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Method of positioning an interventional device.

@ A method of providing by a diagnostic medical imaging device, medical image data representing a diagnostic
medical image of the tissue of the patient. The method comprises segmenting, using an image segmentation
criterion, in the diagnostic medical image data a diseased area image data representing a diseased area of the
tissue, defining, in the segmented image data of the diagnostic medical image data, at least one treatment
location, identifying, in the diagnostic medial image data, a treatment surface of the tissue, positioning the
interventional device to face the treatment surface, determining a normal to a local tangent plane of the treatment
surface of the tissue, the local tangent plane facing the treatment location, imaging, by an interventional medical
imaging device, at least a part of the interventional device and the treatment location from a first direction
perpendicular to the normal to obtain first interventional image data, verifying, using the first interventional image
data, a position of the interventional device in a direction of the normal and in a second direction perpendicular to
the normal and perpendicular to the first direction, imaging, by the interventional medical imaging system, at least
a part of the interventional device and the treatment location from a third direction having a component in the first
direction to obtain a second interventional image data, and verifying, using the second interventional image data, a
position of the interventional device in the first direction.

Deze publicatie komt overeen met de oorspronkelijk ingediende stukken.
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Title: Method of positioning an interventional device

The invention relates to a method and software program of positioning an
interventional device at a treatment location in a tissue of a patient.

Medical diagnostic and imaging systems are standard equipment in modern
healthcare facilities. Such systems provide invaluable tools for identifying, diagnosing and
treating physical conditions and greatly reduce the need for surgical diagnostic intervention.
In many instances, final diagnosis and treatment proceed only after an attending physician
or radiologist has complemented conventional examinations with detailed images of relevant
areas and tissues via one or more imaging modalities. Currently a number of techniques
exist for medical diagnostic imaging systems. These include magnetic resonance imaging
(MRI), computed tomography (CT), X-ray, positron emission tomography (PET), ultrasound
and nuclear medicine systems. Other techniques rely on medical signal acquisition. Medical
signal acquisition measures electrical phenomena in E.G. heart muscle cells (ECG) or brain
cells (EEG). In many instances these techniques complement one another and offer the
physician a range of techniques for diagnosing particular types of tissue, organs or
physiological systems. Health care institutions often have several such acquisition systems
at their disposal, permitting physicians to use the resources as required for specific patient
needs. Medical diagnostic systems typically include circuitry for acquiring data and for
transforming the data into a useable form which is then processed to create a reconstructed
image of features of interest within the patient. The particular components of the systems
and the related circuitry however differ greatly between the techniques due to the different
physics and data processing requirements. In the current clinical practice diagnostic imaging
is performed to assess the patient’'s disease and the patient’s prognosis in order to
determine the therapy that needs to be performed. For internal organs like the heart and the
blood vessels or the stomach and the intestines the diagnosis and determination of the
optimal therapy can be done using medical imaging or medical signal acquisition or via an
interventional procedure. Hereby an interventional device (e.g. catheter or endoscope) is
inserted into the patient’s body and into the organ via a natural body orifice or a small
incision to acquire measurements (images, signals, or a tissue specimen) of the local tissue
to assess the location and the severity of the disease. With respect to medical imaging, the
disease assessment by an interventional procedure may have a different spatial resolution
since measurements are performed in only a limited number of locations. An advantage of
the use of interventional procedures for diagnosis is that the interventional device can also

be used to perform a diagnosis and an intervention, sometimes even during the same
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procedure. An extension of medical imaging to assess the location and the severity of the
disease is the use of Computer Aided Diagnosis (CAD). Hereby the physician is supported
by a computer algorithm to assess the presence, severity and the location of the disease.
CAD can be performed on both medical images and signals. Another option to determine
the optimal therapy is the use of physiological/pathological simulations of the organ to be
treated. A simulation model may be based on physiology, medical imaging or medical
signals of a patient population or of an individual patient or of a physiology or a pathology.
The outcomes of different therapies can be simulated in order to determine the location with
the best therapeutic outcomes. The treatment of diseases is done via surgical or minimally
invasive techniques. Via these routes therapies like injections, local heating or implantation
of stimulation devices can be delivered. During the interventions the surgeon or
interventional physician decides upon the characteristics of the therapy (location, type, depth
and/or dose) based on visual information of the organ surface (obtained through surgical
procedure or biopsy) or images obtained from interventional imaging equipment (minimally
invasive). The quantity of the therapy or dose in this respect refers to e.g. the amount of
cells with stem cell injections or the amount of energy used for the ablation. The surgeon or
the physician uses the information obtained from diagnostic imaging or data acquisition for
decision making during therapy.

For the treatment of diseases (pathologies) that have a local focus it is important that
treatment is applied at the exact correct three dimensional location with the exact correct
quantity. E.G. regenerative therapy, cardiac ablations, or cardiac device implantations need
to be targeted to the exact position to obtain the optimal therapeutic results. Evenly
important is the determination of the area where the therapy should not be applied to. E.G.
the area in which the therapy can be harmful since the tissue is too thin and can easily be
perforated, or no benefit or even damage is expected based on the anatomical and
pathological tissue characteristics. Moreover, to gain the most insight from (pre-) clinical
research it is necessary that therapies are standardized as much as possible and targeted in
a reproducible fashion to the same location in every subject. The low spatial resolution of the
interventional imaging techniques however limits the accuracy to deliver the therapy to the
optimal location and makes it impossible to standardize the therapy. Diagnostic medical
images or signals allow determination of the optimal location with a high accuracy, but in
most cases lack the possibility to visualize the interventional tools. Exceptions are
interventional MRI or intravascular ultrasound wherein interventional tools can be visualized
in real-time during the scanning procedure. These techniques however have limited
applications. When an intervention is to be performed, the interventional device is to be
positioned so as to aim at a treatment or delivery site in a body of a patient. In order to

position the interventional device, an interventional imaging system may be applied to image



10

15

20

25

30

35

-3-

the interventional device and a relevant part of the body of the patient. As an interventional
imaging system commonly provides a two dimensional image, an iterative imaging and
position adjustment technique is commonly applied, whereby the interventional imaging
system provides images from various incident angles, while 3 dimensional position
adjustments of the interventional device may be performed in between the subsequent
imaging procedures. As multiple interventional images are usually taken, the load (e.g. an X-
ray radiation load) for the patient may be relatively high.

A first aspect of the invention intends to provide an accurate positioning of the

interventional device while allowing to keep a number of interventional images low.

According to a first aspect of the invention, there is provided a method of positioning

an interventional device at a treatment location in a tissue of a patient, the method
comprising:

- receiving from a diagnostic medical imaging device, diagnostic medical image
data representing a diagnostic medical image of the tissue of the patient;

- segmenting, using an image segmentation criterion, in the diagnostic medical
image data a diseased area image data representing a diseased area of the
tissue;

- defining, in the segmented diagnostic medical image data, a treatment
surface of the tissue;

- projecting the diseased area, represented by the diseased area image data,
onto the treatment surface;

- defining a treatment location on the treatment surface, the treatment location
being in, out or at a boundary of the diseased area projected onto the treatment
surface;

- registering data representing the treatment surface and the treatment location
at an interventional imaging device;

- positioning the interventional device to face the treatment surface;

- determining a first direction perpendicular to a normal to a local tangent plane
of the treatment surface of the tissue, the local tangent plane being located at the
treatment location on the treatment surface;

- imaging, by the interventional medical imaging device, the tissue at the
treatment location and at least a neighbouring part of the interventional device
from the first direction to obtain first interventional image data;

- enhancing, using the first interventional image data, a position of the
interventional device in a direction of the normal and in a second direction

perpendicular to the normal and perpendicular to the first direction.
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Accordingly, first, a medical image is taken by a diagnostic medical imaging device.
The diagnostic medical imaging device may be a CT, MRI, SPECT, PET, Ultrasound or any
other medical imaging device. The medical image may be a two dimensional image, a
sequence of 2 dimensional images, each spaced apart in a third dimension perpendicular to
the 2 dimensions of the images, so as to provide 3 dimensional information, ora 3
dimensional image. Also, a 2 or 3 dimensional image may have been taken as described
above, at different time instances, whereby the images are combined into a 4 dimensional
(3D + time) image. The image may be an image of any suitable tissue of the patient, e.g.
any suitable organ, such as a heart, lung, liver, etc or a tumor.

In the image, the tissue of the organ of interest is segmented so that at least one of
the segmentation borders forms a continuous surface where the therapy can be applied to.
This is hereafter referred to as the treatment surface. The treatment surface may form a
factual surface of the organ (a surface where therapy may be applied, such as an internal
surface or external surface of the organ), or may form a surface within the tissue itself. This
organ segmentation can be done automatically when a clear image contrast exist between
the tissue of the image and the surrounding tissue. Alternatively manual correction of the
organ segmentation is done, or the organ segmentation is done completely manually. The
medical image in combination with the organ segmentation is used as an input for a
quantification algorithm to determine tissue regions with a particular degree of a pathology
or another tissue or organ characteristic. The quantification determines the local degree of
the affected and applicable tissue characteristic in the organ of interest.

