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CARDIAC IMAGING PROCESSING FOR
INTERVENTIONS

FIELD OF THE INVENTION

[0001] The invention relates to cardiac image processing
for interventions.

BACKGROUND OF THE INVENTION

[0002] Cardiac regenerative therapy for ischemic heart dis-
ease (IHD) aims to provide local cardiac protection and
regeneration by means of vasculogenesis, cardiomyogenesis,
and matrix support. Studies have shown that injection of
stem/progenitor cells into the border zone of the infarcted
area helped to stimulate cardiac repair via cell-to-cell contact
and secretion of paracrine factors. Moreover, therapeutic
effects may rely on the delivery and retention of the regen-
erative therapeutics on a location where oxygen and nutrients
are available to enable survival. Via intramyocardial catheters
stem cells, stem cell derived factors, progenitor cells, and/or
biomaterials can be injected with minimal invasiveness into
the myocardium. Injection locations can be chosen based on
tissue viability measures obtained from electromechanical
mapping (EMM). For example, NOGA®XP (Biosense Web-
ster, Cordis, Johnson & Johnson, USA) is an intramyocardial
injection system that provides a three dimensional (3D) mag-
netic tracking technology and allows for the assessment of
local electrical and mechanical tissue characteristics. Using
the injection system, local unipolar (unipolar voltage, UV)
and bipolar (bipolar voltage, BV) depolarization potentials
and relative catheter tip displacements (Linear Local Short-
ening, LLS) are measured at multiple locations on the left
ventricular (LV) endocardium. These measurements are
interpolated to obtain a three-dimensional reconstruction of
the LV endocardium which is used to guide stem cell injec-
tions.

SUMMARY OF THE INVENTION

[0003] Since the measures of electromechanical mapping
are often not distinctive in non-transmural infarctions, and
measurements are interpolated in regions where no measure-
ments are taken, the results obtained by electromechanical
mapping are not reproducible, and prone to errors. Moreover,
since the non-transmural border zone of the infarction is
believed to be the preferred delivery site of the stem cell
therapeutics, it is crucial for it to be optimally defined during
the injection procedure.

[0004] An aspect of the present invention is to provide a
method for optimizing a cell delivery location by combining
the gold standard measure of infarct transmurality or other
infarct, ischemia (perfusion/viability), or myocardial defor-
mation related parameters derived from MRI or other imag-
ing modalities and practical guidance during operation.

[0005] Another aspect of the present invention is to provide
asystem for facilitating real-time image guided (pre-) clinical
stem cell injection. This system provides the possibility to
guide intramyocardial injections with high accuracy to loca-
tions with distinct infarct, ischemia (perfusion/viability), or
myocardial deformation characteristics. In addition, this sys-
tem can be used to specify the definition of border zone of the
infarct.
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[0006] 1In an aspect, the invention provides a method of
processing an image, comprising

[0007] determining a local disease severity measure based
on a 3D dataset;

[0008] determining a target region for a treatment, based on
the local disease severity measure, wherein the target region
corresponds to a transition region between a first region and a
second region, wherein the first region has values of the local
disease severity measure which are substantially distinct from
the values of the local disease severity measure in the second
region; and

[0009] registering at least the target region with an inter-
ventional image modality.

[0010] Thesystemallows the target region for the treatment
to be clearly defined in the interventional image modality, so
that during an intervention, the target region can be reached
more reliably.

[0011] The said local disease severity measure may be
indicative of a measure ofa local disease severity at alocation
along a surface of a myocardium. This allows for example an
intravascular catheter to be guided through the ventricle
towards the portion of the inner surface of the myocardium
corresponding to the target region.

[0012] The local disease severity measure may be indica-
tive of a transmurality of an infarction of a myocardium or of
alocal severity of ischemia. The transmurality may be a good
indicator to identify the region where to perform an interven-
tional treatment, in particular a stem cell injection. For
example, a local signal intensity may be correlated with dis-
ease severity. Consequently, the signal intensity may be used
as another local disease severity measure.

[0013] The transition zone may be a border zone of an
infarcted region of the myocardium. Such a region may be
particularly suited for a stem cell injections in clinical prac-
tice.

[0014] The determining the target region may comprise
comparing the local disease severity measure to a reference
value. Such a reference value may be used to locate the most
viable region for the intervention.

