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visualization. To provide an enhanced possibility to check that a vascular
treatment has been correctly performed, it is proposed to provide (112) a first
image data (114) of a region of interest of a vascular structure at a first point
in time, and to provide (116) at least one second image data (118) of the re-
gion of interest of the vascular structure at a second point in time, wherein a
vascular treatment has been applied to the vascular structure between the
first point in time and the second point in time. Further, the first and the at
least one second image data are combined (120) generating a joint outcome
visualization image data (122) and the joint outcome visualization image
data is displayed (124).
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VASCULAR TREATMENT OUTCOME VISUALIZATION

FIELD OF THE INVENTION

The present invention relates to vascular treatment outcome visualization. The
present invention relates in particular to a device for vascular treatment outcome visualization,
a medical imaging system for vascular treatment outcome visualization, a method for vascular
treatment outcome visualization, as well as a computer program element and a computer

readable medium.

BACKGROUND OF THE INVENTION

In vascular treatments, for example in percutaneous coronary intervention, for
example treating cardiac stenosis, it is of importance to control a correct performance of the
treatment. One possibility can be seen in acquiring images of the region of interest after the
vascular treatment and to have these images inspected by the surgeon, for example. US
7,941,000 describes providing a view on a post-deployment situation. However, it has been
shown that this allows only assessing the final situation. An evaluation in the sense of whether

an appropriate treatment has occurred is not possible.

SUMMARY OF THE INVENTION

There is a need to provide an enhanced possibility to check that a vascular
treatment has been correctly performed.

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 device for vascular treatment outcome visualization, the medical imaging system
for vascular treatment outcome visualization, the method for vascular treatment outcome
visualization, as well as for the computer program element and the computer readable
medium.

According to a first aspect of the present invention, a device for vascular
treatment outcome visualization is provided, that comprises a processing unit, an interface unit
and a display unit. The interface unit is configured to provide the processing unit with a first

image data of a region of interest of a vascular structure at a first point in time, and to provide
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the processing unit with at least one second image data of a region of interest of a vascular
structure at a second point in time; wherein, between the first point in time and the second
point in time, a vascular treatment is provided to be applied to the vascular structure. The
processing unit is configured to combine the first and the at least one second image data to
generate a joint outcome visualization image data. The display unit is configured to display the
joint outcome visualization image data.

According to an exemplary embodiment of the invention, the processing unit is
configured to register the first and the second image data for the combination.

According to an exemplary embodiment of the invention, the vascular
treatment comprises a placement of a predetermined medical device inside a vascular
structure. The interface unit is configured to provide a device image data of the placed device.
The processing unit is configured to combine the device image data, in addition to the first
image data and the second image data, to generate the joint outcome visualisation image data.

According to an exemplary embodiment of the invention, the processing unit is
configured to register the device image data with at least the first or/and the second image
data.

According to an exemplary embodiment of the invention, for the second image
data, the interface unit is configured to provide a plurality of images of a first subset of
images, in which the device is visible, and to provide at least one image of a second subset of
images as a mask image data, in which the vascular structure is visible. The first subset of
images and the second subset of images relate to a point in time after the vascular treatment
has been applied. The processing unit is configured to register and combine the plurality of
images of the first subset of images to each other along time to generate a boosted device
image data in which regions relating to the device are boosted. The processing unit is
configured to combine the first image data, the boosted device image data, and the mask
image data to generate the joint outcome visualization image data.

The combination of the plurality of images may comprise an averaging of the
plurality of images.

According to a second aspect of the present invention, a medical imaging
system for vascular treatment outcome visualization is provided, that comprises an image
acquisition unit and a device for vascular treatment outcome visualization according to one of
the above mentioned embodiments. The image acquisition unit is configured to provide the

first image data of the region of interest of the vascular structure at a point in time and to
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provide the second image data of the region of interest of the vascular structure at the second
point in time.

According to a third aspect of the present invention, a method for vascular
treatment outcome visualization is provided, comprising the following steps:

a) providing a first image data of a region of interest of a vascular structure at a
first point in time;

b) providing at least one second image data of the region of interest of the
vascular structure at a second point in time;

c) combining the first and the at least one second image data generating a joint
outcome visualization image data; and

d) displaying the joint outcome visualization image data.

