I'agent de con-
traste ou d’un résonateur ou d’un réflecteur non
spécifique, par la comparaison, pour chaque
pixel ou voxel, de la valeur de I'atténuation des
impulsions ultrasonores et/ou de la vitesse de
propagation des impulsions ultrasonores du si-
gnalde réception de transmission et de la valeur
d’intensité des composantes harmoniques du
signalde réception deréflexion avecdes valeurs
de seuil spécifiques.

Procédé d’imagerie échographique selon une ou
plusieurs des revendications 9 a 13, dans lequel une
premiére image de réflexion est acquise a partir de
composantes harmoniques de signaux de réception
de réflexion sans agents de contraste, ensuite une
seconde image de réflexion est acquise a partir des
composantes harmoniques de signaux de réception
deréflexion avec des agents de contraste, une sous-
traction est effectuée entre ladite premiére image de
réflexion et ladite seconde image de réflexion, ce qui
conduit a la génération d’'une image, dans lequel,
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pour chaque pixel ou voxel il est déterminé sile signal
résulte de la présence d’'un agent de contraste par
la comparaison, pour chaque pixel ou voxel, de la
valeur d’intensité des composantes harmoniques du
signal de réception de réflexion et de la valeur de
I'atténuation des impulsions ultrasonores et/ou de la
vitesse de propagation des impulsions ultrasonores
du signal de réception de transmission acquis en
méme temps que ladite seconde image de réflexion
avec des valeurs de seuil spécifiques.

Procédé d’'imagerie échographique selon la reven-
dication 14, dans lequel les images de transmission
et les images de réflexion sont des images 3D ob-
tenues par le balayage d’'une séquence de plans pa-
ralléles dudit corps (2) examiné.
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