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ENHANCING ULTRASOUND IMAGES

FIELD OF THE INVENTION

[0001] Thepresentinvention relates to an image processing
device for enhancing ultrasound images, to a medical imag-
ing system, and to a method for enhancing ultrasound images,
as well as to a computer program element and to a computer-
readable medium.

BACKGROUND OF THE INVENTION

[0002] In medical examinations, such as endovascular
interventions, different types of medical imaging can be used,
for example the positioning of a mitral clip is performed
under fluoroscopic X-ray imaging and ultrasound imaging for
guidance purposes. The X-ray images are used for visualizing
tools, such as catheters, clips, or the like, and also bone
structures, whereas ultrasound imaging can be used for visu-
alizing soft tissues. WO 2011/070492 A1 describes the com-
bination of ultrasound image data and X-ray image data. An
ultrasound probe is detected in the X-ray image, and acqui-
sition settings of the ultrasound probe are visualized within
the X-ray image. It has been shown that ultrasound images
allow the visualization of soft tissues, which becomes
increasingly important in the developing field of minimally
invasive interventions. However, it has also been shown that
providing fluoroscopic images and ultrasound images next to
each other requires attention and awareness of the user men-
tally combining the two different contents shown in the
respective images.

SUMMARY OF THE INVENTION

[0003] There may thus be a need to provide image data
showing the current situation, for example in a region of
interest of a patient, wherein the image data requires reduced
and minimum interpretation and combination skill on the side
of the user.

[0004] The object of the present invention is solved by the
subject-matter of the independent claims, wherein further
embodiments are incorporated in the dependent claims. It
should be noted that the following described aspects of the
invention apply also for the image processing device for
enhancing ultrasound images, for medical imaging system,
and for the method for enhancing ultrasound images, as well
as for the computer program element and for the computer-
readable medium.

[0005] According to a first aspect of the present invention,
an image processing for enhancing ultrasound images is pro-
vided, comprising an image data input unit, a central process-
ing unit, and a display unit. The image data input unit is
configured to provide an ultrasound image of a region of
interest of an object, and to provide an X-ray image of the
region of interest of the object. The central processing unit is
configured to select a predetermined image area in the X-ray
image. The central processing unit is further configured to
register the ultrasound image and the X-ray image, and to
detect the predetermined area in the ultrasound image based
on the registered selected predetermined image area. The
central processing unit is further configured to highlight at
least a part of the detected area in the ultrasound image to
generate a boosted ultrasound image. Thus, the term
“boosted” or “boosting” in the invention refers to an improve-
ment for a user in the visibility of an object. The display unit
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is configured to provide the boosted ultrasound image as
guiding information on a display area.
[0006] The term “register” refers to providing a positional
or spatial relation between the X-ray image and the ultra-
sound image.
[0007] According to a second aspect, a medical imaging
system is provided, comprising an ultrasound imaging
device, an X-ray imaging device, and an image processing
device. The image processing device is provided according to
the above mentioned example, or examples mentioned below.
The ultrasound imaging device is configured to acquire and
provide an ultrasound image of a region of interest of an
object, and the X-ray imaging device is configured to acquire
and provide an X-ray image of the region of interest of the
object.
[0008] According to a third aspect, a method for enhancing
ultrasound images is provided, comprising the following
steps:
[0009] a) providing an ultrasound image of a region of
interest of an object;
[0010] b) providing an X-ray image of the region of
interest of the object;
[0011] c) selecting a predetermined image area in the
X-ray image;

[0012] d)registering the ultrasound image and the X-ray
image;
[0013] e) detecting the predetermined image area in the

ultrasound image based on the registered selected pre-
determined image area; and
[0014] ) highlighting at least a part of the detected pre-

