wo 2012/123850 A 1[I I 000 0O OO0 O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2012/123850 A1

20 September 2012 (20.09.2012) WIPO I PCT

(51) International Patent Classification: (74) Agents: VAN VELZEN, Maaike, M. et al.; High Tech

A61B 6/06 (2006.01) AG61B 6/12 (2006.01) Campus, Building 44, NL-5656 AE Eindhoven (NL).
(21) International Application Number: (81) Designated States (uniess otherwise indicated, for every
PCT/IB2012/051021 kind of national protection available). AE, AG, AL, AM,
(22) International Filing Date: AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
g ’ CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
5 March 2012 (05.03.2012) DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
(25) Filing Language: English HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
) KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(26) Publication Language: English MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(30) Priority Data: OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
11305285.6 15 March 2011 (15.03.2011) EP SE, SG, SK, SL, SM, ST, SV, 8Y, TH, TJ, TM, TN, TR,

TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant (for all designated States except US):

KONINKLIJKE PHILIPS ELECTRONICS N.V. (84) Designated States (unless otherwise indicated, fO}" every
[NL/NL]; Groenewoudseweg 1, NL-5621 BA Eindhoven kind of regional protection available): ARIPO (BW, GH,
(NL). GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU,
(72) Inventors; and TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
(75) Inventors/Applicants (for US ornly): FLORENT, Raoul DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

[FR/FR]; c/o High Tech Campus Building 44, NL-5656
AE Eindhoven (NL). HOORNAERT, Bart Pierre Ant-
oine Jozef [BE/BE]; c¢/o High Tech Campus Building 44,
NL-5656 AE Eindhoven (NL). STEGEHUIS, Herman

LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW,ML, MR, NE, SN, TD, TG).

[NL/NL]; c/o High Tech Campus Building 44, NL-565¢ Declarations under Rule 4.17:

AE Eindhoven (NL).

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

[Continued on next page]

(54) Title: MEDICAL IMAGING DEVICE FOR PROVIDING AN IMAGE REPRESENTATION SUPPORTING IN POSITION -
ING AN INTERVENTION DEVICE

(57) Abstract: A medical imaging device and a method for providing an image representation supporting positioning of an interven -
tion device such as a wire tip (4) in a region of interest during an intervention is proposed. Therein, the following process steps are
to be performed: (S1) acquiring a pre-live anatomy image (1) including a region of interest; (S2) acquiring a live anatomy image us-
ing a live image acquisition device comprising an adjustable collimator device; (S3) identitying a location (5) of the intervention
device (4) within the live anatomy image; (S4) adjusting settings of the collimator device based on the identified location of the in -
tervention device for subsequently acquiring a further live anatomy image representing the region of interest using the live image ac-
quisition device with the collimator device being in the adjusted settings; and providing (S5) the image representation by merging
information from the live anatomy image into the pre-live anatomy image.. Thereby, the intervention device may be continuously
tracked and the collimator device may restrict a field of view to a location of the intervention device thereby significantly reducing
an applied X-ray dose. Background anatomical information may be introduced into the final image representation using the pre-live
anatomy image possibly having a higher image contrast than the live anatomy images.



WO 2012/123850 A1 WA 00 TN A O A O

Published:
—  with international search report (Art. 21(3))



WO 2012/123850 PCT/IB2012/051021

MEDICAL IMAGING DEVICE FOR PROVIDING AN IMAGE REPRESENTATION
SUPPORTING IN POSITIONING AN INTERVENTION DEVICE

FIELD OF THE INVENTION

The present invention relates to a medical imaging device which may be used
for providing an image representation supporting in positioning of an intervention device in a
region of interest during a medical intervention procedure. Furthermore, the present invention
relates to a medical imaging system, a medical imaging method, a computer program and a
computer-readable medium, all of which are adapted for providing an image representation
which may be used in supporting for example a surgeon during positioning of a medical

intervention device.

BACKGROUND OF THE INVENTION

During medical intervention procedures one or more intervention devices may
have to be accurately positioned within a region of interest within a patient. For example e.g.
during a cardiac catheterization a wire tip may have to be positioned at a precise location
within a vessel system. In order to help a physician in such positioning, medical imaging
devices are typically provided for displaying an image representation from which the physician
may derive information about both the patient’s anatomy within a region of interest and the
current position of the intervention device.