Methods to quantify local tissue characteristics and use it as an input for automated
calculation of therapy locations can be subdivided into methods based on differences that
are perceptible on the tissue level, or differences that are perceptible on the organ level or

can be based on external parameters.

Tissue level
Image techniques that provide a local difference on the tissue level are amongst others

and not limited to:

1. fibrosis imaging via contrast enhancement or via mapping of relaxation parameters
by MRI mapping techniques

2. perfusion imaging via contrast hyper enhancement of well perfused tissue and lower
enhancement of tissue with a low perfusion

3. deformation imaging via the analysis of motion datasets wherein the displacement of

the tissue is mapped and used to calculate tissue deformation



10

15

20

25

30

-5-

4. timing maps composed through an analysis of time dependent processes like

deformation or electrical activation

5. wall thickness via the measurement of the local tissue thickness

6. stiffness via the propagation velocity of a pressure wave in the tissue
7. calcium imaging to visualize the calcification of blood vessels

Organ level

Image techniques that provide a local difference on the organ level are amongst others
and not limited to:
1. local organ shape/curvature via the measurement of the local geometry of the organ
2. local wall stress via the analysis of internal tissue or organ pressure in combination
with the normal local tissue thickness and local organ shape
3. local reachability by the interventional device via the analysis of the organs geometry

in combination with the technical specification of the interventional device

External
External inputs for the calculation of the optimal therapy location are amongst others

and not limited to:

1. The distance to other organs that are sensitive for interaction/interference with the
planned therapy

2. Expert input that is either or not taken from a knowledge database and can be used
to include or exclude certain locations for treatment

3. Input from a (e.g. patient specific) simulation model to predict the relation of the

treatment to the outcome

All characteristics on the organ and tissue level and input from external sources may

serve as an input for treatment planning.

The result of the organ segmentation process is a two or three dimensional spatial
object representing at least the treatment surface of the organ of interest. The anatomy,
pathology or other tissue or organ characteristic that is used for treatment planning is
processed using a specific technique for each parameter. Techniques used are the
automatic or manual segmentation of the organ and specific areas within the organ, or result
from the analysis of specific characteristics within the segmented organ or the unsegmented
medical image. The resulting disease presence or severity is reconstructed into a two or
three dimensional spatial object. Both the treatment surface and the diseased area are now

positioned with respect to each other in an anatomical correct orientation, and the disease
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presence or severity is projected onto the treatment surface using a radial projection

technique.

The radial projection algorithm divides the organ (e.g. in this case the left ventricle of the
heart) into an finite number of equally spaced segments that are oriented perpendicular to
the treatment surface at the intersection point of the treatment surface and the projection
line. The intersection points are located at the vertices of the treatment surface mesh. To
project the parameter of interest on top of the endocardial treatment surface three types of
projections can occur:

1) Projection of the presence or absence of the disease.

- A binary 1 is projected onto the treatment surface when the diseased area is
crossed by a projection line. (E.G. fibrosis imaging)

2) Projection of pixel intensities for parameters that are specified on the pixel level.

- In cases wherein the diseased area is a map of local tissue characteristics
determined on a per pixel basis, the average value will be calculated for each
projection line and the average value will be projected onto the treatment
surface. (E.G. perfusion imaging, deformation imaging, timing maps, stiffness
maps, wall stress, expert input, simulation input)

3) Projection of characteristics that are specified by the radial projection lines.

- The radial projection lines may be used to asses tissue parameters of E.G.
ventricular shape, wall thickness or, reachability by the devices. The crossing of
the radial projection line with the treatment surface can be used to project
aspects of the treatment surface (shape, reachability). When also the crossing of
the radial projection line with other (organ or tissue) segmentations is taken into
account, the local tissue thickness can be assessed and projected.

4) Projection of external organs

- When the distance to external organs is an important factor to determine the
most eligible treatment location (e,g, in case of a nerve), the 3D location of the
external organ of interest must be determined in patient coordinates. Hereafter
the nearest distance from the external organ to each vertex of the treatment

surface is projected on the treatment surface and used for treatment planning.

When the parameters of interest are projected onto the treatment surface, an
interpolation algorithm is applied to homogenously distribute the parameters on the
treatment surface. Next, the user applies the treatment planning algorithm by applying the

threshold of the different parameters individually, ranging from 100% healthy to 100%
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diseased tissue, so that the area which is most eligible for the therapy is identified. This is
referred to as the treatment area. For procedures where optimal visualization and catheter
navigation is required, the user can be asked to select locations in the treatment area that
are most easily accessible by the catheter. This may also be performed automatically. A
treatment may be performed on the treatment surface or behind it, e.g. at an injection depth
behind the treatment surface, the point of treatment being projected onto the treatment
surface to form the treatment location at the treatment surface. To enhance the navigation
accuracy, a single treatment location or a selection of treatment locations, may be stored in
a treatment file so that no misinterpretation of different treatment locations can occur during
the intervention.

E.g. depending on a type of treatment, the treatment location may be in the diseased area,
at a border of the diseased area or outside the diseased area. For example, when applying
stem cell injections in cardiac regeneration therapy, the stem cell injections are best
performed in a mildly diseased area, which may e.g. be located at a border of the diseased
area, as a regeneration process may provide a higher chance of success in such mildly
diseased tissue. As another example, in cardiac regeneration therapy, a pacemaker
electrode may be installed at tissue that is free from an infarct and that is responding to

contraction stimuli, while being proximate to the diseased area.

When a treatment location has been selected, the treatment location and the treatment
surface (or at least a part of the treatment surface surrounding the treatment location) are
registered at the interventional medical imaging device. For example, the treatment file
comprising data representative of the treatment location and the treatment surface may be
registered at the interventional medical imaging device. By the registration, the interventional
medical imaging device provides for scaling, orientation etc. of the treatment surface and
treatment location to match a coordinate system of the interventional medical imaging
device. Then, the interventional device is positioned so as to face the treatment surface at
the treatment location, i.e. is positioned to directly interact with the treatment surface. For
example, in the case of stem cell injections, an injection needle of the interventional device
is positioned facing the selected treatment location at the treatment surface. The treatment
surface may for example be formed by a surface of an organ, such as an outside surface of
an organ, an inner surface of a blood vessel or an inner surface of a cardiac chamber (also
referred to as endocardial surface). The treatment surface may be curved. A normal to a
local tangent plane of the treatment surface of the tissue is determined, the local tangent
plane facing the treatment location. The normal thus forms a direction perpendicular to the
treatment surface at the treatment location. The treatment location may be on the treatment

surface or in the tissue delimited by the treatment surface.
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During the intervention, an interventional medical imaging device is used to provide
medical imaging. The interventional medical imaging device may be of a same type as the
diagnostic imaging device. Commonly, a different type of imaging is used. For example, the
interventional medical imaging device may be an X-ray imaging device. Such a medical
imaging device provides a 2 or 3 dimensional medical image. A position of the interventional
device is however to be verified in 3 dimensions as well as possibly in angular orientations.
The interventional medical imaging device is used to image at least a part of the
interventional device (preferably a part of the interventional device that faces the treatment
surface , i.e. a part of the interventional device neighbouring to the treatment surface) and
the treatment location, so as to image a positioning of the interventional medical imaging
device. According to an aspect of the invention, the imaging takes place from a first direction
perpendicular to the normal (i.e. the normal that is perpendicular to the tangent plane at the
treatment surface) to obtain first interventional image data.

Using the first interventional image data, a position of the interventional device is
verified in two directions, namely in a direction of the normal and in a second direction
perpendicular to the normal and perpendicular to the first direction. If required, the position
of the interventional device may be corrected in the direction of the normal and/or in the
second direction. Thus, verification and, if necessary, correction of the position of the
interventional device may be performed at e.g. a low dose of radiation for the patient and/or
for the person performing the intervention, as less iterations may be required, i.e. a lower

number of interventional images may need to be taken.

An accurate positioning of the interventional device may provide an accurate position
of application of the therapy. For example, when applying an electrode for cardiac
resynchronisation therapy, an accurate positioning of the electrode may be crucial to a
success of the therapy, as an accurate positioning of the electrode may provide an accurate
stimulation of the tissue as desired. As another example, in case of stem cell injection

therapy, the stem cells may be accurately injected at a desired position.

In an embodiment, -the method further comprises imaging, by the interventional
medical imaging device, the treatment location and at least the neighbouring part of the
interventional device from a third direction having a component in the first direction to obtain
a second interventional image data, and enhancing, using the second interventional image
data, a position of the interventional device in the first direction. Thus, a second image from
another angle is taken, the other angle providing an image from the third direction. The third

direction has a component in the first direction to enable to verify, using the second



10

15

20

25

30

35

-9-

interventional image data, a position of the interventional device in the first direction. If
required, the position of the interventional device may be corrected in the first direction. As a
result, the position of the interventional device may be verified and/or adjusted from a low
number of interventional images, which on the one hand may allow to reduce the number of
interventional images taken during intervention (hence reduce a load of e.g. radiation to
which the patient is subjected) and on the other hand increase a positioning accuracy, as
the positioning is verified per dimension separately: A fine adjustment of the position of the
interventional device in one direction may hence be prevented from disturbing a positioning

accuracy of the interventional device in another direction.