determined image area in the ultrasound image to gen-

erate a boosted ultrasound image.
[0015] By selecting the predetermined image area in the
X-ray image, and by detecting the predetermined image area
in the ultrasound image based on the registration, itis possible
to enhance an ultrasound image based on information that is
available in the X-ray image. Thus, image content, or image
information, of the X-ray image is transferred to the ultra-
sound image. This provides image information that can be
provided to the user, which image information is presented in
one image, thus facilitating the viewing and understanding
process of the provided image information.
[0016] According to an exemplary embodiment, the central
processing unit is configured to project the selected area into
the ultrasound image, and to detect the predetermined area in
the ultrasound image based on the projected area.
[0017] Inanexample, the projectionisa “back-projection”.
The X-ray image may be a projection of the 3D world. In case
of outlining an object in the X-ray image, it is possible to use
back-projection to refer to the largest volume in 3D whose
projection is that outline.
[0018] According to an exemplary embodiment, the central
processing unit is configured to detect at least one target
object in the X-ray image, for example an interventional tool
or device. The central processing unit is further configured to
detect the at least one target object in the ultrasound image
based on the registered target object. The central processing
unit is further configured to highlight an area of the detected
target object in the ultrasound image.
[0019] According to an exemplary embodiment, the central
processing unit is configured to register the selected area as an
outline, and to select objects in the ultrasound image that fit
into the projected outline.
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[0020] The registration may be provided as projection or
back-projection.

[0021] According to an exemplary embodiment, the ultra-
sound imaging device comprises a probe that is used for
acquiring the ultrasound image, and a registration unit is
provided, which is configured to register the ultrasound probe
in the X-ray image.

[0022] According to an exemplary embodiment, the X-ray
imaging device and the ultrasound imaging device are con-
figured to acquire the images simultaneously.

[0023] According to an exemplary embodiment, the ultra-
sound image device is configured to a first sequence of ultra-
sound images, and the X-ray imaging device is configured to
acquire a second sequence of X-ray images.

[0024] For example, the central processing unit is config-
ured to detect the predetermined image area in one of the
X-ray images and to track the predetermined image area in the
other X-ray images. Further, the central processing unit is
configured to register the first sequence of ultrasound images
with the second sequence of X-ray images. The central pro-
cessing unit is further configured to detect the predetermined
imageareainthe first sequence of ultrasound images based on
the registered selective predetermined image area. Further,
the central processing unit is configured to highlight the area
of the detected predetermined image area in the first sequence
of ultrasound images.

[0025] According to an aspect, the present invention pro-
poses to boost an image by improving the visualization of
ultrasound images or ultrasound 3D volumes. Such a boost-
ing may be obtained by enhancing, for example colorizing,
target objects, such as catheters, prosthesis, clips or the like,
which can easily be detected and tracked in a fluoroscopy.
Alternatively such a boosting may be obtained by outlining
these target objects. As mentioned above, for example in case
of endovascular interventions, X-ray images, such as fluoro-
scopic images allow a good visualization of endovascular
tools, but it does not allow a visualization of soft tissue (with-
out the use of contrast agent) or a 3D visualization. Ultra-
sound allows a 2D or 3D visualization including soft tissues.
However the contrast between tools and soft tissues is very
low. Further, in two-dimensional ultrasound images, only a
part of a tool may be visible. Therefore the interpretation of
such image is not straight forward. The present invention
proposes to perform the detection, or the selection, of target
objects, or other predetermined image area in fluoroscopic
images, in which they are properly contrasted. Further, the
target objects may be tracked in the X-ray images. Based on
a registration, for example a live registration, of ultrasound
images and X-ray images, the target objects, or predeter-
mined image areas can be detected in the ultrasound image,
and the target objects can be enhanced in the ultrasound
images, for example by colorizing them. It must be noted that
the X-ray image data is only used to detect in the ultrasound
images target objects or predetermined image area whose
detection could be very challenging otherwise. Indeed the
high contrast of interventional tools in X-ray images makes
easier their detection and tracking. Even if in ultrasound
images they are poorly contrasted (with respect to soft tis-
sues), their detection is facilitated by the position and shape
priors that arise from the X-Ray detection and that are based
on the registration of the two image modalities. Instead of
combining the two images, the transfer from the X-ray image
to the ultrasound image is provided for detection and/or posi-
tioning purposes only. However, the transfer of the position-
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ing data from the X-ray image to the ultrasound image is
adding further information to the ultrasound image, which
information can not be retrieved from the original ultrasound
image itself.