[0015] The target region may comprise a region where the
local disease severity is equal to the reference value, a region
where the local disease severity is smaller than the reference
value, and a region where the local disease severity is larger
than the reference value. The target region may thus contain a
border zone around a region having the reference value.
[0016] The target region may correspond to a region com-
prising an isoline where the local disease severity is equal to
the reference value and a margin on both sides of the isoline.
Tt has been found that such a margin around an isoline pro-
vides relatively good results.

[0017] The margin may have a predetermined width mea-
sured along a surface of the myocardium, on both sides of the
isoline. It has been found that such a margin around an isoline
provides relatively good results. The width may be, for
example, around 5 mm on each side of the isoline. However,
this is not a limitation.

[0018] The method may comprise determining a no-go
zone for intervention corresponding to an area with a high
local disease measure according to a set of predetermined
constraints. Clear identification of such ano-go zone provides
additional safety for the patient, because an injection in the
highly diseased area, for example a core infarction area, may
impose a risk to the patient.
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[0019] The 3D dataset may comprise one or a combination
of a nuclear magnetic resonance (NMR) dataset, a magnetic
resonance imaging (MRI) dataset, a computed tomography
(CT) dataset, a PET dataset, a SPECT dataset, an echography
dataset, and a spectroscopy dataset. These types of images
may be suitable for determining the local disease severity. For
example, afusion of MRIand SPECT may be advantageously
used.

[0020] The 3D dataset may comprise an MRI image, and
the MRI image may comprise a late gadolinium enhanced
image. This type of image may be particularly useful to deter-
mine local disease intensity, for example in terms of transmu-
rality or signal intensity.

[0021] Theinterventional image modality may comprise an
interventional navigation system. Such an interventional
navigation system may be used to guide a catheter tip inside
the heart, for example inside the left ventricle, towards a
portion of the myocardium, based on the identified target
region for treatment.

[0022] The interventional image modality may comprise a
magnetic resonance imaging modality. Also, the method may
comprise acquiring a magnetic resonance imaging dataset
while navigating the catheter inside a body. The step of reg-
istering may comprise registering the target region with the
magnetic resonance imaging dataset that was acquired while
navigating the catheter inside the body. This allows the inter-
vention to be guided by means of MRI, while using the target
region to guide the intervention.

[0023] Themethod may comprise displaying the registered
target region fused with an image of the interventional image
modality during an intervention. The image of the interven-
tional image modality during the intervention may, for
example, be indicative of a location of an interventional
instrument, and/or real-time anatomical information related
to an interventional instrument, and the fused image contain-
ing both the target region and the image of the interventional
image modality may help to locate the target region with the
instrument and/or in respect of the real-time anatomical infor-
mation.

[0024] Themethod may comprise displaying the registered
target region in a bull’s eve plot format or a polar coordinate
system. Such a format may facilitate the understanding of the
target region by an observer.

[0025] Themethod may comprise directinga catheter to the
target region. This may be performed automatically, by
means of an interventional guiding mechanism. This step
may alternatively be performed manually by an intervention-
alist.

[0026] The method may further comprise injecting at least
one stem cell, or stem cell derived factors, or medication, or
biomaterials, or a combination thereof, into the target region
using the catheter.

[0027] The method may further comprise performing an
ablation or performing a biopsy in the target area using the
catheter. This may be another application of the invention.
[0028] In another aspect, the invention provides a system
for processing an image, comprising

[0029] adiseaseseverity measurement determining unit for
determining a local disease severity measure based on a 3D
dataset;

[0030] a target region determining unit for determining a
target region for a treatment, based on the local disease sever-
ity measure wherein the target region corresponds to a tran-
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sition region between a region with a low local disease sever-
ity measure and a region with a high local disease severity
measure;

[0031] a registering unit for registering at least the target
region with an interventional image modality.

[0032] The system may comprise a guiding unit for con-
trolling an intramyocardial catheter guiding apparatus to
guide the catheter towards the target region based on the
registered target region.

[0033] The system may comprise means to specify the defi-
nition of border zone of the diseased location. For example,
the system may comprise a user input unit for receiving input
regarding the definition of border zone. The definition of
border zone may comprise, as a non-limiting example, a
particular disease severity level corresponding to the border
of an infarction area, and a particular width of the border
zone.