When for example a C-arm X-ray device is used as an interventional imaging device
the system is able to calculate the optimal angles of the C-arm to visualize the treatment
location. Both the location of the selected vertex on the treatment surface, and the treatment
surface in patient coordinates are used to calculate the angles of the C-arm for visualization
of the treatment location in conjunction with the organ (e.g. the heart) so that accurate
navigation of the interventional device may be ascertained. The calculation may be based
on the normal to the treatment surface at the location of the selected vertex. The surface
normal may be calculated from the mean inner-product of the faces which the vertex is
connected to. Subsequently, the direction perpendicular to the resulting mean surface
normal in the original image plane in patient coordinates is calculated. The direction of the
last vector with respect to the operation table provides input to calculate the interventional
device imaging angles that provide a perpendicular view at the treatment location. A second
angle to display a slight off-angle view to confirm the position is calculated by an offset (15-
90 degrees) from the perpendicular view. The angle of 15 — 90 degrees may be understood
to be in any direction, e.g. forming a positive or a negative angle. A smaller angle towards
15 degrees will allow taking the second image with a short time between the images, while a
larger angle may provide for a second image with a larger component in the first direction,
hence may allow a more accurate positioning. The second angle may be obtained quickly
and conveniently by rotating the interventional medical imaging device about a main axis of
rotation. The main axis of rotation may be formed by an axis of rotation of a C-shaped arm
having a radiation source on one end and an imaging sensor on the other end, about (i.e.

around) an axis extending from head to feed of the patient.

Alternatively, the interventional imaging device may be a so called bi-plane imaging
device that takes images from dual directions, for example dual perpendicular directions. As
another example, the interventional imaging device may be an interventional MRI system.

The bi-plane imaging device may for example comprise two radiation sources and two
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detectors, a first radiation source and cooperating first detector forming an imaging direction
at an angle relative to a second radiation source and cooperating second detector In such a
bi-plane imaging device, the image from the first direction may be formed by a first image
plane of the bi-plane imaging device, and the image in the third direction may be formed by
a second image plane of the bi-plane imaging device, so that no additional rotation of the
interventional imaging device may be required between the taking of the images from these

two directions.

Thus, during the surgical or interventional procedure using e.g. standard
interventional imaging equipment that is available during the surgery or intervention,
treatment planning data obtained from diagnostic imaging and data processing
(segmentation, etc.),may be applied in order to direct the interventional procedure by
positioning the interventional device and positioning the interventional imaging device so as
to take interventional images from angles as determined from the processed diagnostic data
(i.e. the segmentation, treatment surface and treatment location). Hereby the surgeon or
interventional physician may not need to rely solely on the superficial information of the
organ obtained via eyesight or superficial measurements, but the information of the deeper
tissue layers is also incorporated during the targeting of the therapy. With these techniques
therapies may be targeted to the defined pathological locations, at a defined depth, and with
a reproducible dose in all subjects and subjective operator depended decisions may be
omitted.

The enhancing the positioning of the interventional device may be performed in
various ways: for example, the enhancing may comprise a displaying of information that
allows a person performing or supervising the intervention to verify the position of the
interventional device and if necessary, adjust the position thereof. As another example, the
enhancing may comprise transmission of instructions to the interventional device for (semi)
automatic positioning.

Accordingly, in an embodiment, the enhancing, using the first interventional image
data, the position of the interventional device in the direction of the normal and in the
second direction perpendicular to the normal and perpendicular to the first direction,
comprises fusing a display of the treatment point and the first interventional image data. The
interventional image may be a two dimensional image. The fusing may allow to display the
treatment location (and possibly also a view of the treatment surface) in combination with
the interventional image, so that the position of the interventional device relative to the
treatment location can reliably be distinguished.

In an embodiment, the enhancing, using the first interventional image data, the

position of the interventional device in the direction of the normal and in the second direction
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perpendicular to the normal and perpendicular to the first direction, comprises sending
instructions to the interventional device to adjust a position of the interventional device.
Although the above describes the enhancing (by means of displaying a fused image and or
sending of instructions) in the context of the first interventional image data, it will be
understood that the same applies to the second interventional image data.

In an embodiment, a radiation load onto the body of the patient is optimized (e.g.
minimized) using an absorption model, in that the method further comprises:
providing an absorption model expressing a load by the interventional imaging device onto
the body of the patient;
calculating, using the absorption model, a load by the interventional imaging device onto the
body of the patient as a function of a direction of imaging of the interventional imaging
device; and
adjusting at least one of the first direction and third direction based on the calculated load.
The higher an absorption of radiation (such as X-ray radiation) by the body of the patient,
the higher an output power of the interventional medical imaging device will be set, hence
the higher a radiation load on the body of the patient. The absorption may be calculated, for
different directions of imaging, using the model, e.g. stepwise incrementing/decrementing
the direction in the calculation. A direction at which absorption is low may be selected. The
first and/or third direction may hence be adjusted based on the calculated load and the
direction at which an optimum (e.g. low or lowest) absorption has been found according to
the model, prior to imaging from the respective direction by the interventional imaging
device. Hence, the imaging by the interventional imaging device may be performed at a
reduced load to the patient.

In an embodiment according to any aspect of the invention, the method comprises:

- selecting, in the diagnostic medical imaging data, a cross sectional plane defined by the
normal to the local tangent plane of the treatment surface and the second direction; and

- displaying a resulting diagnostic medical image of the cross sectional plane with a display
of the interventional medical imaging data.

When angle calculation has been performed and interventional medical imaging
device angles have been calculated, this can serve as an input to create a cross-sectional
view of the treatment dataset and/or the diagnostic imaging dataset from the same viewpoint
as the interventional image. To provide this a 3D reconstruction may be created of the
treatment file, from which a cross-sectional plane may be selected so that the surface
normal of the local tangent plane to the treatment surface at the treatment location lies in the
image plane. The resulting treatment data and/or diagnostic imaging data) may be
represented from the viewpoint of the C-arm (the interventional imaging device) and may be

displayed on a second screen during the intervention to support the user by visualizing the
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diagnostic medical imaging (MRI, CT, Ultrasound) data with its superior soft tissue contrast
from the perspective of the C-arm. Alternatively, the images may be fused into a single
image to display the treatment data and/or diagnostic medical imaging data, e.g. the
treatment site and/or the segmentation in the interventional image.

In an embodiment according to any aspect of the invention, the method according to
the invention comprises:

- recognizing, in the diagnostic medical imaging data, an organ other than the tissue at
which the treatment surface is defined,

- calculating, for each point in the segmented medical image data, a distance from the organ
to the point in the segmented medical image data, and

- wherein the defining the treatment location comprises taking account of the calculated
distance from the organ to the point in the segmented medical image data.

Furthermore, so called no-go area’s may be defined, being area’s on the treatment
surface in which no treatment is to be performed, i.e. where no treatment locations are
desired, for any reason, e.g. because of a severity of the disease in that area, because of a
presence of a risk factor, or for any other reason.

When the distance to external organs (e.g. in case of a nerve) is a factor to
determine the most eligible treatment location, a 3D location of the external organ of interest
may be determined in patient coordinates. Hereafter a nearest distance from the external
organ to each vertex of the treatment surface may be projected on the treatment surface
and used for treatment planning. For example, taking account of the calculated distance
may comprise maintaining a predetermined minimum distance between the organ and the
treatment location so as to keep a safe distance.

Likewise, a “no-go” area may be defined in e.g. the segmented medical imaging data
or on the treatment surface, so as to defined an area where no treatment is desired. Thus,
safety may be increased as an area’s where no treatment is desired, may e.g. be identified

by a user.

The present embodiment may, but not necessarily needs to be combined with the
method according to the first aspect of the invention. The present embodiment may also be
applied as such. Accordingly, according to a second aspect of the invention, there is
provided:

A method of defining a treatment location in an image of tissue of a patient, the
method comprising:

- providing by a diagnostic medical imaging device, medical image data

representing a diagnostic medical image of the tissue of the patient;
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segmenting, using an image segmentation criterion, in the diagnostic medical
image data a diseased area image data representing a diseased area of the
tissue;
- defining, in the segmented image data of the diagnostic medical image data,

a treatment location;

wherein the method further comprises:

- recognizing, in the diagnostic medical imaging data, an organ other than the
tissue at which the treatment surface is defined,

- calculating, for each point in the segmented medical image data, a distance
from the organ to the point in the segmented medical image data and

- wherein the defining the treatment location comprises taking account of the
calculated distance from the organ to the point in the segmented medical image
data.

In an embodiment according to any aspect of the invention, the method further
comprises copying the treatment location from the diagnostic medical image data to the
interventional medical image data, and highlighting, in the interventional medical image data

as obtained by the interventional imaging device, the copied treatment location.

The treatment location(s) may be saved in a treatment file e.g. in a Digital Imaging
and Communications in Medicine (DICOM) format or a Neuroimaging Informatics
Technology Initiative (NIfTI) format or other medical imaging format, that may be compatible
with the interventional imaging system. Hereafter referred to as the treatment file. DICOM
files typically contain a header section with macro information about the patient and study.
Besides the macro information the DICOM files contain a section with the image information

(typically with 16 bits/pixel).