According to an exemplary embodiment of the invention, the vascular
treatment comprises placing a predetermined medical device inside the vascular structure. In
addition to the first image data and the second image data, a device image data of the placed
device is also combined to generate the joint outcome visualization image data.

For the combination, the device image data may be registered with at least the
first or/and the second image data.

According to an exemplary embodiment of a method of the invention, a
plurality of images of the first subset of images, in which the device is visible, are registered to
cach other along time generating a boosted device image data in which regions relating to the
device are boosted. At least one image of a second subset of images is provided as a mask
image data, in which the vascular structure is visible. The first subset of images and the second
subset of images relate to a point in time after the vascular treatment has been applied. In
step c¢), the first image data, the boosted device image data and the mask image data are
combined to generate the joint outcome visualization image data.

According to an aspect of the present invention, it is proposed to build a
synthetic visualization of the vascular treatment, which treatment for example can comprise a
stenting operation. An image is generated showing the lumen before and after the vascular
treatment, for example before and after stenting. Thus, a clinician can easily check that the
operation was correctly performed. Further, also the procedure is documented in a single
synthetic image, i.c. the joint outcome visualization image, which is easily understandable by
both the clinician and the patient himself.

It is an aspect of the present invention to generate an image of a summary, so-
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to-speak, so that the clinician, as well as the patient, can see how the vessel was treated, for

example opened by stenting. Further, in case of stenting, it is also possible to superimpose the

stent in form of a stent boost image, for example, to see if the stent rests to the vessel’s wall as

intended. The resulting image is a new type of summary image, in which it is possible to see if

an intervention that has been taken place was a success or not. The joint outcome visualization

image also serves as a documentation of the process, since the pre-treatment state, as well as

the post-treatment state, are shown in one image.

These and other aspects of the invention will become apparent from and

elucidated with reference to the embodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the invention will be described in the following with

reference to the following drawings.

Fig. 1

Fig. 2

Fig. 3

Figs. 4 to 8

Fig. 9

Fig. 10

Fig. 11

shows an exemplary embodiment of a device for vascular
treatment outcome visualization according to the present
invention.

schematically shows a medical imaging system for vascular
treatment outcome visualization according to an exemplary
embodiment of the invention.

schematically shows basic method steps of a method for vascular
treatment outcome visualization according to an exemplary
embodiment of the present invention.

show further exemplary embodiments of a method according to
the present invention.

shows a further exemplary embodiment of a method according
to the present invention.

shows an exemplary embodiment for a result in form of a joint
outcome visualization image according to the present invention.
shows the line drawing of Fig. 10 in relation with an X-ray

image.
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DETAILED DESCRIPTION OF EMBODIMENTS

Fig. 1 shows a device 10 for vascular treatment outcome visualization,
comprising a processing unit 12, an interface unit 14, and a display unit 16.

An enclosing frame 18 indicates the possibility to arrange the processing unit
12, the interface unit 14, and the display unit 16 inside a common housing. However, it must
be noted that the respective units can also be provided as separate components connected to
each other to form the device 10.

The interface unit 14 is configured to provide the processing unit with a first
image data of a region of interest of a vascular structure at a first point in time. For example,
the first image data provision is indicated with a first entering arrow 20. The interface unit 14
is further configured to provide the processing unit 12 with at least one second image data of
a region of interest of a vascular structure at a second point in time, which second image data
provision is indicated with a second entering arrow 22. Between the first point in time and the
second point in time, a vascular treatment is provided to be applied to the vascular structure.
The processing unit 12 is configured to combine the first and the at least one second image
data 20, 22 to generate a joint outcome visualization image data 24. The display unit 16 is
configured to display the joint outcome visualization image data 24.

The processing unit 12 may be configured to register the first and the second
image data for the combination.

For example, for a determination of the region of interest, a spatial localization
of a stenosis may be determined by detecting the stenosis in contrast-injected angiographic
images, by determining pre-set markers, or by manually determining the stenosis.

With reference to Fig. 2, a medical imaging system 50 for vascular treatment
outcome visualization is provided, comprising an image acquisition unit 52, and a device 54
for vascular treatment outcome visualization according to the above mentioned device 10
described in Fig. 1.