[0034] In another aspect, the invention provides a system
for use in real-time image guided stem cell injection, the
system comprising a guiding unit for controlling an intramyo-
cardial catheter guiding apparatus to guide an intramyocar-
dial catheter to a location on a target region corresponding to
a border zone of a diseased area according to infarct trans-
murality, ischemia, or myocardial deformation.

[0035] The system may comprise a disease sevetity mea-
surement determining unit for determining a local disease
severity measure based on a 3D dataset.

[0036] The system may further comprise a target region
determining unit for determining the target region, based on
the local disease severity measure, wherein the target region
corresponds to a transition region between a region with a low
local disease severity measure and a region with a high local
discase severity measure, in accordance with a set of con-
straints.

[0037] Thepersonskilled in the art will understand that the
features described above may be combined in any way
deemed useful. Moreover, modifications and variations
described in respect of the system may likewise be applied to
the method and to the computer program product, and modi-
fications and variations described in respect of the method
may likewise be applied to the system and to the computer
program product. The person skilled in the art will understand
that many variations are possible, without departing from the
spirit and scope of the appended claims, including equiva-
lents.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] In the following, aspects of the invention will be
elucidated by means of examples, with reference to the draw-
ings. The drawings are diagrammatic and may not be drawn to
scale.

[0039] FIG. 1 is a sketch of a system for guiding an inter-
ventional catheter.

[0040] FIG. 2 is a flow chart of a method of cardiac image
acquisition and processing for an intervention.

[0041] FIG. 3 is a diagram illustrating the concept of trans-
murality.

[0042] FIG. 4isabull’seye plot showing a target area for an
intervention.

[0043] FIG. 5 is a visualization of a 3D mesh showing a
target area for an intervention, overlaid on a medical image.
[0044] FIG. 6 is a flowchart of a method of cardiac image
processing for an intervention.
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[0045] FIG. 7 is a block diagram of a system for cardiac
image processing for an intervention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0046] In the following description, a number of embodi-
ments of the invention will be described in more detail. How-
ever, it should be noted that the detailed description presents
example embodiments, which do not limit the invention.
[0047] According to a method of treatment planning in
cardiac stem cell therapy, prior to the injection procedure,
gold standard diagnostic imaging techniques are used to
assess the severity of the disease. Using MRI, infarct trans-
murality may be assessed using late gadolinium enhance-
ment. Perfusion of the myocardium may be assessed. Defor-
mation of the myocardium may be assessed, for example
using MRI tagging. Using SPECT/CT, perfusion and/or
viability of the myocardium may be assessed. These are
examples of local disease severity measures. The diagnostic
imaging data may be converted into a target area by an auto-
matic algorithm using user defined thresholds for the local
disease severity measure. For an image guided injection, the
target area may be projected on a 3D endocardial mesh. The
mesh may be co-registered with an electromechanical map-
ping (EMM) catheter. Other catheter injection systems may
also be used. The target area (or areas) may be used to guide
the injections. A good visual agreement of the infarct border
zone may be obtained by using an infarct transmurality
threshold of 50%, and an area width for the target area of 1
cm. However, the threshold and the area width are not limited
to the values 0f 50% and 1 ¢cm. These values may be modified
as needed. For example, it is possible to target areas and
border zones at any percentage between 0 and 100% trans-
murality. Other parameter settings may also provide good
results. These parameters can be adjusted by the user. The
method enables assignment of an optimal injection area based
on the gold standard diagnostic imaging data, and precise
injections into this area. The solution may provide one or
more of the following advantages: gold standard diagnostic
imaging, automated target area assignment, standardized
injection strategies, easy image guided injection procedures,
and standardization of injection strategies.