The created treatment file has the same header information as the image file used
for the segmentation and the treatment planning algorithm. To uniquely identify the
treatment file, a tag may be added in the header stating that it is a file created for treatment
planning purposes. Moreover the treatment file of a specific treatment location may be

stored in a folder with a name that contains a reference to the treatment location.

The position of a treatment location may be derived from the treatment area
determined by the treatment planning algorithm and the user or automatic selection of a

location that is most appropriate for treatment. The aforementioned steps lead to a location
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with X, Y, Z values that specify a vertex on the 3D treatment surface. The vertex location is
transferred to the 2D image plane or the 3D image dataset, and in the image plane or the
dataset the location of the nearest pixel to the vertex location is selected. To change the
pixel data in the medical image, the concerning image is opened by a binary read command.
Of the information available first the location of the start bit of the image needs to be
specified, e.g. as a hexadecimal value in a 16 bit image. When the start bit is determined,
the data is read from the start bit to the end bit so that 16 bits represent a single pixel.
Subsequently the location of the pixel that needs to be modified is selected based on its
index number. The index number is calculated from the position in the 2D image or 3D
image dataset by concatenating all columns. User input may be required to specify the
amount and/or the brightness of the pixels that are modified to visualize the treatment
location in the treatment file. The treatment file is stored in the medical imaging format from

which it is created with an added tag that indicates the stored image to be a treatment file.

The present embodiment may, but not necessarily needs to be combined with the
method according to the first aspect, and/or second aspect of the invention. The present
embodiment may also be applied as such. Accordingly, according to a third aspect of the
invention, there is provided:

A method of identifying a treatment location in interventional medical image data
provided by an interventional medical imaging device, the method comprising:

- providing, by a diagnostic medical imaging device, medical image data

representing a diagnostic medical image of the tissue of the patient;

- segmenting, using an image segmentation criterion, in the diagnostic medical
image data a diseased area image data representing a diseased area of the
tissue;

- defining, in the segmented image data of the diagnostic medical image data,
a treatment location;

- copying the treatment location from the diagnostic medical image data to the
interventional medical image data, e.g. at its respective 3D location, and
highlighting, in the interventional medical image data as obtained by the

interventional imaging device, the copied treatment location.

The copying the treatment location from the diagnostic medical image data to the
interventional medical image data may be performed in many ways. For example, a
treatment file is created from the diagnostic medical imaging file and the treatment location
is highlighted in the treatment file. Then, the treatment file is registered at the interventional

medical imaging device, i.e. with the interventional medical imaging data. In this way, the
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ability of imaging systems to register a previously obtained image, e.g. for simultaneous
display, is made use of, so as to enable to combine the diagnostic and interventional image
data using existing software routines. Many alternatives are possible. For example, the
coordinates of the treatment location may be transferred from the treatment file to the
interventional medical imaging data.

In an embodiment according to any aspect of the invention, the method comprises:
- providing a geometric outline model of the interventional device;

- determining in the diagnostic medical image data, an available space facing the treatment
surface, - modelling, at the treatment location in the diagnostic medical image data, the
geometric outline model of the interventional device in the available space, and - confirming
the treatment location if the geometric outline model of the interventional device fits in the
available space at the treatment location. Furthermore, based on the determined available
space, the optimal interventional device for a specific treatment location may be selected
from a plurality of available (and e.g. differently sized) interventional devices.

Thus, before bringing the interventional device to the treatment location, it is
calculated if the interventional device would fit. For example, in a cardiac chamber, some
area’s may be better accessible than others. For each treatment location as identified
above, the model of the interventional device may be placed in the available space, and if
the model of the interventional device fits in the available space when facing a respective
one of the treatment locations, the respective treatment location may be confirmed.
Otherwise, either another treatment location may be selected or a smaller or larger
interventional device (such as a smaller probe or stimulation wire) may be applied instead.

The invention may be implemented in a form of a data processing device, such as a
computer, that receives diagnostic medical image data from the diagnostic medical imaging
device, and provides instructions for the intervention. The instructions may be angular data
providing an imaging angle for the interventional medical imaging device and position data
providing a desired position of the interventional device so as to face the treatment location.

Accordingly, according to an aspect of the invention, a data processing device is
provided for connection to a diagnostic medical imaging device and a an interventional
medical imaging device, the data processing device being provided with program
instructions for making the data processing device perform the steps of:

- receiving, from the diagnostic medical imaging device, diagnostic medical

image data representing a diagnostic medical image of the tissue of a patient;

- segmenting, using an image segmentation criterion, in the diagnostic medical

image data a diseased area image data representing a diseased area of the

tissue ;
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identifying, in the segmented diagnostic medical image data, a treatment
surface of the tissue;

- projecting the treatment location diseased area, represented by the diseased
area image data, onto the treatment surface;

- defining a treatment location on the treatment surface;

- registering data representative of the treatment surface and the treatment
location at an interventional imaging device;

- positioning the interventional device to face the treatment surface;

- determining a first direction perpendicular to a normal to a local tangent plane
of the treatment surface of the tissue, the local tangent plane being located at the
treatment location on the treatment surface;

- providing instructions to the interventional medical imaging device for imaging,

by the interventional medical imaging device, at least a part of the interventional

device and the treatment location from the first direction to obtain first
interventional image data so as to enable enhancing, using the first interventional
image data, a position of the interventional device in a direction of the normal and
in a second direction perpendicular to the normal and perpendicular to the first

direction.

According to a further aspect of the invention, there is provided a software program
product comprising program instructions configured to, when loaded into a data processing
device, make the data processing device perform the steps as described above. With the
data processing device and the software program product, the same or similar effects may
be achieved as described with reference to the method according to the invention. Also, the
same or similar embodiments as described with reference to the method according to the

invention may apply.

Further advantages, features and effects of the invention will follow from the
appended drawing and corresponding description, disclosing a non-limiting embodiment,
wherein:

- Figure 1 depicts a diagnostic medical imaging device;

- Figures 2A and 2B depict an example of a visualisation of diagnostic medical image data
showing an endocardial chamber;

- Figure 3A and 3B depict view of a highly schematic representation of an interventional

medical imaging device; and



10

15

20

25

30

35

-17 -

- Figure 4 depicts a highly schematic representation of a visualisation of interventional

medical image data.

Figure 1 depicts an example of a diagnostic medical imaging device DMID, in the
present example an MRI (magnetic resonance imaging) device. A patient PT, or part of a
body of a patient, lying on a patient table PT, is imaged, resulting in medical imaging data
from the diagnostic medical imaging device, hereinafter referred to as diagnostic medical
image data DMI. The MRI device comprises a radio frequency coil RFC, gradient coils GRC,
a magnet MG. and a scanner SCN. The diagnostic medical image data may be 2
dimensional, 3 dimensional or 3 dimensional plus time (referred to as 4 dimensional). Figure
2A depicts an example of a (visualized) diagnostic medical image data. The diagnostic
medical imaging data may be any data format. An organ or part thereof is identified in the
diagnostic medical imaging data. Figure 2A depicts an example where a cardiac chamber is
identified. A surface mesh is fitted to a surface of the organ, as depicted in Figure 2A,
providing a treatment surface TS. In the present example, an endocardial surface of the
heart. is depicted. The diagnostic medical imaging data relating to the organ is segmented,
using any of the described segmentation techniques, so as to identify an area that is
potentially diseased. Figure 2B depicts a visualized segmented diagnostic medical image
data comprises a segmented part SEG of the tissue.A treatment location TL is selected in
the segmented diagnostic medical imaging data, for example in a zone of the segmented
part of the tissue having a predetermined disease severity. The treatment surface TS is
identified, in the present example as an inner surface of the organ. In other examples, the
treatment surface may be an outer surface, for example an epicardial surface. The
treatment location TL is projected on the treatment surface. A surface normal NRM is
determined by selecting a vertex VER on the treatment surface that is closest to a location
on the treatment surface where the treatment location is projected onto the treatment
surface. The diagnostic medial image data is registered at an interventional medical imaging
system so as to provide that the diagnostic medial image data may be registered and viewed
with interventional medical image data as provided during an intervention. The registering
may comprise scaling and matching coordinate systems so as to fit the diagnostic image
onto an interventional coordinate system applied during the intervention. Scaling of the
image is provided so as to display the diagnostic image with the interventional image and to
match diagnostic medical imaging and interventional medical imaging coordinate systems for
corresponding image orientation. Figure 3A and 3B provide a schematic representation of
the treatment surface TS (being the endocardial chamber) as depicted in Figure 2B, wherein
the organ has been tilted 90 degrees (the person being in a horizontal position). The

treatment location TL as depicted in Figure 2B hence corresponds to the treatment location
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at the origin of the surface normal NRMas depicted in Figure 3A and 3B. In the diagnostic
medical image, a tangent plane TAN of the treatment surface is determined (as
schematically depicted in Figure 3A) at the projected location of the treatment location. The
surface normal NRM, i.e. a direction perpendicular (normal) to the tangent plane, is
depicted. Figure 3A and 3B depict an interventional medical imaging device IMID, in the
present example an X ray device. As the diagnostic medical imaging data, e.g. the treatment
location, the treatment location as projected onto the treatment surface and the surface
normal, are registered at the interventional medical imaging device, the diagnostic medical
imaging data, including e.g. the treatment location, may be depicted in the interventional
medical images. A catheter or other interventional device ID may be inserted in the body so
as to reach the organ. In the present example a catheter reaches the cardiac chamber via a
blood vessel. In order to verify a position of the catheter, an image is taken by the
interventional medical imaging device. A direction for taking the image is calculated as being
perpendicular to the normal NRM. The interventional imaging device is rotated according to
that direction. Thereto, angular data providing information about a desired angle of imaging
may be provided to the interventional medical imaging device. Then, the image is taken from
a first direction perpendicular to the normal. A resulting image is schematically depicted in
Figure 4.The image depicts an image plane in a direction of the normal and a second
direction SD perpendicular to the normal and to the first direction FD. A position of the
interventional device ID in the direction of the normal and the second direction may be
verified and if needed, adjusted, after which the taking of the interventional image may be
repeated to verify the adjusted position if desired.