For example, the image acquisition unit 52 is provided as a CT arrangement
with a gantry 56 and an X-ray source 58 as well as a detector 60. The X-ray source 58 and the
X-ray detector 60 are arranged on the gantry such that they can be rotated around an object,
for example a patient 62. A support 64, for example a table, is provided to support the object,
for example a patient, during the procedure. The device 54 for vascular treatment outcome
visualization 18 shown comprising a processing unit 66, a display unit 68, and a user control

interface unit 70. The interface unit indicated with reference numeral 14 in Fig. 1 is not further
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shown in Fig. 2.

The image acquisition unit 52 is configured to provide the first image data of
the region of interest of the vascular structure and the second image data of the region of
interest of the vascular structure.

Further, an interventional device 72 is schematically indicated, which
interventional device is provided to apply the vascular treatment. The interventional device 72
is configured such that it can be controlled and activated by the user interface control unit 70.

Before referring to Figs. 3 et seq., describing aspects in relation with exemplary
embodiment of methods for vascular treatment outcome visualization according to the present
invention, some further aspects in relation with stent placement, or stenting, as an example for
a vascular treatment, shall be briefly discussed in the following.

The present invention can be used by an imaging system for percutaneous
coronary intervention (PCI) in catheter laboratories, for example, to treat cardiac stenosis. For
example, as a basic interventional procedure for stenting, a catheter is inserted into the
vascular system, starting from an access site. The catheter is then moved along the larger
vessels up to the particular vascular structure, which is to be treated. For example, by applying
X-ray imaging, angiographic sequences can be recorded by cathlab X-ray equipment upon
injecting contrast agent. Thus, the vessels are shown when filled with contrast agent in the
images. It is explicitly noted that alternatively to X-ray imaging, also other imaging modalities
are applicable, for example CT or MRI, in which contrast agent can be omitted.

During the intervention, a guide wire which is flexible and usually partially or
fully radio-opaque, is advanced to the vascular structure to be treated, for example to a
stenosis in the coronary system, to neurovascular aneurisms, or arteriovenous malformations.
The guide wire may be visualized by low dose X-ray fluoroscopy. Upon reaching the vascular
structure that requires treatment, the guide wire can then serve as a rail to deliver
interventional devices, for example balloons for dilation and stent delivery, detachable coils for
aneurisms, clotting, or the like. The delivery and deployment of the interventional devices may
also be fluoroscopy-controlled. The inadequate expansion of the stent, the improper placement
of the stent, and gap or overlap between several stents must be avoided. For example,
inadequately deployed stents can cause thrombosis.

The present invention generates an image showing the lumen before stenting,
overlaid to the lumen after stenting (see below). Optionally, the deployed stent may be

superimposed to this image. The overlay sources, for example in case of pre-post-stenting
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lumen overlay two sources, or in the case of pre-post lumen plus boosted stent overlay three
sources, may be correctly co-registered in case of different imaging geometries. In case of
exactly matching imaging geometries, and in case of not-movement of the object, a
registration can be omitted. A registration step may include spatial registration, for example
mainly for breathing compensation and, if applicable, for table motion compensation, but also
the temporal pairing of the source images can be provided to compensate for cardiac motion,
for example. For example, the pre- and post-stenting lumens to be registered are
advantageously picked in the same cardiac phase.

As shown in Fig. 3, a method 100 for vascular treatment outcome visualization
is provided. In a first provision step 112, a first image data 114 of a region of interest of a
vascular structure at a first point in time is provided. In a second step provision 116, at least
one second image data 118 of the region of interest of the vascular structure at a second point
in time is provided. A vascular treatment is applied to the vascular structure between the first
point in time and the second point in time (not further shown). In a combination step 120, the
first and the at least one second image data 114, 118 are combined, generating a joint outcome
visualization image data 122. In a display step 124, the joint outcome visualization image data
122 is displayed.

The first provision step 112 is also referred to as step a), the second provision
step 116 as step b), the combination step 120 as step ¢), and the display step 124 as step d).

The first image data and the second image data may be spatially registered.

The first image data relates to the point in time, and the second image data
relates to the second point in time. Following, the first image data has been acquired at a first
point in time and the second image data has been acquired at a second point in time.

The first point in time relates to a pre-treatment state, and the second point in
time relates to a post-treatment state. It is noted that the term “treatment” relates to the
particular vascular treatments to be applied, whereas other measurements or treating steps
preparing, supporting or otherwise being necessary for image acquisition in dependence of the
respective imaging modality used, are not falling under the term “treatment” when used in
relation to time.