Conventionally, X-ray imaging devices are used to provide a fluoroscopy image
or a sequence of fluoroscopy images during the intervention procedure. In the fluoroscopy
image(s), the physician may observe the actual position of the intervention device as such
intervention device typically comprises X-ray opaque portions.

The acquisition of a plurality of X-ray fluoroscopy images implies that the
patient is subject to an essential X-ray exposure. However, an X-ray dose transmitted through
the patient’s body should be as low as possible. In order to reduce the X-ray exposure, US
7,340,033 B2 proposes to use an X-ray image acquisition device comprising an adjustable
collimator, to determine a region of interest from an acquired X-ray picture and to adjust the
collimator thereon. Therein, the region of interest can be chosen to be large enough for the

irradiation field to cover all those positions of an organ of interest that occur as a result of



WO 2012/123850 PCT/IB2012/051021

heartbeat and/or respiration.

Furthermore, X-ray fluoroscopy images may suffer from a poor contrast such
that the patient’s anatomy may be difficult to observe in such fluoroscopy images and it may
be difficult to determine where the intervention device is positioned relative to the patient’s

anatomy.

SUMMARY OF THE INVENTION

There may be a need for a medical imaging device which may at least partly
overcome the above-mentioned deficiencies. Particularly, there may be a need for a medical
imaging device which enables reducing an X-ray exposure to the patient during positioning of
an intervention device in a region of interest during a medical intervention procedure.
Furthermore, there may be a need for a medical imaging device providing a detailed image
representation indicating a position of the intervention device within the patient’s anatomy.
Furthermore, there may be a need for a corresponding medical imaging system, a medical
imaging method, a computer program and a computer-readable medium adapted for providing
such advantageous image representation.

Such needs may be met by the subject-matter of the independent claims.
Advantageous embodiments are defined in the dependent claims.

According to a first aspect of the present invention, a medical imaging device
for providing an image representation supporting in positioning an intervention device in a
region of interest during an intervention procedure is proposed. The medical imaging device is
adapted for performing the following steps:

(1) acquiring a pre-live anatomy image including the region of interest;

(ii) acquiring a live anatomy image including the region of interest using a live
image acquisition device comprising an adjustable collimator device with the collimator device
being in previously set settings;

(iii) identifying a location of the intervention device within the live anatomy
image;

(iv) adjusting settings of the collimator device based on the identified location
of the intervention device for subsequently acquiring a further live anatomy image including
the region of interest using the live image acquisition device with the collimator device being
in the adjusted settings;

(v) providing the image representation by merging information from the live
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anatomy image into the pre-live anatomy image.

It may be noted that the above-mentioned steps may be performed in the
indicated order. Particularly, the one or more pre-live anatomy images and live anatomy
images may represent a same region of interest within the patient wherein the pre-live anatomy
image(s) may be acquired prior to starting the actual intervention procedure whereas the live
anatomy images are acquired during the intervention procedure. For example, the pre-live
anatomy image(s) may be angiogram images whereas the live anatomy images may be
fluoroscopy images. Particularly, a plurality of live anatomy images may be acquired wherein
the above-mentioned steps (i) to (v) are continuously repeated such that a sequence of image
representations may be provided by merging information from each of the plurality of live
anatomy images with a corresponding pre-live anatomy image.

A second aspect of the present invention relates to a medical imaging system
comprising a pre-live image acquisition device for acquiring high contrast images; a live image
acquisition device for acquiring low contrast images, the live image acquisition device
comprising an adjustable collimator device; the above-mentioned medical imaging device; and
a display for displaying the image representation provided by the medical imaging device.

A third aspect of the present invention relates to a medical imaging method
comprising method steps as defined above with respect to the first aspect of the invention.

A fourth aspect of the invention relates to a computer program adapted for
performing such method when executed on a computing device.

A fifth aspect of the invention relates to a computer-readable medium such as a
CD-ROM is presented wherein the computer-readable medium has a computer program as
described in the preceding section stored thereon. However, the computer program may also
be presented over a network and may be downloaded into the working memory of a data
processor from such network. Accordingly, the computer-readable medium may be a medium
for making a computer program available for downloading to a computer-readable medium
comprising stored thereon such computer program.