In order to adjust the position of the interventional device in a direction perpendicular to the
plane of the drawing, the interventional medical imaging device may be displaced, e.g.
rotated, so as to image from a third direction. The third direction may be achieved by a
rotation of the interventional imaging device about an axis of rotation thereof, e.g. a main
axis of rotation as defined by the C shaped holder of the interventional medical imaging
device. The rotation may be at or near 90 degrees so as to angularly distinguish this image
from the previous one, or less (e.g. 15 - 90 degrees, for example 45 degrees) so as to
enable to take this image within a short time after the image in accordance with the plane of
Figure 4, as less rotation of the interventional device will be required.

Alternatively, the interventional medical imaging device may comprise dual
interventional imaging devices, e.g. at 90 degrees in respect of each other, thus providing,
together with the imaging in the plane in accordance with figure 4, a second interventional
medical image at an angle of 90 degrees thereto.

The treatment surface may be defined by a plurality of vertices and the normal to the

local tangent plane may be determined by selecting a vertex on the treatment surface which
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is nearest to the treatment location. The normal may be determined from that vertex by
equating the normal to the vertex. Alternatively, plural neighbouring vertices may be taken,
and the normal set to an average thereof.

The higher an absorption/attenuation of radiation (such as X-ray radiation) by the
body of the patient, the higher an output power of the interventional medical imaging device
will be set, hence the higher a radiation load on the body of the patient. The absorption may
be calculated, for different directions of imaging, using an absorption model, e.g. stepwise or
continuously incrementing/decrementing the direction in the calculation. A direction resp.
directions at which absorption is resp. are low may be selected. The first and/or third
direction may hence be adjusted (i.e. amended) based on the calculated load and the
direction at which an optimum (e.g. low or lowest) absorption has been found according to
the model, prior to imaging from the respective direction by the interventional imaging
device. Hence, the imaging by the interventional imaging device may be performed at a
reduced load to the patient.

When displaying the interventional image, a cross sectional view of the diagnostic
medical image data along a plane coinciding with the image plane of the interventional
image may be taken and displayed, so as to provide that diagnostic image data, incl. e.g.
segmentation, treatment location and treatment surface are displayed from a same angle,
providing additional information for positioning and intervention. The plane in the (3D)
diagnostic medical imaging data to be displayed may be formed by the normal to the tangent
plane of the treatment surface, determined as described above, and the second direction.

In a two dimensional view, estimating a distance to other organs may be difficult, as
dimensions in 3D may be misinterpreted from 2D images. Hence, when determining the
treatment location, a location may be selected that would be too close to another organ OO.
In an embodiment, in order to determine the treatment location(s), other organs may be
recognized (automatically or manually) in the diagnostic medical imaging data, and a (3D)
distance to such other organ OO may be calculated for a plurality of locations (points) on the
treatment surface. The treatment location may take account of the calculated distance, e.g.
by keeping a predetermined minimum distance between the treatment location and the other
organ OO. As a result, risks and/or possible adverse effects as a result of applying a
treatment near that other organ, may be reduced, e.g. reducing a risk of damage to the
other organ OO.

Furthermore, in order to identify the treatment location (as defined in the diagnostic
medical imaging data) during the interventional procedure, after mapping (e.g. scaling) the
diagnostic medical imaging data onto the interventional medical imaging data, the treatment
location may be copied to the interventional medical imaging data in that at least one pixel in

the interventional imaging data at a position corresponding to the treatment location as



10

15

20

25

30

35

-20 -

defined in the diagnostic medical imaging data, is highlighted by setting an intensity thereof
to a high level, e.g. a level higher than a normal imaging intensity range of the interventional
image. The copying to the interventional medical imaging data may for example be
performed by registering a treatment file comprising the (e.g. highlighted) treatment location,
at the interventional medical imaging device, and displaying this information at the
interventional medical imaging device.

In order to prevent damaging neighbouring tissue by the catheter, or discovering
during the intervention that the catheter does not fit in an available space at the treatment
location, an available space near the treatment location may be identified in e.g. the (3D)
diagnostic medical imaging data, a 3D model of the interventional device may be fitted into
the available space near the treatment location, so as to estimate if the interventional device
would fit. These calculations may be performed e.g. before bringing the interventional
device into the patient’s body, so as to estimate if the selected device would fit or not, and if

not, to either select another therapy location or another, e.g. a smaller, interventional device.

An example of a non-limiting embodiment incorporating various aspects of the invention

is provided below.

1. Providing a diagnostic medical image. A medical image is taken by a diagnostic
medical imaging device. The diagnostic medical imaging device may be a CT, MRI,
SPECT, PET, Ultrasound or any other medical imaging device. The medical image may
be a two dimensional image, a sequence of 2 dimensional images, each spaced apart in
a third dimension perpendicular to the 2 dimensions of the images, so as to provide 3
dimensional information, or a 3 dimensional image. Also, a 2 or 3 dimensional image
may have been taken as described above, at different time instances, whereby the
images are combined into a 4 dimensional image. The image may be an image of any
suitable tissue of the patient, e.g. any suitable organ, such as a heart, lung, liver, etc.
The diagnostic medical image may be composed from plural imaging devices, e.g. a
combination of MRI and an echoscopic image, whereby for example Doppler information

is obtained from the echoscopic image, etc.

2. Image segmentation. An organ segmentation is created of the organ of interest.
The result of the organ segmentation process is a two or three dimensional spatial
object representing at least the treatment surface of the organ of interest. The anatomy,
pathology or other tissue or organ characteristic that is used for treatment planning is
processed using a specific technique for each parameter. Techniques used are the

automatic or manual segmentation of the organ and specific areas within the organ, or
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result from the analysis of specific characteristics within the segmented organ or the
unsegmented medical image. The resulting disease presence or severity is
reconstructed into a two or three dimensional spatial object. Both the treatment surface
and the diseased area are now positioned with respect to each other and the disease
presence or severity is projected onto the treatment surface using a radial projection

technique.

Mesh creation. A 3D surface mesh is created of the surface of the organ or tissue
whereto the therapy will be provided. A mesh of the internal side of the organ is used for
internal/endocardial therapies, and a mesh of the external side of the organ is used for
external/epicardial therapies. The 3D surface mesh is created by connecting the points
of the 2D image segmentations so that the nearest points in different consecutive image
slices are connected. To ensure a sufficient mesh resolution extra vertices may be
interpolated between two slices. To prevent obliqueness of the mesh faces between
consecutive slices a correction algorithm may be applied to minimize the distance

between connected vertices of two consecutive slices.

Quantification

a. The organ segmentation and the medical image are subjected to an algorithm to
assess the local tissue characteristics based on E.G. image intensity, timing values
or other tissue specific parameters. Local tissue characteristics are determined by
an algorithm which has as an input the image segmentation and the medical image.
The algorithm determines the local tissue characteristics and returns the values for
each pixel or combination of pixels in the segmented tissue.

b. The 3D organ segmentation is used as an input to derive local organ (geometry)
characteristics. The reachability can either be used for treatment planning by
manual selection of treatment locations, or can be calculated by an algorithm. For
each device the locations in the organ that are easy or difficult to access can be
specified. The reachability is based on the entrance location of the organ, the organ
geometry and the properties of the interventional device to be used. In contrast
treatment planning can be used to specify the interventional device properties to
optimally access the treatment point.

c. The 3D organ segmentation and the medical image are subjected to an algorithm to
allow external aspects to be incorporated during the treatment. Therefore a
separate segmentation is done of the organ(s) that are sensitive for interference
with the therapy. A value representing the likelihood or severity of the interference

is used as a parameter during treatment planning. Alternatively an expert system is
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used to incorporate predefined knowledge about the optimal therapy location.
Therefor one or a combination of different tissue, organ or patient characteristics
are matched to a database which contains the therapeutic results of patients that
have been treated with the same therapy earlier. Moreover a simulation model
might be used to predict the outcomes of the therapy in a patient or population
specific fashion and thereby serve as an input to select the optimal treatment
location. A value is assigned to all the vertices of the 3D surface and used for

treatment planning.