[0048] FIG. 1 illustrates a system for guiding an interven-
tional catheter. Generally, three components may be distin-
guished. The first component 1 represents one or more imag-
ing modalities which may be used to obtain an image of an
anatomy. The obtained image data may be used to make a
diagnosis and/or decide on a treatment. Moreover, the
obtained image data may be processed by the system, to
identify a target area for cardiac regenerative therapy, for
example. To this end, certain processing operations may be
performed as described hereinafter in more detail. For
example, the processing may comprise a segmentation based
on one or more severity threshold values. The second com-
ponent 2 represents a catheter tracking system. Such a system
may use a trackable catheter, for example using a tracking
technology such as magnetic or impedance measurements to
localize at least part of a catheter. Alternatively, the catheter
tracking system may be based on image detection, i.e. by
means of an image guided catheter system. For example, the
catheter tracking may be guided using MRI data that is
acquired during the intervention. This way, MRI-based inter-
ventional modality may be provided. Alternatively, the cath-
eter tracking might be guided using fluoroscopy. The catheter
system may be configured to perform injections of a myocar-
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dium, for example, under control of automated and/or manual
catheter guidance means. The third component 3 represents a
subsystem which is configured to combine the target area
identified by the first component 1 and the catheter. That is,
the target area may be combined with a catheter position
determined by the second component 2, for example. More-
over, image data acquired by the second component 2 during
catheter manipulations may be combined with the target area,
for example to depict the target area in the context of the
image data acquired by the second component. This way the
image guided injections may be guided towards the target
region.

[0049] Hereinafter, embodiments of the invention will be
described with reference to a novel software toolbox (“3D
CartBox”), which was developed by the inventors. The soft-
ware toolbox is capable of using the NOGA®XP system and
MRI data, in order to provide real-time image guidance for
intramyocardial stem cell injections.

[0050] The result of cardiac regenerative therapy impor-
tantly depends on optimal delivery of biologics to the myo-
cardium. It was found that it may be beneficial if intramyo-
cardial catheter guided stem cell transplantations are
performed in border zone areas. Such border areas may be the
closest regions of viable (thus perfused) myocardium in the
vicinity of the infarct area. The gold standard technique to
determine this area is late gadolinium enhanced magnetic
resonance imaging (LGE-MRI). Myocardial viability assess-
ment by the NOGA®XP electromechanical mapping (EMM)
catheter guided injection system is prone to errors in non
transmural infarctions.

[0051] Inapreferred method, LGE-MRIand EMM dataare
obtained. MRI and EMM datasets may be registered using a
suitable registration algorithm. Several registration algo-
rithms are known in the art per se. In an embodiment, the
registration may be performed by any one or more of the
following three steps: 1) landmark registration, 2) surface
registration, and 3) manual optimization. Examples of land-
marks which may beused for the registration include the apex
and the coronary ostia After registration, the EMM data may
be projected on an endocardial surface mesh derived from
MRI.

[0052] The registration algorithm may enable registration
of the EMM on pre-acquired MRI during an injection proce-
dure. This may be useful to visualize the complex 3D scar
geometry, and allows the operator to perform dedicated, real-
time cell injections that are more accurately guided to the
border zone of the infarct.

[0053] Accurate identification of viable tissue in proximity
of the infarct is of great importance. Via intramyocardial
injection catheters stem/progenitor cells or biomaterials can
be injected with minimal invasiveness into the myocardium.
Moreover, since the non transmural border zone of the inf-
arction is believed to be the preferred delivery site of the stem
cell therapeutics [2], it is crucial for it to by optimally defined
during the injection procedure. In this disclosure, a practical
toolbox (3D CartBox) is described that allows real-time
image guided (pre-) clinical stem cell injection. This toolbox
provides the possibility to guide intramyocardial injections
with high accuracy to locations with a distinct infarct trans-
murality.

[0054] FIG. 2 illustrates an example of the 3D CartBox
process. The process can be sub-divided into four major steps:
Data acquisition 213, Data pre-processing 214, Registration
215, Post processing 212. The acquisition 213 can comprise
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an optional cine MRI acquisition 201, a late enhancement
MRI acquisition 204, and an EM Map acquisition 207.

[0055]  Although FIG. 2 illustrates the use of MRI acquisi-
tions as the prior image dataset used to determine the target
zone, this is only an example. The MRI acquisitions may be
replaced and/or complemented with 3D dataset from another
modality, such as SPECT/CR or echography, or any other
suitable imaging modality.

[0056] The data pre-processing step 214 may comprise LV
endocard segmentation 202 ofthe cine MRI dataset, resulting
in end diastolic endocardial surface mesh 203. The data pro-
cessing step 214 may further comprise LV myocard and inf-
arct segmentation 205, which results in an endocardial sur-
face mesh with infarct transmurality values 206.