[0026] These and other aspects of the present invention will
become apparent from and be elucidated with reference to the
embodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] Exemplary embodiments of the invention will be
described in the following with reference to the following
drawings:

[0028] FIG. 1 shows an example of an image processing
device in a schematic setup;

[0029] FIG. 2 shows an example of a medical imaging
system with an ultrasound imaging device and an X-ray imag-
ing device;

[0030] FIG. 3 shows an example of basic steps of a method
for enhancing ultrasound images;

[0031] FIG. 4 shows a further example of a method for
enhancing ultrasound images;

[0032] FIG. 5§ shows a further example of a method for
enhancing ultrasound images;

[0033] FIG. 6 shows an example of a boosted ultrasound
image as a 2D echogram in FIG. 6a and as a 3D echogram in
FIG. 6b as a line drawing; and

[0034] FIG. 7 shows photographic images of FIG. 6, i.e.
FIG. 7a shows the content of FIG. 64, and FIG. 75 shows the
content of FIG. 6&.

DETAILED DESCRIPTION OF EMBODIMENTS

[0035] FIG. 1 shows an image processing device 10 for
enhancing ultrasound images, comprising an image data
input unit 12, a central processing unit 14, and a display umt
16. The image data input unit 12 is configured to provide an
ultrasound image of a region of interest of an object, and to
provide an X-ray image of the region of interest of the object.
[0036] Thecentral processing unit 14 is configured to select
apredetermined image area in the X-ray image, to register the
ultrasound image and the X-ray image, to detect the prede-
termined area in the ultrasound image based on the registered
selected predetermined image area, and to highlight at least a
part of the detected area in the ultrasound image to generate a
boosted ultrasound image. The display unit is configured to
provide the boosted ultrasound image as guiding information
on a display area 18.

[0037] Ina further example (not further shown), the central
processing unit is configured to project the selected area into
the ultrasound image, and to detect the predetermined area in
the ultrasound image based on the projected area.

[0038] In a further example (also not further shown), the
central processing unit is configured to detect at least one
target object in the X-ray image, and to detect the at least one
target object in the ultrasound image, based on the registered
target object, and to highlight an area of the detected target
object in the ultrasound image.

[0039] In an example, the central processing unit 14 is
configured to project the at least one detected target object
into the ultrasound image, and to detect the at least one target
object in the ultrasound image based on the projected target
object.

[0040] In a further example (not shown in detail), the cen-
tral processing unit 14 is configured to register the selected
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area as an outline, in 2D as well as in 3D, and to select objects
in the ultrasound image that fit into the projected outline.
[0041] FIG. 2 shows a medical imaging system 100, com-
prising an ultrasound imaging device 110, and an X-ray imag-
ing device 112. Further, an image processing device 114 is
provided, according to the example shown in FIG. 1, or
according to examples described above and below. The ultra-
sound imaging device 110 is configured to acquire and pro-
vide an ultrasound image of a region of interest of an object,
and the X-ray imaging device 112 is configured to acquire and
provide an X-ray image of the region of interest of the object.
[0042] For example, the ultrasound imaging device 110
comprises a transducer 116, which may be brought into con-
tact with an object 118. An interventional tool 119 may be
present. In another example, instead of the tool, another target
object or other predetermined image area are provided. For
example, to bring the transducer 116 into contact with the
object 118 can be done manually, or also in a motor-driven
way. The, for example handheld, transducer 116 is connected
to an ultrasound imaging base 120, which connection is indi-
cated by a line 122, but which can of course also be provided
wireless. The ultrasound imaging base 120 is connected to a
central processing unit 124, as indicated by connecting arrow
126. This may be a wire connection or a wireless connection.
The transducer 116 acquires ultrasound image information of
the region of interest of the object 118.

[0043] The X-ray imaging device 112 comprises an X-ray
source 128, and an X-ray detector 130. The X-ray source 128
provides X-ray radiation 132 towards the detector 130,
thereby passing the object 118, in order to provide X-ray
image information. The X-ray imaging device 112 is con-
nected to the central processing unit 124 by a connecting
arrow 134. Once again, this schematically shown connection
may be provided wireless or wire-based.

[0044] For example, the X-ray imaging device 112 is pro-
vided as a C-arm arrangement, where the X-ray source 128
and the X-ray detector 130 are provided on opposing ends of
the a C-arm 136, which may be supported by a ceiling support
138, suspended from a ceiling 140. Of course, also other
X-ray imaging device types can be used, for example
mounted to the floor, or mobile X-ray imaging devices, for
example mobile C-arm devices, or other standing X-ray
imaging devices with non-movable X-ray source and X-ray
detector.