Projection. The datasets that result from the quantification step are used as an input

for a projection algorithm to project the local tissue or organ characteristics on the
surface mesh.

a. Tissue characteristics of which a gradient can be expected in the tissue (e.g. fibrosis,

perfusion, deformation), or a parameter that is derived from these characteristics,
will be projected on the surface mesh using radial projection. The radial projection
divides the tissue in equal segments so that each vertex of the surface mesh is part
of one segment that contains both the inner and outer segmentation. For spatially
spaced parameters in each segment (E.G. timing, intensity) the value projected on
the surface mesh vertex is equal to the average value of all the spatially spaced
parameters in the segment. For parameters with a single value in each segment
that is related to the segment (E.G. wall thickness, infarct transmurality), a line is
drawn through each point of the surface mesh and the relative value of the
parameter with respect to the segment is calculated and projected on the surface

mesh vertex.

b. Organ characteristics of which a local difference can be expected (curvature, wall

stress, device reachability) are derived from the surface mesh and therefore

inherently the surface mesh has a value on all vertices.

c. External inputs that are derived from one or a combination of the interfering organs,

expert system or simulation model are projected on the surface mesh and therefore

inherently the surface mesh has a value on all vertices.

The radial projection algorithm divides the organ (in this case e.g. the left ventricle)
into a finite number of equally spaced segments that are oriented perpendicular to
the treatment surface at the intersection point of the treatment surface and the
projection line. The intersection points are located at the vertices of the treatment
surface mesh. To project the parameter of interest on the treatment surface three

types of projections can occur:
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1) Projection of the presence or absence of the disease.

- Abinary 1 is projected onto the treatment surface when the diseased area is crossed
by a projection line. (E.G. fibrosis imaging).

2) Projection of pixel intensities for parameters that are specified on the pixel level.

- In cases where the diseased area is a map of local tissue characteristics divided per
pixel basis, the average value will be calculated for each projection line and the average
value will be projected onto the treatment surface. (E.G. perfusion imaging, deformation
imaging, timing maps, stiffness maps, wall stress, expert input, simulation input).

3) Projection of characteristics that are specified by the radial projection lines.

- The radial projection lines may be used to quantify tissue parameters of E.G.
ventricular shape, wall thickness or reachability by the devices. The crossing of the
radial projection line with the treatment surface can be used to project aspects of the
treatment surface (shape, reachability). When also the crossing of the radial projection
line with other (organ or tissue) segmentations is taken into account, the local tissue
thickness can be projected.

4) Projection of external organs

- When the interference of or on external organs is an important factor to determine
the most eligible treatment location, the 3D location of the external organ of interest
must be determined in patient coordinates by means of (semi-) automatic segmentation.
Hereafter the nearest distance from the external organ to each vertex of the treatment

surface is projected on the treatment surface and used for treatment planning.

Interpolation. When data is used that does not assign a value to all the vertices of
the surface mesh, a 3D spatial linear interpolation algorithm is used to interpolate the
projected values to the interpolated mesh vertices after projection of the available data
on the 3D surface mesh. Alternatively data with a low spatial resolution is projected so
that a clinically relevant projection of data over the surface mesh is obtained.

When the parameters of interest are projected onto the treatment surface, an
interpolation algorithm is applied to homogenously distribute the parameters on the
treatment surface. Next the user applies the treatment planning algorithm by applying
the threshold of the different parameters individually, ranging from 100% healthy to
100% diseased tissue, so that the area which is most eligible for the therapy remains.
This is referred to as the treatment area. For procedures where optimal visualization and
catheter navigation is required the user can be asked to select locations in the treatment
area that are most easily accessible by the catheter. To enhance the targeting accuracy
a single treatment location may be stored in each treatment file so that no

misinterpretation of different treatment locations can occur during the intervention.
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Contour/isoline. The interpolated values on the mesh are subjected to a
contour/isoline algorithm to allow the physician to select the region based on a range of
values that are most appropriate for the therapy. The threshold values can also be fixed.
The contour/isoline algorithm connects all the mesh vertices with equal values and
applies a filtering step in order to obtain a continuous and smooth isoline. The upper and
lower bound of the treatment zone are combined into a 3D region on the surface mesh
that is appropriate for the therapy and in a region where therapy should not be

performed for safety or efficacy reasons.

Multiple parameters. A treatment plan can be based on multiple input parameters.

a. By using multiple parameters for the treatment area calculation the resulting 3D
region is based on different parameters that are aligned and result in a single
treatment area. To allow a different contribution of different parameters to the
treatment area calculation, a weighing factor can be determined and used for each
parameter.

b. When multiple parameters originate from different imaging techniques that are
acquired at multiple time points, the different imaging datasets must be registered

before treatment planning is performed.

Treatment points. In the treatment areas on the 3D surface mesh, the physician can
manually determine specific treatment locations. Treatment locations are locations in the
treatment area that are assessed by the physician to be most appropriate for the

therapy.

Treatment file. The treatment file contains all the information that is necessary for an
optimal intervention.

a. The treatment points that are located on the surface mesh are transferred to the
corresponding 3D location in the treatment dataset which is used for the treatment
planning. On the location of the treatment point the pixel value, or the pixel values of
a block of pixels of the treatment dataset is/are intensified to the maximum value that
is permitted by the applicable standard (such as the DICOM or Nifti standard. The
metadata of the treatment dataset is kept constant. The name of the treatment file is
adapted so that the name of the treatment point is referenced in the filename.

b. To promote optimal 3D navigation the 3D surface mesh can also be transferred to

the corresponding 3D location in the treatment image dataset used for the treatment
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planning. Either this is done by intensifying the value of a predefined number of
intermittent pixels at the location of the organ surface, or by visualization of a 3D wire
mesh in the images.

In cases where the diagnostic image contains all the necessary information about the
optimal therapy location, E.G. for surgical procedures, steps 1-7 may be skipped and
the treatment location may be directly determined by the physician in the medical
image. On the location of the treatment point the pixel value, or the pixel values of a
block of pixels of the treatment dataset is/are intensified to the maximum value that is
permitted by the used medical imaging standard. The metadata of the medical
imaging dataset is kept constant. The name of the treatment file is adapted so that

the name of the treatment point is referenced in the filename.

Interventional imaging device settings. Based on both the surface mesh and the

treatment point, the optimal position and orientation of the interventional imaging device

are calculated so that the physician can optimally visualize the therapeutic device in

combination with the treatment location. This enables standardization of the procedure

and shortens procedure time.

Interventional imaging. The treatment file is loaded into the interventional imaging

device (fluoroscopy, MRI or Ultrasound).

a.

b.

The registration of the treatment file on the live interventional imaging device is done
by using the suite that is available for interventional imaging devices. Treatment
images are registered with the interventional imaging device based on anatomical or
fiducial landmarks that are visible in both the interventional and diagnostic imaging
datasets.

The registration of the treatment file and the interventional imaging device is done by
dedicated software. The live interventional images and the treatment images are
registered based on a combination of the anatomical or fiducial landmarks that are
visible in both the interventional and diagnostic imaging datasets, and on the motion
information that is derived from motion available in diagnostic images and live

images from the interventional device.

Interventional guidance. Different guiding technologies can be used during the

intervention.
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a. Therapy guidance to the optimal location can be done using manually steered
catheters and the interventional imaging device for visualization of both the live
image and the treatment plan.

b. When the interventional imaging device uses ionizing radiation for imaging it is often

5 attempted to minimize the amount of radiation. To minimize the radiation during the
interventional procedure the interventional device can be visualized using a magnetic
tracking technology. Therefore the interventional device is equipped with a
miniaturized coil and a magnetic field can be generated in the patient’s body by an
external device. In this way the catheter can be visualized in concordance with the

10 treatment plan without using ionizing radiation.

Another option is the use of a remote or robotically steered device to steer the
interventional device to the optimal location. Either or not the device can be visualized using

ionizing radiation or be equipped with a magnetic tracker to visualize its location.

15
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CONCLUSIES

1. Werkwijze voor het positioneren van een interventie-inrichting bij een

behandellocatie in een weefsel van een patiént, waarbij de werkwijze omvat:

het ontvangen, van een diagnostische medische beeldvormingsinrichting, van
diagnostische medische beelddata welke een diagnostisch medisch beeld van het
weefsel van de patiént representeert;

het segmenteren, gebruikmakend van een beeldsegmentatiecriterium, in de diagnosti-
sche medische beelddata van een aangetast gebied beelddata welke een aangetast
gebied van het weefsel representeert;

het definiéren, in de gesegmenteerde diagnostische medische beelddata, van een
behandelvlak van het weefsel;

het projecteren van het aangetaste gebied, gerepresenteerd door de aangetast gebied
beelddata, op het behandelvlak;

het definiéren van een behandellocatie op het behandelviak, waarbij de
behandellocatie in, buiten of op een grens van het aangetaste gebied is geprojecteerd op
het behandelvlak;

het registreren van data welke het behandelvlak en de behandellocatie representeert,
op een interventie beeldvormende inrichting;

het positioneren van de interventie-inrichting om gekeerd te zijn naar het
behandelvlak;

het bepalen van een eerste richting loodrecht op een normaal op een lokaal raakvlak
van het behandelvlak van het weefsel, waarbij het locale raakvlak is gelokaliseerd bij de
behandellocatie op het behandelvlak;

het afbeelden, door de interventie medische beeldvormingsinrichting, van het weefsel
bij de behandellocatie en ten minste een naburig gedeelte van de interventie-inrichting uit
de eerste richting voor het verkrijgen van eerste interventiebeelddata;

het verrijken, gebruikmakend van de eerste interventiebeelddata, van een positie van
de interventie-inrichting in een richting van de normaal en in een tweede richting loodrecht

op de normaal en loodrecht op de eerste richting.