A gist of the present invention may be seen as based on the following ideas:

The proposed medical imaging device combines two main features for
providing an informative image representation indicating the location of an intervention device
within a region of interest and thereby helping a surgeon to correctly position the intervention
device:

(a) the location of the intervention device may be continuously tracked and an
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X-ray image acquiring mode may be adapted depending on the current location of the
intervention device. Therein, live anatomy images are acquired and a location of the
intervention device within a respective live image is determined. Based on such determined
location of the intervention device, the settings of a collimator device such as an X-ray
absorbing shutter or an X-ray attenuating wedge arrangement may be adjusted. In other
words, for example the position of a shutter or of wedges of the collimator device may be set
such that an acquisition of a subsequent live anatomy image is restricted to a partial area of the
region of interest adjacent to the determined location of the intervention device. In accordance
with such restriction, only a partial area of the region of interest is subjected to X-rays for
acquiring the subsequent live images. Accordingly, an overall X-ray dose transmitted through
the patient may be significantly reduced.

(b) However, it has been realized that the continuous adjusting of collimator
settings, i.e. the continuous repositioning of shutters or wedges for example, may result in a
troublesome visual impression of the acquired live images. Therefore, it is proposed to
additionally acquire one or more pre-live anatomy images of the region of interest and to
merge a respective pre-live anatomy image with a corresponding live anatomy image to finally
provide an image representation in which details of the surrounding anatomy may be
represented mainly based on the pre-live anatomy image whereas details on the current
position of the intervention device may be represented based on the current live image.

Therein, it may be beneficial that the pre-live anatomy image(s) may be
acquired with a higher image contrast than in the live anatomy images. For example, the pre-
live anatomy image may be an angiography image which is acquired with a relatively high X-
ray dose and while an X-ray absorbing contrast medium is present within the region of
interest. The live anatomy images may be acquired as fluoroscopy images during the inter-
vention procedure without the presence of contrast medium. Therein, an overall X-ray dose
may be significantly reduced due to continuous tracking of the current location of the inter-
vention device and adjusting settings of the collimator device such that the live images are
acquired only in a restricted area adjacent to such current location of the intervention device.

A final image representation to be presented e.g. to a surgeon for supporting in
positioning of the intervention device in the region of interest may then be provided by
merging a live anatomy image and a pre-live anatomy image such that in the provided image
representation a region adjacent to the location of the identified intervention device is

represented mainly based on the live anatomy image whereas a region distant to the location
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of the identified intervention device is represented mainly based on the pre-live anatomy
image. In other words, the location of the intervention device is visualized based mainly on the
current live anatomy image whereas the information about the patient’s anatomy within the
region of interest is provided based mainly on the previously acquired pre-live anatomy image
usually having a higher contrast than the live images.

With such technique, an overall radiation dose may be reduced by limiting the
live image acquisition to the actual area surrounding the intervention device while restoring
the occluded anatomy background with pre-live, possibly richer content previously acquired
and possibly acquired in diagnostic conditions.

It has to be noted that features and advantages of embodiments of the invention
are described herein with reference to different subject-matters. In particular, some
embodiments are described with respect to method type features whereas other embodiments
are described with respect to device type features. 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
of features relating to different subject-matters is considered to be disclosed with this
application. Particularly, features can be combined providing synergy effects that are more

than the simple sum of the features.

BRIEF DESCRIPTION OF THE DRAWINGS

Features and embodiments defined above and further features and advantages
of the present invention can also be derived from the examples of embodiments to be
described hereinafter and are explained with reference to embodiments, but to which the
invention is not limited. The invention will be described in more detail hereinafter with

reference to the drawings.

Fig. 1 shows an X-ray imaging system which may use a medical imaging
device or a medical imaging method according to an embodiment of the
present invention.

Fig. 2 shows a chart describing method steps performed by a medical imaging

device according to an embodiment of the present invention.

The figures are only schematically and not to scale.
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DETAILED DESCRIPTION OF EMBODIMENTS

Fig. 1 schematically shows an X-ray medical imaging system 10 which may be
used during an intervention procedure to provide an image representation thereby supporting
a surgeon in positioning an intervention device within a patient in accordance with an
embodiment of the present invention.