[0045] The central processing unit 124 is thus formed inte-
grally with a not further shown image data input unit to
receive ultrasound images, or ultrasound image data from the
ultrasound imaging device 110 and X-ray images, or X-ray
image data, from the X-ray imaging device 112. The central
processing unit 124 is further connected to a display unit 142.
[0046] The central processing unit 124 has also been
described above in relation with FIG. 1, i.e. the central pro-
cessing unit has reference numbers 14 and 124. Thus, it is
referred to the above for the configuration of the central
processing unit 124 of FIG. 2. Similar applies for the display
unit, which is given the reference numeral 142 in FIG. 2 and
reference numeral 16 in FIG. 1. Thus, it is also referred to the
description relating to FIG. 1 with respect to the display unit.
The object 118 may be a patient provided on an object support
144, for example a patient table.

[0047] According to an example, as shown in FIG. 2, but
not meaning a necessary feature of FIG. 2, the ultrasound
imaging device comprises a probe, for example the trans-
ducer 116. The probe is used for acquiring the ultrasound
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image. Further, a registration unit 144 is provided, for
example integrated with the central processing unit 124.
However, the registration unit 144, also shown in FIG. 2, does
not mean that this is a necessary component of the medical
imaging system 100. The registration unit 144 is provided and
configured to register the ultrasound probe 116 in the X-ray
image.

[0048] According to a further example, the X-ray imaging
device 112 and the ultrasound imaging device 110 are con-
figured to acquire the images simultaneously.

[0049] According to a further example (not further shown
in detail), the ultrasound image device 110 is configured to
acquire a first sequence of ultrasound images, and the X-ray
imaging device 112 is configured to acquire a second
sequence of X-ray images.

[0050] According to a further example, the imaging pro-
cessing device 114 is configured to perform the examples and
methods as described below.

[0051] FIG. 3 shows a method 200 for enhancing ultra-
sound images, where the following steps are provided. In a
first provision step 210, an ultrasound image of a region of
interest of an object is provided. In a second provision step
212, an X-ray image of the region of interest of the object is
provided. In a selecting step 214, a predetermined image area
is selected in the X-ray image. Further, in a registration step
216, the ultrasound image and the X-ray image are registered.
Next, in a detection step 218, the predetermined image area in
the ultrasound image is detected based on the selected prede-
termined image area and on the registration. Finally, a high-
lighting step 220 is provided, in which at least a part of the
detected predetermined image area in the ultrasound image is
highlighted to generate a boosted ultrasound image 222.

[0052] Thefirst provision step 210 is also referred to as step
a), the second provision step 212 as step b), the selecting step
214 as step c), the registration step 216 as step d), the detec-
tion step 218 as step e), and the highlighting step 220 as step
f).

[0053] The order of the steps, in particular of steps a), b),
and ¢), is not mandatory, except that the X-ray image and the
ultrasound image are registered in step d) before the selected
area is detected in the ultrasound image in step e).

[0054] Inanexample, between step d)and e), the following
step is provided: d/e) projecting the selected area into the
ultrasound image, wherein in step e), the predetermined area
is detected in the ultrasound image, based on the projected
area.

[0055] The ultrasound image data can be 2D image data or
3D image data.
[0056] According to a further example (not shown in

detail), step ¢) comprises detecting at least one target objectin
the X-ray image. In other words, the predetermined image
area is a target object, such as an interventional device or other
objects inside a patient. Step d) comprises registering at least
one detected target object in the ultrasound image. Thus, the
target position information achieved from the X-ray image is
transferred by a registration to the ultrasound image. Step ¢)
comprises detecting the at least one target object in the ultra-
sound image based on the target image area in X-ray and on
the registration. Step f) comprises highlighting a part of an
area of the detected target object in the ultrasound image. In
relation with the term “registered target object”, it is noted
that the outline in X-ray is done in projective geometry
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whereas the US is in the 3D world. Based on the outline in
X-ray it is possible to define some prior, but it’s not possible
to get directly a 3D object.

[0057] Inanexample, step d/e) comprises projecting the at
least one detected target object into the ultrasound image,
wherein step e) comprises detecting the at least one target
object in the ultrasound image based on the projected target
object.