2. Werkwijze volgens conclusie 1, verder omvattende:

- het afbeelden, door de interventie medische beeldvormingsinrichting van de
behandellocatie en ten minste het naburige gedeelte van de interventie-inrichting uit
een derde richting met een component in de eerste richting voor het verkrijgen van
een tweede interventiebeelddata,

- het verrijken, gebruikmakend van de tweede interventiebeelddata, van een

positie van de interventie-inrichting in de eerste richting.



10

15

20

25

30

35

-28 -

3. Werkwijze volgens conclusie 1 of 2, waarbij het verrijken, gebruikmakend van de
eerste interventiebeelddata, van de positie van de interventie-inrichting in de richting van de
normaal en in de tweede richting loodrecht op de normaal en loodrecht op de eerste richting,
het samenvoegen omvat van een weergave van het behandelpunt en de eerste interven-

tiebeelddata.

4. Werkwijze volgens een van de voorgaande conclusies, waarbij het verrijken,
gebruikmakend van de eerste interventiebeelddata, van de positie van de interventie-inrich-
ting in de richting van de normaal en in de tweede richting loodrecht op de normaal en lood-
recht op de eerste richting, het zenden van instructies aan de interventie-inrichting omvat

voor het bijstellen van een positie van de interventie-inrichting.

5. Werkwijze volgens een van de voorgaande conclusies, verder omvattende:
het verschaffen van een absorptiemodel dat een belasting door de interventiebeelvormings-
inrichting op het lichaam van de patiént tot uitdrukking brengt;
het berekenen, gebruikmakend van het absorptiemodel, van een belasting door de interven-
tiebeeldvormingsinrichting op het lichaam van de patiént als een functie van een richting van
beeldvorming van de interventie-beeldvormingsinrichting;
het bijstellen van ten minste één van de eerste richting en derde richting gebaseerd op de

berekende belasting.

6. Werkwijze volgens een van de voorgaande conclusies, waarbij de normaal op het
lokale raakvlak van het behandelvlak wordt bepaald door het selecteren van een vertex op
het behandelvlak en het bepalen van de normaal op het locale raakvlak uit een normaal

vertex bij de geselecteerde vertex.

7. Werkwijze volgens een van de voorgaande conclusies, waarbij een hoek tussen de
derde richting en de eerste richting tussen 15 graden en 90 graden is, bij meer voorkeur in

hoofdzaak 45 graden.

8. Werkwijze volgens een van de voorgaande conclusies, waarbij de interventie medi-
sche beeldvormingsinrichting wordt ingesteld voor het afbeelden in de derde richting door het
roteren van de interventie medische beeldvormingsinrichting, na het nemen van het eerste
interventiebeeld, langs een hoofdas van de rotatie van de interventiebeeldvormingsinrichting,

met ten minste 15 graden, bij voorkeur met in hoofdzaak 45 graden.

9. Werkwijze volgens een van de voorgaande conclusies, omvattende:



10

15

20

25

30

35

-29-

- het selecteren, in de diagnostische medische beelddata, van een dwarsdoorsnedevlak
dat is gedefinieerd door de normaal op het lokale raakvlak van het behandelvilak en de
tweede richting,

- het weergeven van een resulterende diagnostische medische beelddata van het

dwarsdoorsnedevlak met een weergeven van de interventie medische beelddata.

10. Werkwijze volgens een van de voorgaande conclusies, omvattende:
- het herkennen, in de diagnostische medische beelddata, van een orgaan anders dan
het weefsel waarbij het behandelvlak is gedefinieerd,
- het berekenen, voor elk punt in de gesegmenteerde medische beelddata, van een
afstand van het orgaan tot het punt in de gesegmenteerde medische beelddata, en
- waarbij het definiéren van de behandellocatie het rekening houden met de berekende

afstand van het orgaan naar het punt in de gesegmenteerde medische beelddata, omvat.

11. Werkwijze volgens conclusie 10, waarbij het rekening houden met de berekende
afstand het behouden van een tevoren bepaalde minimum afstand tussen het orgaan en de

behandellocatie omvat.

12. Werkwijze volgens een van de voorgaande conclusies, verder omvattende:
het kopiéren van de behandellocatie van de diagnostische medische beelddata naar de
interventie medische beelddata, en het highlighten, in de interventie medische beelddata zo-
als verkregen door de interventie beeldvormingsinrichting, van de gekopieerde

behandellocatie.

13. Werkwijze volgens een van de voorgaande conclusies, verder omvattende:
het verschaffen van een geometrisch vormmodel van de interventie-inrichting;
het bepalen, in de diagnostische medische beelddata, van een beschikbare ruimte gekeerd
naar het behandelvlak,
het modelleren, bij de behandellocatie in de diagnostische medische beelddata, van het
geometrische vormmodel van de interventie-inrichting in de beschikbare ruimte, en
het bevestigen van de behandellocatie wanneer het geometrische vormmodel van de

interventie-inrichting past in de beschikbare ruimte bij de behandellocatie.

14. Werkwijze volgens conclusie 13, verder omvattende:
het selecteren, gebaseerd op de bepaalde beschikbare ruimte, van een interventie-inrichting
uit meerdere beschikbare interventie-inrichtingen, waarbij de geselecteerde interventie-inrich-

ting past in de bepaalde beschikbare ruimte.
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15. Dataverwerkingsinrichting voor het verbinden met een diagnostische medische

beeldvormingsinrichting en een interventie medische beeldvormingsinrichting, waarbij de

dataverwerkingsinrichting is voorzien van programma-instructies om ervoor te zorgen dat de

dataverwerkingsinrichting de stappen uitvoert van:

het ontvangen, van de diagnostische medische beeldvormingsinrichting van
diagnostische medische beelddata welke een diagnostisch medisch beeld van het
weefsel van de patiént representeert;

het segmenteren, gebruikmakend van een beeldsegmentatiecriterium, in de
diagnostische medische beelddata, van een aangetast gebied beelddata welke een
aangetast gebied van het weefsel representeert;

het definiéren, in de gesegmenteerde diagnostische medische beelddata, van
een behandelvlak van het weefsel;

het projecteren van het aangetaste gebied, gerepresenteerd door de aangetast
gebied beelddata, op het behandelviak;

het definiéren van een behandellocatie op het behandelvlak, waarbij de
behandellocatie in, buiten of bij een grens van het aangetaste gebied geprojecteerd
op het behandelvlak, is;

het registreren van data welke het behandelvlak en de behandellocatie
representeert, bij een interventie beeldvormingsinrichting;

het verschaffen van instructies voor het positioneren van de interventie-inrich-
ting om gekeerd te zijn naar het behandelvlak;

het bepalen van een eerste richting loodrecht op een normaal op een lokaal
raakvlak van het behandelvlak van het weefsel, waarbij het locale raakvlak is ge-
lokaliseerd bij de behandellocatie van het behandelvlak;

het verschaffen van instructies voor afbeelden, door de interventie medische
beeldvormingsinrichting, van het weefsel bij de behandellocatie en ten minste een
naburig gedeelte van de interventie-inrichting uit de eerste richting voor het verschaf-
fen van eerste interventiebeelddata om verrijken mogelijk te maken, gebruikmakend
van de eerste interventiebeelddata, van een positie van de interventie-inrichting in een
richting van de normaal en in een tweede richting loodrecht op de normaal en lood-
recht op de eerste richting.