The imaging system 10 comprises an X-ray image acquisition device with an X-
ray source 12 provided to generate X-ray radiation. The X-ray source 12 comprises a
collimator 13 including shutters and wedges (not shown) in order to collimate the X-radiation
onto a region of interest. A table 14 is provided to receive a patient to be examined.
Furthermore, an X-ray image detection module 16 is located opposite to the X-ray source 12.
During an imaging procedure, the patient is located on the table 14, i.e. between the X-ray
source 12 and the detection module 16. X-rays are emitted by the X-ray source 12 and
transmitted through the patient before being detected by the detection module 16.

The detection module 16 is sending data to a data processing unit 18 which is
connected to both the X-ray source 12 and the detection module 16. The data processing unit
18 is adapted to acquire anatomy images and processing same in accordance with the
processing steps outlined above and hereinafter. Thus, the data processing unit 18 comprises
data interfaces to acquire pre-live and live anatomy images and is adapted to detect the
location of an intervention device in a live anatomy image in order to thereupon control the
collimator 13 of the X-ray source 12 to focus onto such location. Furthermore, the data
processing unit 18 is adapted for merging of pre-live and live anatomy images. Accordingly,
the data processing unit 18 may serve as a medical imaging device 19 according to an
embodiment of the present invention.

Furthermore, the data processing unit 18 is connected to a display device 20 for
displaying information to a person operating the X-ray imaging system, i.e. a clinician such as
a cardiologist or a cardiac surgeon. For example, image representations indicating a current
location of an intervention device within the patient may be displayed on the display device 20.
The display device may also be used to display two images such as e.g. both the image
representation indicating a current location of an intervention device as provided by the
medical imaging device 19 as well as a live image which has not been further processed and
which provides a good live information on the operation site. Furthermore, an interface unit

22 is provided in order to enable an information input by the operating person.
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It is noted that the example shown in Fig. 1 is of a so-called C-type X-ray
image acquisition device. Of course, the invention may also relate to other types of medical
imaging systems.

In the following, an operation mode and process steps to be performed by the
medical imaging system in accordance with an embodiment of the present invention shall be
described with reference to the chart shown in Fig. 2.

In order to perform a medical imaging method in accordance with embodiments
of the present invention, two data inputs are performed as follows.

First, a pre-live anatomy image 1 or a sequence of pre-live anatomy images is
acquired (step (S1)). Therein, a pre-live anatomy image represents a region of interest within a
patient. For example, a cardiac vessel region is represented. The pre-live anatomy image is
typically acquired prior to or in the periphery of an intervention procedure, i.e. at pre-
interventional or peri-interventional phases, in which an intervention device such as e.g. a
guide-wire is to be positioned within the region of interest. Typically, the pre-live anatomy
image can be an angiography image. Preferably, a sequence of angiographic images forming a
pre-live anatomy image sequence is acquired. In general this sequence does not contain any
intervention devices that will be manoeuvred during the actual intervention procedure such as
e.g. a wire tip, but it may contain devices that will not be manoeuvred during the intervention
procedure such as e.g. a catheter injection tip.

Generally, the pre-live anatomy image or pre-live anatomy image sequence
features the same region of interest as subsequently featured during the intervention procedure
with the live anatomy images. However, in the pre-live anatomy image(s) features may
possibly be enhanced by an increased contrast as such images may be acquired with a higher
X-ray dose than used in subsequent live anatomy image acquisition. Furthermore, during
acquisition of the pre-live anatomy image(s) a contrast medium may be present within the
region of interest. For example, in a preceding step, a contrast medium may be injected into
the patient’s vessels. Thereby, exposure conditions may be enhanced thereby enabling better
image contrast compared to subsequently acquired live anatomy image acquisition.