[0057] The registration step 215 may comprise landmark
registration 208, iterative closest point (ICP) registration 209,
and/or manual registration 210. As mentioned above, any
kind of surface registration may be applied, for example to
replace the ICP registration 209. The registration step 215
may result in an endocardial surface mesh 211 with interpo-
lated infarct transmurality and projected EMM data.

[0058] The data post-processing step 212 may further pro-
cess the endocardial surface mesh 211. Such data post-pro-
cessing 212 may include, for example, calculation of match/
mismatch between LGE-MRI and EMM parameters, and/or
visualization of bullseye plots.

[0059] The NOGA® XP system (Biosense Webster, Cor-
dis, Johnson & Johnson, USA) version 1.1.43 may be used
equipped with a 7 French NOGA mapping catheter (Biosense
Webster, Cordis, Johnson & Johnson, Diamond Bar, USA)
for the mapping procedure. However, this is only an exanple
of an interventional EMM system. Other catheter injection
systems can also be used.

[0060] In general, the LV may be entered by retrograde
passage through the aortic valve. Readout of the catheter tip
location may be done in end-diastole using R-wave trigger-
ing. Thereby providing, for example, only end-diastolic loca-
tions for registration. Points taken in the left and right coro-
nary ostia and the apex may serve as anatomical landmarks.
The apex location may be taken as the most outward point that
is reached in the apical region confirmed by fluoroscopy. To
obtain data from the interventional system in a real time
fashion, the system may be configured to enable, for example,
read-only access from an external computer running, for
example, 3D CartBox, as disclosed herein.

[0061]

[0062] The coronary ostia, apex may be selected manually
in the end-diastolic frames of the cine images. Segmentation
of the endocardium may be done in the end-diastolic frames
of the short axis cine images to create a 3D surface mesh of the
left ventricular endocardium for surface registration and pro-
jection of the acquired data. Segmentations may be per-
formed using existing post processing software for medical
images. However, this is not a limitation. Endocardial seg-
mentation may be done automatically and corrected manually
if necessary. In the short axis LGE datasets the endo-, and
epicardial contours and the MI contours may be segmented
automatically and corrected manually if necessary e.g. by an
experienced physician. Infarct size and transmurality may be
quantified using an existing segmentation algorithm. The
short axis datasets may be divided in 80 radial sectors and
area based infarct transmurality assessment may be done
using a modified bullseye function of Segment. Infarct trans-

Data Pre-Processing
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murality data may be projected on the 3D surface mesh
obtained from the cine images for comparison to the EMM
data.

[0063] Perioperative Registration

[0064] For perioperative registration the raw data obtained
from the NOGA®XP system may be used. The raw
NOGA®XP dataset and the MRI datasets may be registered
coarsely based on the anatomical landmarks, for initial reg-
istration using a closed-form least squares approach [18, 19].
This algorithm may be modified, for example to enable
weighing the contribution of the locations used for landmark
registration. Alternatively, other forms of registration may be
applied. Hereafter the EMM catheter location and orientation
may be visualized in the MR images during the catheter
procedure. Optionally, after acquiring points in all or several
regions of the left ventricular endocardium, it is possible to
optimize the registration using, for example, an iterative clos-
est point (ICP) algorithm [19]. The ICP algorithm may be
restricted to small rotations around the apex in the sagittal,
coronal, and transverse plane of respectively 10, 20 and 20
degrees, for example, to prevent excess rotations. If necessary
the registration may be manually optimized by manually
adjusting the location and orientation interactively with six
degrees of freedom if so desired. Optionally, the accuracy of
the registration may be calculated, for example as the mean
distance from the EMM points to the mesh surface as previ-
ously described [20].

[0065] The endocardial surface may be subdivided in four
sections with a different infarct transmurality as schemati-
cally shown in FIG. 3A. Based on the rationale that 100%
transmurally infarcted myocardium most likely is not a loca-
tion where the stem cells are supplied with sufficient oxygen
and nutrients [2], and at regions with 0% transmurality there
is no use for stem cells, one may refer to the 50% infarct
transmurality area as viable tissue applicable for stem cell
therapy. Moreover, since the first evidence of cardiac regen-
eration was shown in the border zone, this may be applied as
a target area [2].