16. Software programmaproduct omvattende programma-instructies die ingericht zijn

voor, wanneer geladen in een dataverwerkingsinrichting, het zorgen dat de dataverwerkings-

inrichting de stappen uitvoert van:

het ontvangen, van de diagnostische medische beeldvormingsinrichting, van
diagnostische medische beelddata welke een diagnostisch medisch beeld van het

weefsel van de patiént representeert;
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het segmenteren, gebruikmakend van een beeldsegmentatiecriterium, in de
diagnostische medische beelddata, van een aangetast gebied beelddata welke een
aangetast gebied van het weefsel representeert;

het definiéren, in de gesegmenteerde diagnostische medische beelddata, van
een behandelvlak van het weefsel;

het projecteren van het aangetaste gebied, gerepresenteerd door de aangetast
gebied beelddata, op het behandelviak;

het definiéren van een behandellocatie op het behandelvlak, waarbij de
behandellocatie in, buiten of bij een grens van het aangetaste gebied geprojecteerd
op het behandelvlak is;

het registreren van data representatief voor het behandelvlak en de
behandellocatie bij een interventiebeeldvormingsinrichting;

het positioneren van de interventie-inrichting om gekeerd te zijn naar het
behandelvlak;

het bepalen van een eerste richting loodrecht op een normaal op een lokaal
raakvlak van het behandelvlak van het weefsel, waarbij het locale raakvlak is ge-
lokaliseerd bij de behandellocatie op het behandelvlak;

het verschaffen van instructies aan de interventie  medische
beeldvormingsinrichting voor het afbeelden, door de interventie medische beeld-
vormingsinrichting, van het weefsel bij de behandellocatie en ten minste een naburig
gedeelte van de interventie-inrichting uit de eerste richting voor het verschaffen van
eerste interventiebeelddata voor het mogelijk maken van verrijking, gebruikmakend
van de eerste interventiebeelddata, van een positie van de interventie-inrichting in een
richting van de normaal en in een tweede richting loodrecht op de normaal en lood-

recht op de eerste richting.
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ABSTRACT

A method of providing by a diagnostic medical imaging device, medical image data
representing a diagnostic medical image of the tissue of the patient. The method comprises
segmenting, using an image segmentation criterion, in the diagnostic medical image data a
diseased area image data representing a diseased area of the tissue, defining, in the
segmented image data of the diagnostic medical image data, at least one treatment
location, identifying, in the diagnostic medial image data, a treatment surface of the tissue,
positioning the interventional device to face the treatment surface, determining a normal to a
local tangent plane of the treatment surface of the tissue, the local tangent plane facing the
treatment location, imaging, by an interventional medical imaging device, at least a part of
the interventional device and the treatment location from a first direction perpendicular to the
normal to obtain first interventional image data, verifying, using the first interventional image
data, a position of the interventional device in a direction of the normal and in a second
direction perpendicular to the normal and perpendicular to the first direction, imaging, by the
interventional medical imaging system, at least a part of the interventional device and the
treatment location from a third direction having a component in the first direction to obtain a
second interventional image data, and verifying, using the second interventional image data,

a position of the interventional device in the first direction.

Fig. 3A, 3B
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Box No.1 Basis of this opinion

. This opinion hias bean established ot the basis.of the latest set of claims filed before the start of the search.

2. With regard to any nuclectide andior amino acid sequence distlosed i the application and necessary tothe

claimed invention, tis opiion hag bHeen astablishied on the basis of:
a. type of matarial:

Bl asequence Hsting

L1 tableds) related to the sequence listing
b. format of materiah

o oen papet

£ iy electronic form
. time of flingfurnishing:

(1 contained inthe application as filed.

1 riled fogether with the application in electronic form.

1 hurnished subseguently for the purposes of search.
. inaddition, inthe case that more than one version or copy of a ssquencs listing andior table relating thersto
has bean filed or furnished; the required staternents that thednformation in the subseguent or additional
copias isddentical ko that in the application as Hiled or does not go beyond the application as filed, as
appropriate, wera furnishad:

« Additional comments:

Box Ne. V' Reasoned statement with regard 10 novedly, inventive step or industrial applicability;
citations and explanations supporting such statement

e

1. Statement
Novelty Yes: Claims 118
Mo Claims
Invenitive step Yes:: Claims:
Mo Claims 1186
tndustrial applicability Yeg: Claims 118

Ng:  Olaims

Citations and explanations

see separate sheet
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Re ltem V
Referance is made to the following documents:

D1 US 2015/065855 A1 (VAN SLOCHTEREN FREBUS JAN [NL] ET AL) 5
maart 2015 (2015-03-05)

D2 US 2012/296196 A1 {BOESE JAN [DE] ET AL) 22 november 2012
(2012-11-22)
D3 US 2015/201892 A1 (HUMMEL ERIK [NL] ET AL) 23 juli 2015

(2015-07-23)

1 The subject-matter of claim 1 comprises the step of "positioning the
interventional device 1o face the treatment surface”. The description indicates
examples thereof: p. 2, 1 21-221 "regenerative therapy, cardiac ablations, or
cardiac device implanations nieed to be targsted to the exact position”; p. 7, 1.
29-30: "in the case of stem cell injections, an injection needie is positioned
facing the selected treatment location”; p. 8, |. 25-26: "applying an electrode
for cardiac resynchronisation therapy”; also p. 15, 1. 8-17 indicates that the
space facing the treatment surface might be e.q. "a cardiac chamber”, The
step of positioning the interventional device represents thus an invagive
physical intervention which involves a health rsk for the patient even when
carried cut with the required medical professional care and expertise and is
therefore considered to be g step of surgical nature. A method which
comprises or encompasses a step of surgical nature is considered to be a
method of traatment of the human or animal body by surgery. The same
applies thus to claims 2-14, which represent likewise methods of reatment of
the human or animal body by surgery.

Consequently, even though a complete search has been carried out, no
opinion will be formulated concerning novelty and inventive step of the
subject-matter of claims 1-14.

2 Claim 15: the step of imaging by the interventional medical imaging device
“from the first direction” is not clear. Some imaging devices are indeed able to
acquire an image along a particular divection {such as a G-arm device
disclosed in p. 8, 1. 11-13). However, { is not clear how other imaging devices
{e.q: interventional MR such as disclosed inp. 9, L 38 and p. 25, 1. 20, as well
as an interventional CT, etc.) can image "fram the first direction”, not being

FoemNL2STR fsdpaiaie sheetl dduly SOE8Y (sheet 1}
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3.2

clear how the direction of e.g. an MRI scan or CT scan is defined and how
this direction can be adjusted. Thus, said {eature does not define any clear
restriction to the data processing device of claim 15,

The subject-matter of following claims is not inventive.

The lack of clarity raised above notwithstanding, document D1 is considered
to be the prior art closest to the subject-matier of claim 15 and discloses (the
refarences in parentheses applying to this document):

Dataverwerkingsinrichting voor het verbinden met een diagnostische
medische beeldvormingsinrichting en een interventie medische
beeldvarmingsinrichting (fig, 73, waarbi{ de dataverwerkingsintichting is
VOQUIZIien van programma-insiructies om arvoor te 201gen dat de
dataverwerkingsinrichting de stappen uitvoert van:

- het ontvangen, van de diagnostische medische
beeldvormingsinrichiing van diagnostische medische beslddata welke
een diagnostiseh medisch beeld van hat weefsel van de patiént
representeert (Mimage data” in [0048], see also [0055]);

- het segmenteren, gebrutkmakend van een beeldsegmentaliecritenum,
in de diagnostische medische beelddata, van een aangetast gebied
beelddata welke sen aangetast gebied van het weeflsel representeert
{[e058]):

- het definiéren, in de gesegmentearde diagnostische medische
beelddata, van een behandelviak van het weefsel {0056});

- het projecteren van het aangetaste gebied, gerepresenteerd door de
aangetast gebied beelddata, op het behandelviak ({0058]-[0057] and
[0062});

< het definiéren van een behandeliocatie op het behandelviak, waarbij de
behandellocatie in, buiten of bij een grens van het aangetaste gebied
geprojecteerd op het behandelvlak, 1s ([0079]-[0081]);

- het registreren van data welke het behandsiviak en de behandeliccatie
reprasenteert, bij ean interventie besldvormingsinrichting ([0064] and

(G081
~ het verschaffen van instructies voor het positioneren van de
interventie-inrichting om gekserd te zijn naar het behandetviak {{0089]-

[0080Y);

The subject-matter of claim 15 therefore differs from this known processing
device in the following features:
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- het bepalen van een eerste richting loodrecht op gen normaat op een
lokaal raakviak van het behandelviak van het weelsel, waarbij hat locale
raakviak is gelokaliseerd bij de behandeliocatie van het behandelviak;

- het verschalfen van instructies voor afbselden, door de interventie
madische beeldvormingsinrichting, van het weefsel bij de
behandellocatie en ten minste een naburig gedealte van de interventie-
inrichting uit de eerste richting voor het verschaffen van eersle
interventiebeelddata om verriiken mogelijk te maken, gebruikmakend
van de eerste interventiebeelddata, van een positie van de interventie-
inrichting in een dchting van de normaal en in een tweede tichling
loudrecht op de normaal en loodrecht op de serste richting.

The technical effect caused by this difference is to provide interventional
images in a direction perpendicular to the treatment suwiface for enhancing the
position of the interventional device (note, however, the clarity objection
raised above). The objective technical problem may therafora be regarded as
how to provide an improved navigation for the interventional device.

D1 specifies using fluoroscopy images as an interventional image for
supporting navigation {{0087}-[0088]}, but does not specify the acquisition
direction of the fluorascopy images. Acguiring fluoroscopy images from a
direction perpendicular {o the treatment surface is well known in the art {see
as mere examples D2: {0028]{0030] and [0087]; and D3: [0081]) and would
be done by the skilled person without use of inventive skill, thereby artiving at
the subject-mattar of claim 15

independent claim 16 defines the corresponding software program product
and is likewise rendered obvious by D1 (see passages cited for claim 1),

Re ltem VH

4

The relevant prior art, L.e. document D1 noted above, should be
acknowledged by reference and briefly discussed in the description.
Furthermore, the two-part form should be used for the independent claim{s).
Tha features of the claims are not provided with referance signs placed in
parentheses,
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