The pre-live anatomy image(s) may be acquired with the same imaging system
10 as used subsequently for acquiring the live anatomy images during the intervention
procedure. Alternatively a DRR (digitally reconstructed radiograph) sequence or a projection
sequence from a 3D volume acquired on the same or another X-ray medical imaging system or

even from another modality such as CT (computer tomography) or MR (magnetic resonance)
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may be used for acquiring the pre-live anatomy image(s). In case of MR the reconstruction of
an “X-ray-like pre-live image sequence” may require some extra computations. Alternatively,
an “MR-like” background may also be sufficient for guidance during an X-ray intervention. In
case of a DRR, it may not be necessary to calculate a full DRR as background image, but only
a vessel or organ that is relevant as a road map to guide the intervention device. The pre-live
anatomy image may be 2D, 3D, 4D or even more dimensional. Typically in Electro-Physiology
(EP) procedures such as Atrial Fibrilation (AF) procedures, one often resorts to a pre-live
segmentation of part of the heart in a CT volume, typically the left atrium, which might be
used as a source for pre-live anatomy image generation. The pre-live anatomy image can
therefore be constituted from segmentation or modelling data, as opposed to direct acquisition
data. In AF, typically the segmented left atrium from a CT volume, can be projected and
variously rendered onto a 2D plane compatible with the live image plane. The term image in
the expression “pre-live anatomy image” should therefore be understood in a broad way, as a
data source representing the anatomy and compatible with a subsequent merging with the live
images.

Another typical intervention is Percutaneous aortic Valve Replacement (PVR).
In this kind of procedures, the aortic cross and aortic root are typically segmented from a CT
volume. This segmentation can also serve to produce a pre-live anatomy image.

As a second data input, a first live anatomy image 2 of the region of interest is
acquired (step (S2)). For this image acquisition, an image acquisition device comprising an
adjustable collimator device is used. Typically, an X-ray fluoroscopy imaging device is used,
such fluoroscopy imaging device comprising a collimator device which includes at least one of
an X-ray absorbing shutter device and an X-ray attenuating wedge device. However, the
collimator device may also include other types of controllable X-ray absorbing or X-ray
attenuating devices which may be controlled such that their X-ray absorbing or X-ray
attenuating properties may be locally varied. Herein, X-ray absorbing may mean that no X-
rays are transmitted through the X-ray absorbing devices; X-ray attenuating may mean that X-
rays are partially transmitted through the X-ray absorbing devices. Using the example of a
collimator having a shutter and/or wedge device, by introducing the shutter and/or wedge into
an X-ray beam emitted by the X-ray source, such X-ray beam may be collimated, i.e. its lateral
dimensions may be restricted such that the imaging area from which the live anatomy image is
acquired may be limited. While for acquiring the first live anatomy image, the collimator

device may be in its fully opened state such that the entire area of the region of interest is
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imaged, subsequent live anatomy images may be acquired with a restricted setting of the
collimator device such that only a partial area of the region of interest adjacent to a previously
identified location of an intervention device is imaged. The live anatomy image(s) is typically
acquired with the intervention device being present within the region of interest. For example,
in cardiac catheterization, this intervention device can be a catheter injection tip 3 and a wire
tip 4. In AF procedures, the intervention device may be in fact multiple, and constituted by a
certain number of electrodes and catheters. In PVR interventions, the device is typically
constituted by the artificial valve to be deployed. However, the device can also include a
monitoring ultrasound probe. Generally speaking, the term device can therefore refer to
several separated entities which are manoeuvred during the intervention, and within the region
of interest. These entities might be prosthesis, delivery tools, measuring tools, etc.

Subsequent to acquiring a first live anatomy image, a location of the
intervention device(s) of interest such as of the wire tip 3 and/or the injection tip 4 is identified
within the live anatomy image (step (S3)). In other words, the intervention device(s) may be
tracked within a sequence of live anatomy images. The location of the intervention device(s)
may be determined based on analyzing location information, shape information and/or
radiometric content comprised in the first live anatomy image. For identifying the current
location of the intervention device(s), conventional segmentation tools may be used. Such
segmentation tools preferably allow real-time identification of the intervention device(s).
However, the determination of the device(s) location might also be determined by non-
imaging material, such as through active localiser, typically Electro-Magnetic trackers (EM
trackers). When used, those trackers are directly mounted on the device(s) of interest.

The term location should be understood in a broad sense. It might refer to the
location of a precise point of the device, but it also might refer to several points on the device,
or even to all the pixels of the live image corresponding to the device. When several devices
are involved, each individual device might be located, or conversely, a global representative
location of all these devices might be sufficient, typically a barycentre location.