For example, the vascular treatment may comprise a stenting procedure. The
vascular treatment may also be another operational procedure, and the pre-treatment state
refers to a pre-operational state, and the post-treatment state refers to a post-operational state.

For example, between the pre-treatment state and the post-treatment state, a
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medical intervention has been performed affecting the vascular structure in the region of
interest.

The image data may be acquired by CT, or MRI, or X-ray, as mentioned above,
with and without contrast agents.

The joint outcome visualization image may be a synthetic result evaluation
image, also referred to as a synthetic result assessment image (not further shown).

As shown in Fig. 4, step ¢) may comprise a registration step 126, in which the
first and the second image data 114, 118 are registered for the combination 120. The
registered image data are indicated with reference numerals 114" and 118'. A common dotted
frame 128 surrounds the registration step 126 and the combination 120 indicating that these
two steps are related close to each other.

The registration may be based on markers provided in the region of interest,
landmarks in the region of interest, vessel regions outside the treatment area but inside the
region of interest and thus visible in the first and second image data, or the like.

Fig. 5 relates to a further exemplary embodiment of a method, wherein the
vascular treatment comprises placing a predetermined medical device inside the vascular
structure (not further shown). In addition to the first image data 114 and the second image
data 118, a device image data 130 is provided in a provision step 132. The device image data
130 is also combined in the combination step 120, which combination of the device image data
is indicated with a further arrow 134, in order to generate the joint outcome visualization
image data 122.

For the combination, the device image data 130 may be registered with at least
the first or/and the second image data, which is indicated with two dotted lines 136 indicating
the different options. However, it must be noted that this registration can be omitted in case of
no motion appearance.

The device image data 130 provided in the provision step 132 may be an
outcome 138 of at least one image processing sub-step 140, wherein the image processing
sub-step 140 is based on a plurality 142 of secondary image data of the region of interest of
the vascular structure after the vascular treatment being provided in a further provision step
144.

According to a further example, shown in Fig. 7, for the second image data, a
plurality of images of a first subset 146 of images, in which the device is visible, are registered

to cach other along time in a registration sub-step 148, generating a boosted device image
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data 150, in which regions relating to the device are boosted. Further, at least one image of a
second subset 152 of images is provided as mask image data, indicated with arrow 154, in
which mask image data 154 the vascular structure is visible. The first subset of images 146
and the second subset of images 152 relate to a point in time after the vascular treatment has
been applied. In step ¢), the first image data 114, the boosted device image data 150, and the
mask image data 154 are combined in a combination step 156 to generate the joint outcome
visualization image data 122. It is noted that the combination step 156 is according to the
combination step 120 as described in relation with Fig. 3 et seq.

For the combination and/or registration, markers may be provided to be
detectable, for example visible, in the first subset of images and in the second subset of
images. This is not further shown.

Referring to the device boosting, it is noted that while the boosting of the
device, the background surrounding the device is blurred in the image due to motion over time
of the respective image areas or regions.

The predetermined medical device may be a stent, which is provided in a
deployed state in the second point in time. In other words, the second image data is showing
the actually inserted stent in the deployed state.

In step ¢), i.e. the combination step, the first image data 114 is superimposed,
or overlaid, to the second image data 118, which also relates to superimposing or overlaying
the first image data to the boosted device image data 150 and the mask image data 154.

In step c), the vascular structure of a first image data is shown in a first
graphical manner, and the vascular structure of the second image data may be shown in a
second graphical manner, wherein the first graphical manner is different than the second
graphical manner (not further shown).

As shown in Fig. 8, in step a), a first sequence 158 of first images is provided in
a provision step 160. In step b), a second sequence 162 of second images is provided in a
second provision step 164. The sequences comprise several images along time. Further, the
first and the second sequences 158, 162 are temporarily registered in a registration sub-step
166.

According to a further example (not further shown), a stenosis is spatially
detected in the first images, for example first angiographic images, determining a first region
of interest in the first angiographic images.

The first and the second images or first and second image data may be
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temporarily synchronized to the same cardiac phase.

For example, a second region of interest may be determined in the second
angiographic images based on the first region of interest.