[0058] According to a further example (not further shown
in detail), the predetermined image area is an interventional
tool, which is detected and tracked automatically for the
selecting step in step ¢).

[0059] In an example, a step g) is provided, in which the
boosted ultrasound image is provided as guiding information
on a display.

[0060] In a further example, in step d), the selected area is
projected as an outline, and in step e), objects are selected in
the ultrasound image that fit into the projected outline.
[0061] In one example, the images provided in step a) and
b) are acquired simultaneously, as already indicated above.
[0062] The predetermined image area, or target object, may
be an interventional tool, such as a catheter, prosthesis, clip,
and the like. For example, the generated boosted ultrasound
image may be a tool-boosted ultrasound image. The high-
lighting may be provided as colorizing the detected area in the
ultrasound image to differentiate predetermined image areas
and other structures.

[0063] For example registering in step d), an ultrasound
probe used for acquiring the ultrasound image is registered in
the X-ray image.

[0064] Theprojecting step is provided as a back-projection.
[0065] FIG. 4 shows a further example, wherein in step a),
a first sequence of ultrasound images 224 of the region of
interest is provided in a first provision step 226. In step b), a
second sequence of X-ray images 228 of the region of interest
is provided in a second provision step 230. In step c), the
predetermined image area is detected in a detection step 232
in one of the X-ray images and tracked in the other X-ray
images. In step d). a registration step 234 is provided, where
the first sequence of ultrasound images is registered with the
second sequence of X-ray images. In step e), the predeter-
mined image area is detected in the first sequence of ultra-
sound images based in a detection step 236, based on the
registered selected predetermined image area. Further, in step
1), the area of the detected predetermined image area is high-
lighted in a highlighting step 238 in the first sequence of
ultrasound images.

[0066] In one example, in step c¢), the at least one target
object is detected in one of the X-ray images and tracked in
the other X-ray images. In step e), the target object is detected
in the first sequence of ultrasound images based on the reg-
istered selected predetermined image area, and in step f), the
at least one target object is detected in the first sequence of
ultrasound images, and in step g), the area of the detected
target object is highlighted in the first sequence of ultrasound
images.

[0067] In another example, in step e), the target object is
projected in the first sequence of the ultrasound images, and
in step 1), the at least one target object is detected in the first
sequence of ultrasound images.

[0068] The X-ray image may be provided as fluoroscopic
image data. In one example, the target objects are automati-
cally detected. In another example, the target objects are
manually detected.
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[0069] 1In a further example, a method for operating an
image processing apparatus is provided, wherein image data
processing steps of the preceding examples are provided.

[0070] FIG. 5 shows a further example of a method, where
fluoroscopic image(s) 240 is (are) provided in a first provision
step 242. Further, for example simultaneously, ultrasound
image(s) 244 is (are) provided in a second provision step 246.
Next, in a detection step 248, target objects in the X-ray
image(s) 240 are detected and tracked. Next, a registration
step 250 is provided, in which the ultrasound image(s) 244
and the fluoroscopic image(s) 240 are registered. An arrow
252 indicates the connecting of the two image worlds by the
registration 250. The information from the registration 250,
together with the result from the detecting and tracking step
248 is then used in a back-projection step 254. The latter is
then used in a detection step 256, in which the target objects
are detected within the ultrasound image(s), provided from
the second provision step 246, which provision of the ultra-
sound image data is indicated with an arrow 258. Upon the
detection step 256, an enhancement of the ultrasound image is
provided, for example by computing a colorized ultrasound
image in a computation step 260.

[0071] Forexample, if the target object(s) is an endovascu-
lar interventional device, or other device, also referred to as a
tool, a boosted ultrasound image 262 is provided as guiding
information, for example on a display area of the display unit.
Thus, a boosting of tools in ultrasound images is provided,
based on the detection in fluoroscopic images.