Furthermore, in identifying the location of the intervention device(s), a
prediction on a future location of the intervention device(s) based on current location
parameters or motion parameters may be involved. For this purpose, a trajectory of the
intervention device(s) may be analyzed and a probability map of their predicted future
locations may be built. This may allow anticipating the devices movements such that it may be

possible to predict the future location 5 of the intervention device(s). Usual temporal filtering
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methods may be used to generate such predictions.

After having identified the current location of an intervention device and,
optionally, a predicted location of the intervention device, settings of the collimator device
comprised in the live image acquisition device are adjusted based on such identified location
(step S4). When the collimator device comprises at least one of a shutter 7 and a wedge 6
device for locally reducing an X-radiation flow from the X-ray source through the patient
towards the X-ray detector, such settings of the collimator device may indicate a positioning
of the shutter 7 or wedge 6 device. In other words, by adjusting the settings of the collimator
device, continuous shuttering or wedging, i.e. repositioning of the shutter 7 or wedge 6, may
be applied so as to keep the intervention device visible within a live anatomy image to be
subsequently acquired while occluding out the field of view as much as possible.

Once, the predicted locations 5 of the intervention devices 3, 4 are known, it is
possible to optimize a compromise between tight shuttering/wedging and a probability that in
a subsequent live anatomy image the intervention devices will remain within a non-occluded,
that is non-collimated, area. For example, a safety margin may be defined around the predicted
locations 5 and the setting of the collimator device may be adjusted such that wedges 6 and
shutters 7 of the collimator device are repositioned in order to keep the non-occluded areas 8
as small as possible. At the same time, the wedges 6 and shutters 7 may be positioned such
that a risk that the intervention devices 3, 4 move out of the non-occluded areas before a next
live anatomy image is acquired is minimized. In case a probability map of predicted locations
of the intervention devices 3, 4 has been prepared, safety margins to be considered for the
shutter/wedge placement may be directly related to iso-contours of such probability maps.

In case it is detected that in a subsequent image acquisition the intervention
device moved out of the collimated, non-occluded area 8, the collimator may be completely
opened such that the intervention device may be found within the entire live image and the
shutter or wedge may then be repositioned.

After having adjusted the settings of the collimator device, the entire process
including steps (S2) to (S4) may be repeated such that a subsequent live anatomy image of a
non-occluded area 8 may be acquired with the collimator device of the live image acquisition
device being in the adjusted settings. In other words, predicted locations of the intervention
devices 3, 4 which are acquired based on a previous live anatomy image at a point in time (t-1)
may be used to accurately and efficiently place the shutters/wedges of the collimator device

for subsequent live anatomy image acquisition at a point in time (t).
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Information comprised in the live anatomy image may then be merged into the
pre-live anatomy image in order to provide an image representation 9 in which both the infor-
mation about the current position of the intervention devices 3, 4 as well as the information about
the background anatomy in the region of interest are clearly visible (step (S5)).

Merging of the two anatomy images may require complex computations which
however are generally known as so-called inverse-road mapping techniques as for example
described in PCT application number PCT/IB2010/054208. Basically, a spatio-temporal
transform linking the pre-live anatomy image(s) and the live anatomy image(s) may be
determined. Generally, such spatio-temporal transform may be acquired depending on motion
analysis of an organ comprised in the region of interest, and/or a geometry. For example, the
organ may be a patient’s heart and the motion analysis may include a breathing and cardiac
phase analysis. The geometry taken into account for generating the spatio-temporal transform
may relate to a position of the patient table, the X-ray source and/or the X-ray detector.
Likewise, the involvement of the tracking of the intervention devices in this process may be
more or less pronounced. Optionally, active tracking methods using for example
electromagnetic sensors may also be applied.

Once the spatio-temporal transform is known, it may be applied to a region
adjacent to the tracked intervention devices that are not present in the pre-live anatomy
image(s), i.e. typically those intervention devices which are maneuverer in the live anatomy
images, e.g. the wire tip 4. Thereby, a portion of the second live anatomy image in a region
adjacent to the location of the identified intervention device 4 is represented in the final image
representation. In other words, in the final image representation provided by merging the live
anatomy image and the pre-live anatomy image, a region adjacent to the location of the
identified intervention device 4 is represented mainly based on the live anatomy image. A
region further distant to the location of the identified intervention device 4 is represented
mainly based on the pre-live anatomy image. Typically, a transparency level may be
determined below which only the background anatomy from the pre-live anatomy image is
shown and above which the intervention device shown in the live anatomy image and the
anatomy background shown in the pre-live anatomy image are nicely blended together.