During the temporal registration, the first and second angiographic images may
be provided with a temporal index (not further shown).

As a first image data, a first angiographic image from the first sequence of first
angiographic images may be selected and, as the second image, a second angiographic image
from the second sequence of second angiographic images may be selected.

For spatial matching of the first and the second image, motion compensation
may be performed.

The first and the second image may be spatially synchronized to the same
breathing phase.

The spatial registration may provide an aligned first region of interest and an
aligned second region of interest in the respective image data.

According to a further example, although not further shown, further image data
of the region of interest of the vascular structure at a further point in time is provided. The
further point in time is arranged between the first and the second point in time. The further
image data is also combined in step ¢).

For example, the second image data is superimposed on a further image data
and the first image data is superimposed on the second image data being imposed on the
further image data.

As mentioned or indicated above, for steps a) and b), a number of first and
second images may be provided and an image or image data can be chosen according to
predetermined parameters, such as best-injected image, highest contrast, etc.

Fig. 9 shows a further exemplary embodiment of a method 200 according to
the present invention. First arrows 210 indicate the provision of angiography-sequences. Next,
a spatial detection, or spatial localization of a stenosis is provided, which is indicated with a
first frame 212. The spatial localization of the stenosis may be determined in the different
angiography-sequences. For example, this can be done by explicitly detecting the stenosis on
the injected angiographic images, for example as vessels becoming abruptly thin; or by
resorting to a stent boost strategy, where the detection is relying on the balloon markers to
detect the stenosis of interest; or by manually positioning by the user.

Second arrows 214 leaving the box or frame 212 indicate the output of the
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spatial detection of the stenosis, i.e. the stenosis region of interest.

It is further noted that a pair of arrows is indicating that the respective pair
relates to a point in time before the vascular treatment, for example before stenting, and to a
second point in time after the treatment has taken place, for example after stenting. Thus, at
least some of the respective reference numerals are supplemented with an index 1 relating to a
state or point in time before the treatment, and with an index 2 relating to a point in time or
state after the treatment. Next, by providing the stenosis region of interest, as indicated with
second arrows 214, and also by providing angiography-sequences, as indicated with third
arrows 216, an angiography-sequence detection step 218 is provided. For example, there may
be more than two angiographies referring to the same stenosis. Also, more than one stenosis
can be treated. One step therefore is to allocate the different stenosis to the corresponding
angiographies (if any). When a balloon marker strategy is followed for instance, the
angiographies of interest are those where the marker’s position is close to the marker’s
location during stent boost, for example. Then, the best angiography sequences before and
after stenting need to be chosen. A good choice would be to put the best-injected sequences
(which can be determined automatically from the images). Of course, this could also comprise
potential user interaction, as indicated with dotted arrow 220 entering the box of the
angiography-sequences detection 218. As a result, or an output so-to-speak, an angiography
sequence;, i.c. before stenting, indicated with reference numeral 222, and an angiography
sequence,, i.e. after stenting, indicated with reference numeral 224, is provided. Further, a
region of interest stenosis; is indicated with reference numeral 226, and a region of interest
stenosis; is indicated with reference numeral 228. The four arrows 222, 224, 226, 228 enter a
temporal synchronization step 230.

The goal of the temporal synchronization step 230 is to overlay the lumen
before and after stenting. In order for the vessels to be comparable, they must be observed at
the same cardiac phase. This step finds the temporal correspondence between the two
considered angiographic sequences. This may be performed based on an ECG (not further
shown), or directly on the image (for example by aligning the vessels). As a result, a temporal
index correspondence 232 is provided. The above-mentioned output of the angiography-
sequence detection 218 is also supplied to an instant choice step 234.

So far, the angiographic sequences are still considered. It is now necessary to
identify the two images, i.c. one before and one after stenting, at the same cardiac phase,

allowing the best vessel comparison. This is possible by investigation of every pair of image of
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the same cardiac phase and to conclude a criterion on the stenosis visibility, for example as
injected as possible, and not occluded by other vessels, to pick the best couple.

The output of the instant choice step 234 is a first angiography-image 236, and
a second angiography-image 236,. These two angiography-images enter a spatial vessel
matching step 238. Further, the spatial vessel matching 238 is also entered by the region of
interest stenosisy, i.e. as a result of the angiography-sequence detection 218, indicated with
reference numeral 226, and the region of interest stenosis,, indicated with reference numeral
228, which entering is indicated with two further arrows 240, and 240,.