[0066] Clinical Implications

[0067] Incorrect injections of stem cells into the myocar-
dium might importantly restrain the success of cardiac regen-
erative therapy [7]. Therefore a technique that can accurately
identify the border zone is of great importance. The use of the
gold standard fibrosis imaging technique could facilitate
more accurate characterization of the complex 3D scar geom-
etry and thereby optimally guide injections to the infarct
border zone. Consequently this could lead to shorter injection
procedures, less necessity for the use of fluoroscopy to con-
firm the injection location, and less radiation for the patient
and the physician. Therefore real-time integration of LGE-
MRI during cardiac stem cell injection procedures could be a
key to harnessing the full therapeutic effects of cardiac stem
cell therapy. With the techniques disclosed herein, the param-
eters (such as perfusion, fibrosis, myocardial tissue tagging)
from a pre-procedural acquired MRI or other imaging modal-
ity (SPECT/CT) may be used to guide the stem cell injection
procedures. The techniques disclosed herein may make use of
standard MRI pre-processing techniques to drive routine use
in daily clinical practice, and ultimately helps to improve
cardiac function to a larger extent, and increase the patient’s
longevity.

[0068] FIG. 4 illustrates a bull’s eye plot 401 of a border
zone 402 of an infarcted area. FIG. 5 illustrates a 3-chamber
view with mesh. The same reference numerals have been used
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for the similar items in these figures. The border zone 402 is
a 1 cm wide border zone with 50% infarct transmurality.
Black dots 404 are the NOGA measurement points, white
circled dots 405 are 4 injection locations+the apex position.
ANT means anterior, POST means posterior, SEPT means
septal, LAT means lateral. RV=right ventricle, AO=Aorta.
The figure also shows an area 403 which is the infarct border
zone as targeted by the NOGA parameters: UV>7 mV and
LLS<=6%.

[0069] Using the techniques disclosed herein, it is possible
to perform real time registration of EMM and MRI data that
combines the high accuracy of the cardiac navigation with
detailed information obtained from MRI during cardiac stem
cell injection procedures. In future applications these fused
images can be used to optimize the injection locations further.
[0070] The present invention is not limited to the embodi-
ments described, butextends also to other embodiments with-
out departing from the scope and spirit of the invention as
defined by the appended claims, and their equivalents.
[0071] A method to provide guidance of intramyocardial
catheters during cardiac regenerative therapy for ischemic
heart disease to delivery locations, may comprise the follow-
ing steps of:

[0072] measuring of disease severity with previously
obtained 3D cardiac image;

[0073] generating target areas based on the infarct transmu-
rality, ischemia (tissue perfusion or viability) or myocardial
deformation; and

[0074] rendering the target areas in the navigation system
during operation.

[0075] The method may use 3D cardiac images derived
from MRI, CT, PET, SPECT or Echo, or a combination of
MRI and SPECT, for example.

[0076] Moreover, it is possible to perform specific render-
ing of no-go areas with high disease severity/thin myocar-
dium, for example.

[0077] Moreover, it is possible to render the target areas in
a polar distribution format.

[0078] Moreover, it is possible to perform automatic regis-
tration of the obtained 3D cardiac image to the navigation
system.

[0079] Moreover, it is possible to perform a step of receiv-
ing user input to provide characteristics to define the target
areas.

[0080] A system may be implemented to provide real-time
image guided (pre-) clinical stem cell injection comprising
means to guide an intramyocardial catheter to locations with
a distinct infarct transmurality, ischemia (tissue perfusion or
viability) or myocardial deformation. The system may com-
prise means to specify the definition of a border zone of the
diseased location.

[0081] FIG. 6 illustrates a method of processing an image.
The method comprises step 601 of determining a local dis-
ease severity measure based on a 3D dataset. Further, the
method comprises step 602 of determining a target region for
a treatment. Step 602 may be based on the local disease
severity measure, wherein the target region corresponds to a
transition region between a first region and a second region,
wherein the first region has values of the local disease severity
measure which are substantially distinct from the values of
the local disease severity measure in the second region. An
example of disease serverity measure is transmurality of an
infarct of the myocardium. Another example may be a signal
intensity of a properly measured signal. Further, the method
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comprises step 603 of registering at least the target region
with an interventional image modality. More regions may be
determined and registered, such as a 100% infarcted region
and/or a healthy region. Moreover, the MRI dataset may be
registered with the interventional image modality. For
example, the interventional image modality is an image
modality that is operative to be used during an electrome-
chanical mapping procedure or a fluoroscopy guided intet-
ventional imaging modality.