[0072] For example, the fluoroscopic image data 240 and
the ultrasound image data 244 are acquired in a simultaneous
performance, and both live streams are available. In the detec-
tion/tracking of the target object in the X -ray image, the target
objects are either manually selected or automatically detected
in one X-ray frame. It is possible to select all radio-opaque
objects, or just one target object, such as a clip. Then, the
position of the selected objects is tracked in the next frames.
In the registration step, the ultrasound acquisition and the
X-ray acquisition are registered. This task may be achieved
by registering the ultrasound probe when it is visible in the
fluoroscopic image. In the back-projection, the outline of
detected objects (in X-ray frames) is back-projected, for
example, onto the 2D ultrasound images or within the 3D
ultrasound volumes. In the 2D case, it is possible to obtain
also 2D outlines where the target objects can be (if it lies in the
ultrasound plane). In the 3D case, it is possible to obtain
beams along the outline. In the detection 256 of the target
objects within the ultrasound image, it is provided to select in
the ultrasound image objects that fit into the back-projected
outlines, for example. In the computation step 260, colorizing
ultrasound image data, the ultrasound image is colorized to
differentiate the target objects in the other structures, such as
soft tissues. Instead of colorizing, other means of highlighting
or emphasizing the respective areas are provided. Other dedi-
cated renderings are also possible, for instance acting on the
transparency in 3D image data.

[0073] FIG. 6 shows an example of a boosted ultrasound
image 300 as a 2D echogram 310 in FIG. 64 and as a 3D
echogram 320 in FIG. 6.

[0074] In FIG. 6a an echogram illustration 312 is shown
with a highlighted area 314, for example relating to a region
of a device, wherein the device has been detected in an X-ray
image as described above. The highlighted area may be
coloured or contrast enhanced etc.
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[0075] 1In FIG. 6 an echogram illustration 322 is shown
with a highlighted area 324, for example relating to a region
of a device, wherein the device has been detected in an X-ray
image as described above. The highlighted area may be
coloured or contrast enhanced etc.

[0076] FIG. 7 shows a respective photographic illustration
of FIG. 6, i.e. FIG. 7a shows the content of FIG. 64, and FIG.
7b shows the content of FIG. 65. Thus, same reference numer-
als are used.

[0077] In another exemplary embodiment of the present
invention, a computer program or a computer program ele-
ment is provided that is characterized by being adapted to
execute the method steps of the method according to one of
the preceding embodiments, on an appropriate system.
[0078] The computer program element might therefore be
stored on a computer unit, which might also be part of an
embodiment of the present invention. This computing unit
may be adapted to perform or induce a performing of the steps
of the method described above. Moreover, it may be adapted
to operate the components of the above described apparatus.
The computing unit can be adapted to operate automatically
and/or to execute the orders of a user. A computer program
may be loaded into a working memory of a data processor.
The data processor may thus be equipped to carry out the
method of the invention.

[0079] This exemplary embodiment of the invention covers
both, a computer program that right from the beginning uses
the invention and a computer program that by means of an
up-date turns an existing program into a program that uses the
invention.

[0080] Further on, the computer program element might be
able to provide all necessary steps to fulfil the procedure of an
exemplary embodiment of the method as described above.
[0081] According to a further exemplary embodiment of
the present invention, a computer readable medium, such as a
CD-ROM, is presented wherein the computer readable
medium has a computer program element stored on it which
computer program element is described by the preceding
section.

[0082] A computer program may be stored and/or distrib-
uted on a suitable medium, such as an optical storage medium
or a solid state medium supplied together with or as part of
other hardware, but may also be distributed in other forms,
such as via the internet or other wired or wireless telecom-
munication systems.

[0083] However, the computer program may also be pre-
sented over a network like the World Wide Web and can be
downloaded into the working memory of a data processor
from such a network. According to a further exemplary
embodiment of the present invention, a medium for making a
computer program element available for downloading is pro-
vided, which computer program element is arranged to pet-
form a method according to one of the previously described
embodiments of the invention.

[0084] Ithas to be noted that embodiments of the invention
are described with reference to different subject matters. In
particular, some embodiments are described with reference to
method type claims whereas other embodiments are
described with reference to the device type claims. However,
a person skilled in the art will gather from the above and the
following description that, unless otherwise notified, in addi-
tion to any combination of features belonging to one type of
subject matter also any combination between features relat-
ing to different subject matters is considered to be disclosed
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with this application. However, all features can be combined
providing synergetic effects that are more than the simple
summation of the features.