In the spatial vessel matching, it is taken into account that the clinician may
have moved the table between the two considered exams, i.e. pre- and post-stenting, and the
selected images can be in two different breathing phases, for example. Therefore, a spatial
warping must be performed to enforce a perfect alignment of the portion of vessels of interest.
This is possible by relying on the balloon markers. Alternatively, as an example, it is possible
to filter the vessels and enforce their optimal alignment by performing a motion compensation
method (block matching, daemons, etc.). It could also be possible to combine both
approaches, i.c. balloon and then image, to achieve a beneficial result.

As an output of the spatial vessel matching 238, an aligned region of interest 1,
indicated with reference numeral 242, i.e. pre-stenting, and an aligned region of interest 2,
indicated with reference numeral 242,, i.e. post-stenting, are provided to an overlay
computation step 244.

In the overlay computation step 244, the output image is generated. For
example, both aligned images may be colour-coded. Some image processing may be
performed to enhance the vessels and/or clean the background and generate a clear output
image as possible. As a result of the overlay computation 244, a final arrow 246 indicates a
synthetic summary image.

It is also possible to add the stent geometry, for example as computed during
stent boost, to the final image, which is indicated by a second dotted arrow 248 entering the
overlay computation step 244, which second dotted arrow indicates the potential stent boost
result consideration. Therefore, the balloon markers may be aligned with the post-stenting
final balloon markers’ position.

It is noted that the different steps detailed above have been separated for the
sake of clarity. An algorithm performance will benefit from having certain steps performed

together, for instance, spatial vessel matching 238 and the instant choice 234.
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Fig. 10 shows an example for a joint outcome visualization image 300 in the
right part. On the left column, original images are shown indicating a vessel structure before
the vascular treatment in an upper image 310 and the same vessel structure after vascular
treatment in a lower image 320. The centre column shows a considered stenosis region of
interest, where the background has been erased, for the first state in a first enhanced image
320 in the upper row and a second image 340 for the similar considered stenosis region of
interest at the second point in time in the row below.

The right side, as indicated above, shows the final result, where, for example,
the original vessels are displayed in a first graphical pattern 352 and the reopened region is
indicated with a second graphical pattern 354.

Fig. 11 shows the line drawing of Fig. 10 together with a photographic image
of an X-ray image.

It is further noted that the output image, i.c. the joint outcome visualization
image may also display more than two time instants of an intervention. If several stents are
deployed in the same region, the progress of the procedure can be presented in different
colours, or different graphical patterns, one for each step. It is further noted that the output
does not have to be limited to one static image only, in particular, a series of images, as
indicated above, one for each cardiac phase, can be generated. They can be gathered in a
video (not further shown), which displays the difference between pre- and post-lumen at each
cardiac phase. The variation of the method can be used to illustrate the progress of a chronic
total occlusion (CTO) treatment. The application may benefit from colour-coded presentation
of more than one stage of the procedure.

In another exemplary embodiment of the present invention, a computer
program or a computer program element 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.

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.
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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.

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.

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 clement is
described by the preceding section.

A computer program may be stored and/or distributed 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 telecommunication systems.

However, the computer program may also be presented 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 eclement available for downloading is provided, which
computer program element is arranged to perform a method according to one of the
previously described embodiments of the invention.

It has 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 addition to any combination of
features belonging to one type of subject matter, also any combination between features
relating to different subject matters is considered as being disclosed with this application.
However, all features can be combined providing synergetic effects that are more than the
simple summation of the features.

While the invention has been illustrated and described in detail in the drawings
and foregoing description, such illustration and description are to be considered illustrative 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
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in the art in practicing a claimed invention, from a study of the drawings, the disclosure, and
the dependent claims.

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.
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CLAIMS:

1. A device (10) for vascular treatment outcome visualization, comprising;
- a processing unit (12);
- an interface unit (14); and
- a display unit (16);
wherein the interface unit is configured to provide the processing unit with a
first image data (20) of a region of interest of a vascular structure at a first point in time; and
to provide the processing unit with at least one second image data (22) of a region of interest
of a vascular structure at a second point in time; wherein, between the first point in time and
the second point in time, a vascular treatment is applied to the vascular structure;
wherein the processing unit is configured to combine the first and the at least
one second image data to generate a joint outcome visualization image data (24); and
wherein the display unit is configured to display the joint outcome visualization

image data.