Alternatively, information about the identified location of the intervention
device may be used in order to visualize a model of the intervention device or any location
identifier at the corresponding position within the finally provided image representation.

While the process steps to be performed by the medical imaging device
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according to an embodiment of the present invention are described above with respect to a
first and subsequent live anatomy image only, a plurality of live anatomy images may be
acquired during the intervention procedure by continuously repeating the process steps of
identifying the location of the intervention device, adjusting the settings of the collimator
device and acquiring a subsequent live anatomy image using the adjusted collimator settings.
By merging each of the live anatomy images with the pre-live anatomy image or a selected
image out of a sequence of pre-live anatomy images, a sequence of image representations may
be provided. In such sequence, the motion of the intervention device may be clearly
represented as the intervention device is continuously tracked and the live anatomy images
focused on the tracked intervention device are then superimposed to a respective pre-live
anatomy image possibly having a higher image contrast than the live anatomy images due to
the possible use of a higher X-ray dose and/or a contrast medium.

As an option, the proposed medical imaging device may also include a device-
based automatic exposure control (AEC), indicated in Fig. 2 as (S6). The AEC may be
adapted to the proposed imaging method in accordance with embodiments of the present
invention. This means that both a total image rendering as well as an intervention device
detection and tracking process may be optimized through an appropriate control of radiation
exposures. Several possibilities can be considered. For example, obvious real-time exclusion of
collimated areas, i.e. areas shaded by wedging or shuttering, from a measuring field taken into
account by the AEC may be performed. Additionally or alternatively, a fine adaptation of the
AEC may be performed so that the total rendered scene, i.e. the background anatomy
provided by the pre-live anatomy image together with image information on the intervention
device provided by the live anatomy image, may be optimized from a visual perception point
of view. Furthermore, the AEC may be adapted in real-time so as to reach a compromise
between an optimal rendering of the resulting composite scene, i.e. background anatomy
information plus intervention device information, and a detectability of the intervention
devices. All such possible controls may be of course dynamic, i.e. continuously updated with
real-time information coming from both the pre-live and live anatomy images 1, 2 and the
intervention device tracking/prediction module.

Finally, important aspects and features of embodiments of the present invention
shall be summarized in an alternative wording. Aspects of the invention rely on two main
features:

a) On the one hand, it is proposed to track intervention devices of interest
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during a targeted intervention and to adapt a radiation limitation on an image basis to
locations or predicted locations of those intervention devices. Such adaption may be as tight
as possible, optimizing both radiation reduction and a probability of keeping the intervention
devices within a continuously adapted non-occluded field of view;

b) On the other hand, to suppress a troublesome visual impression undoubtedly
created by continuously moving shutters or wedges of a collimator device, it is proposed to
resort to a generalization of an inverse road mapping technique. Thereby, only surroundings of
the intervention devices are taken from live anatomy images and are shown over pre-live non-
tightly-shuttered background anatomy images, typically but not necessarily contrast-filled
angiogram images.

In other words, device tracking is used to determine and predict locations of
intervention devices of interest; image-level control is involved to apply dynamic tight
collimation, concentrating radiation on an intervention focal point only that is around the
tracked intervention devices; only live image data in a close vicinity of those tracked
intervention devices are retained; they are projected and superimposed to a pre-live
background anatomy image sequence which might constitute a richer background setting
because it may be acquired with more doses and potentially with contrast medium.

With the proposed technique, a live radiation toll may be optimized to the
visibility of the intervention devices only, while restoring an occluded background with pre-
live anatomy image content, possibly richer in contrast information and possibly being
acquired in diagnostic conditions.

The proposed invention may be used in a variety of X-ray intervention
applications. In particular, it may be used in complex cardiac percutaneous catheterization
procedures where a surgeon has to deal with both strong respiratory and cardiac motions.
However, it may also be applied in many less demanding applications such as vascular or
possibly neuro interventions.