[0085] While the invention has been illustrated and
described in detail in the drawings and foregoing description,
such illustration and description are to be considered illustra-
tive or exemplary and not restrictive. The invention is not
limited to the disclosed embodiments. Other variations to the
disclosed embodiments can be understood and effected by
those skilled in the art in practicing a claimed invention, from
a study of the drawings, the disclosure, and the dependent
claims.

[0086] In the claims, the word “comprising” does not
exclude other elements or steps, and the indefinite article “a”
or “an” does not exclude a plurality. A single processor or
other unit may fulfil the functions of several items re-cited in
the claims. The mere fact that certain measures are re-cited in
mutually different dependent claims does not indicate that a
combination of these measures cannot be used to advantage.
Any reference signs in the claims should not be construed as
limiting the scope.

1. An image processing device for enhancing ultrasound
images, comprising:

an image data input unit;

a central processing unit; and

a display unit;

wherein the image data input unit is configured to provide

an ultrasound image of a region of interest of an object;
and to provide an X-ray image of the region of interest of
the object;
wherein the central processing unit is configured to select
at least one target object in the X-ray image; to register
the ultrasound image and the X-ray image; to detect the
at least one target object in the ultrasound image based
on the registration; and to generate a boosted ultrasound
image in which at least an area of the detected target
object in the ultrasound image is highlighted; and

wherein the display unit is configured to provide the
boosted ultrasound image as guiding information on a
display area.
2. Image processing device according to claim 1, wherein
the central processing unit is configured to project the
selected area into the ultrasound image; and to detect the
predetermined area in the ultrasound image based on the
projected area.
3. (canceled)
4. Image processing device according to claim 1, wherein
the central processing unit is configured to project the
selected area as an outline; and to select objects in the ultra-
sound image that fit into the projected outline.
5. A medical imaging system, comprising:
an ultrasound imaging device;
an X-ray imaging device; and
an image processing device;
wherein the image processing device is provided according
to claim 1;

wherein the ultrasound imaging device is configured to
acquire and provide an ultrasound image of a region of
interest of an object; and

wherein the X-ray imaging device is configured to acquire

and provide an X-ray image of the region of interest of
the object.
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6. System according to claim 5, wherein the ultrasound
imaging device comprises a probe that is used for acquiring
the ultrasound image; and

wherein a registration unit is provided, which is configured

to register the ultrasound probe in the X-ray image.

7. System according to claim 5, wherein the X-ray imaging
device and the ultrasound imaging device are configured to
acquire the images simultaneously.

8. System according to claim 5, wherein the ultrasound
imaging device is configured to acquire a first sequence of
ultrasound images; and the X-ray imaging device is config-
ured to acquire a second sequence of X-ray images.

9. A method for enhancing ultrasound images, comprising
the following steps:

a) providing an ultrasound image of a region of interest of

an object;

b) providing an X-ray image of the region of interest of the

object;

¢) selecting in at least one target object in the X-ray image;

d) registering the ultrasound image and the X-ray image;

e) detecting the at least one target object in the ultrasound

image based on the registration; and

) highlighting at least an area of the detected target object

in the ultrasound image thereby generating ultrasound
image.

10. (canceled)

11. Method according to claim 9, wherein the predeter-
mined image area is an interventional tool, which is detected
and tracked automatically for the selecting in step c).
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12. Method according to claim 9, wherein in step d), the
selected area is projected as an outline; and

wherein in step e), objects are selected in the ultrasound

image that fit into the projected outline.

13. Method according to claim 8, wherein:

in step a), a first sequence of ultrasound images of the

region of interest is provided,

instep b), a second sequence of X-ray images of the region

of interest is provided;

in step c), the at least one target is detected in one of the

X-ray images and tracked in the other X-ray images;

in step d), the first sequence of ultrasound images is regis-

tered with the second sequence of X-ray images;

in step e), the atleast one target object is detected in the first

sequence of ultrasound images based on the registration;
and

in step f), the at least one target object is highlighted in the

first sequence of ultrasound images.

14. A computer program element for controlling an image
processing device according to claim 1, or a medical imaging
system, which, when being executed by a processing unit, is
adapted to perform method steps.

15. A computer readable medium having stored the pro-
gram element of claim 14.

16. System according to claim 1, further comprising an
interventional tool or device, wherein the target object corre-
sponds to said interventional tool or device.

* ok %k
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