2. Device according to claim 1, wherein the processing unit is configured to

register the first and the second image data for the combination.

3. Device according to claim 1 or 2, wherein the vascular treatment comprises a
placement of a predetermined medical device inside a vascular structure;

wherein the interface unit is configured to provide a device image data of the
placed device;

wherein the processing unit is configured to combine the device image data, in
addition to the first image data and the second image data, to generate the joint outcome

visualisation image data.

4. Device according to claim 3, wherein the processing unit is configured to

register the device image data with at least the first or/and the second image data.
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5. Device according to claim 3 or 4, wherein the processing device is configured
to provide the device image data as an outcome of at least one image processing sub-step,
which image processing sub-step is based on a plurality of secondary image data of the region

of interest of the vascular structure after the vascular treatment.

6. Device according to claim 3, 4 or 5,

wherein for the second image data:
- the interface unit is configured to provide a plurality of images of a first subset
of images, in which the device is visible; and to provide at least one image of a second subset
of images as a mask image data, in which the vascular structure is visible; wherein the first
subset of images and the second subset of images relate to a point in time after the vascular
treatment has been applied; and
- the processing unit is configured to register and combine the plurality of images
of the first subset of images to each other along time to generate a boosted device image data
in which regions relating to the device are boosted; and

wherein the processing unit is configured to combine the first image data, the
boosted device image data and the mask image data to generate the joint outcome

visualization image data.

7. Device according to one of the preceding claims, wherein the interface unit is
configured to provide a first sequence of first images; and to provide a second sequence of
second images; wherein the sequences comprise several images along time; and

wherein the processing unit is configured to temporally register the first and the

second sequencces.

8. Device according to one of the preceding claims, wherein the interface unit is
configured to provide further image data of the region of interest of the vascular structure at a
further point in time; wherein the further point in time is arranged between the first and the
second point in time; and

wherein the processing unit is configured to also combine the further image

data for the generation of the joint outcome visualization image data.
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9. A medical imaging system (50) for vascular treatment outcome visualization,
comprising:
- an image acquisition unit (52); and
- a device (54) for vascular treatment outcome visualization according to one of
the preceding claims;

wherein the image acquisition unit is configured to provide the first image data
of the region of interest of the vascular structure; and to provide the second image data of the

region of interest of the vascular structure.

10. A method (100) for vascular treatment outcome visualization, comprising the
following steps:
a) providing (112) a first image data (114) of a region of interest of a vascular
structure at a first point in time;
b) providing (116) at least one second image data (118) of the region of interest
of the vascular structure at a second point in time;

wherein a vascular treatment has been applied to the vascular structure between
the first point in time and the second point in time;
c) combining (120) the first and the at least one second image data generating a
joint outcome visualization image data (122); and

d) displaying (124) the joint outcome visualization image data.

11. Method according to claim 10, wherein the vascular treatment comprises
placing a predetermined medical device inside the vascular structure;

wherein, in addition to the first image data and the second image data, a device
image data (132) of the placed device is also combined (134) to generate the joint outcome

visualisation image data (122).

12. Method according to claim 10 or 11,

wherein for the second image data:
- a plurality of images of a first subset (146) of images, in which the device is
visible, are registered (148) to each other along time generating a boosted device image data

(150) in which regions relating to the device are boosted; and
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- at least one image of a second subset (152) of images is provided as a mask
image data (154), in which the vascular structure is visible; wherein the first subset of images
and the second subset of images relate to a point in time after the vascular treatment has been
applied; and

wherein in step ¢), the first image data, the boosted device image data and the
mask image data are combined (156) to generate the joint outcome visualization image data

(122).

13. Method according to one of the claims 10 to 12, wherein further image data of
the region of interest of the vascular structure at a further point in time is provided;

wherein the further point in time is arranged between the first and the second
point in time; and

wherein the further image data is also combined in step c).
14. Computer program element for controlling an apparatus according to one of
the claims 1 to 8, which, when being executed by a processing unit, is adapted to perform the

method steps of one of the claims 10 to 13.

15. Computer readable medium having stored the program element of claim 14.
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