Finally, it has to be noted that herein the word “comprising” does not exclude
other elements or steps and that the indefinite article “a” or “an” does not exclude a plurality.

Reference signs in the claims should not be construed as limiting the scope.
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CLAIMS:

1. A medical imaging device (19) for providing an image representation (9)
supporting positioning of an intervention device (3, 4) in a region of interest during an
intervention procedure, the medical imaging device being adapted for performing the
following steps:

(1) acquiring (S1) a pre-live anatomy image (1) including the region of
interest;

(i) acquiring (S2) a live anatomy image (2) including the region of interest
using a live image acquisition device (10) comprising an adjustable collimator device (13) with
the collimator device being in previously set settings;

(ii1) identifying (S3) a location (5) of the intervention device within the live
anatomy image;

(iv) adjusting (S4) settings of the collimator device based on the identified
location of the intervention device for subsequently acquiring a further live anatomy image
including the region of interest using the live image acquisition device with the collimator
device being in the adjusted settings;

(v) providing (S5) the image representation by merging information from the

live anatomy image into the pre-live anatomy image.

2. Device of claim 1, wherein, in step (vi), the live anatomy image and the pre-live
anatomy image are merged such that in the provided image representation a region adjacent to
the location of the identified intervention device is represented mainly based on the live
anatomy image and a region distant to the location of the identified intervention device is

represented mainly based on the pre-live anatomy image.

3. Device of claim 1 or 2, wherein steps (ii) to (v) are continuously repeated for

providing a sequential image representation.
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4. Device of claim 3, wherein in a repeated acquiring of the live anatomy image,
the settings of the collimator are adjusted such that the acquiring of the live anatomy image is
restricted to a partial non-occluded area (8) of the region of interest adjacent to the location of

the identified intervention device.

5. Device of one of claims 1 to 4, wherein the live image acquisition device
comprises an X-ray imaging device, wherein the collimator device comprises at least one of an
X-ray absorbing device (7) and an X-ray attenuating device (6) for locally reducing X-
radiation flow and wherein the settings of the collimator device relate to a positioning of the at

least one of the X-ray absorbing device (7) and an X-ray attenuating device (6).

6. Device of one of claims 1 to 5, wherein, in step (iii), the identifying a location
of the intervention device involves a prediction on a future location (5) of the intervention

device based on current location parameters and motion parameters.

7. Device of one claims 1 to 6, wherein step (v) further comprises at least one of a
spatial and a temporal transformation of at least one of the pre-live image and the live image

before the merging.

8. Device of one claims 1 to 7, wherein the pre-live image is acquired with a

higher image contrast than the live image.

9. Device of one of claims 1 to 8, wherein the pre-live image is an angiography
image.

10. Device of one of claims 1 to 9, wherein the live image is a fluoroscopy image.
11. Device of one of claims 1 to 10, wherein in step (iii) a location of the

intervention device is determined based on analyzing location information, shape information

and radiometric content comprised in the live anatomy image.
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12. A medical imaging system comprising:

a pre-live image acquisition device (10) for acquiring high-contrast images;

a live image acquisition device (10) for acquiring low-contrast images, the live image
acquisition device comprising an adjustable collimator device (13);

a medical imaging device (19) according to any of claims 1 to 11; and

a display device (20) for displaying the image representation (9) provided by the medical

imaging device.

13. A medical imaging method for providing an image representation (9)
supporting positioning of an intervention device (3, 4) in a region of interest during an
intervention procedure, the medical imaging method including the following steps:

(1) acquiring (S1) a pre-live anatomy image (1) representing the region of
interest;

(i) acquiring (S2) a live anatomy image (2) representing the region of interest
using a live image acquisition device (10) comprising an adjustable collimator device;

(ii1) identifying (S3) a location (5) of the intervention device within the live
image with the collimator device being in previously set settings;

(iv) adjusting (S4) settings of the collimator device based on the identified
location of the intervention device for subsequently acquiring a further live anatomy image
representing the region of interest using the live image acquisition device with the collimator
device being in the adjusted settings;

(v) providing (S5) the image representation by merging information from the

live anatomy image into the pre-live anatomy image.

14. Computer program adapted for, when executed on a computing device,

performing the method of claim 13.

15. Computer readable medium comprising stored thereon the computer program

of claim 14.
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