[0082] The local disease severity measure may be indica-
tive of a measure of a local disease severity at a location along
a surface of a myocardium. For example, the values relate to
an inner surface of the myocardium, where the catheter may
puncture the inside of the heart walls.

[0083] For example, the local disease severity measure is
indicative of a transmurality of an infarction of a myocardium
or of a local severity of ischemia. The transition zone may be
aborder zone of an infarcted region of the myocardium. Step
602 of determining the target region may comprise compar-
ing the local disease severity measure to a reference value.
The target region may comprise a region where the local
disease severity is equal to the reference value, a region where
the local disease severity is smaller than the reference value,
and a region where the local disease severity is larger than the
reference value.

[0084] The target region may correspond to a region com-
prising an isoline where the local disease severity is equal to
the reference value and a margin on both sides of the isoline.
That margin may have a predetermined width measured along
a surface of the myocardium, on both sides of the isoline.

[0085] Besides the target region, the method may comprise
a step of determining a no-go zone for intervention corre-
sponding to an area with a high local disease measure accord-
ing to a set of predetermined constraints. The high local
disease measure may be indicative of fully infarcted tissue.

[0086] The 3D dataset may comprise one or a combination
of an nuclear magnetic resonance dataset, a magnetic reso-
nance imaging dataset, a late gadolinium enhanced magnetic
resonance imaging dataset, a computed tomography dataset,
a PET dataset, a SPECT dataset, an echography dataset, and
a spectroscopy dataset. The 3D dataset may be a non-inter-
ventional image dataset. Moreover, the 3D dataset may be a
volume dataset comprising voxels representing intensity val-
ues of a measured parameter in three dimensions. As known
in the art, a volume dataset may comprise a plurality of slices,
each slice comprising a plurality of voxels.

[0087] The method of any preceding claim, wherein the
interventional image modality may comprise an interven-
tional navigation system. The method may comprise display-
ing the registered target region fused with an image of the
interventional image modality during an intervention. For
example, the method comprises displaying the registered tar-
get region in a bull’s eye plot format or a polar coordinate
system.

[0088] The interventional image modality may be config-
ured to generate fluoroscopy images, such as x-ray images
and/or surface data obtained from electromechanical map-
ping.

[0089] The method may further comprise step 604 of
directing a catheter onto the target region. This step may be
performed using the guiding technology of the EMM inter-
ventional device that is used. NOGA® XP and Carto are
examples of such devices. However, the catheter may also be
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directed manually to the target region by a clinician, using the
fused displayed target region and catheter position.

[0090] The may further comprise step 605 of injecting at
least one stem cell, or stem cell derived factors, or medication,
or biomaterials, or a combination thereof, into the target
region using the catheter. After the catheter has been guided
into the target region, the stem cells may be injected at the
selected location or locations within the target region.

[0091] Alternatively, step 605 of injecting a stem cell may
be replaced by a step of performing an ablation or performing
a biopsy in the target area using the catheter.

[0092] FIG. 7 illustrates a system comprising one or more
apparatuses enabling a clinical intervention. The system may
comprise a data processing unit 702. Parts of the system, in
particular the data processing unit 702, may be implemented
by means of a suitably programmed computer. The system
may also be implemented by means of dedicated electronic
circuitry. Moreover, the system may be configured to com-
municate with a 3D imaging modality 701 (such as MR, but
this is not a limitation), and an interventional imaging modal-
ity 706 and/or a catheter guiding unit 707 The system 702
may also be embedded in either of the 3D imaging modality
701, the interventional imaging modality 706, and/or the
catheter guiding unit 707. The interventional imaging modal-
ity 706 and the catheter guiding unit 707 may be an integrated
apparatus or may be separate systems.

[0093] In an embodiment, the interventional imaging
modality 706 comprises an MRI apparatus, configured to
acquire MRI datasets at one or more time points during the
intervention. For this purpose, the catheter may be an MRI
compatible catheter. It is possible that both the 3D dataset
acquired before the intervention, on the basis of which the
target region is determined, and the data from the interven-
tional image modality, comprise respective MRI datasets.

[0094] Also, the catheter guiding unit 707 may comprise a
tool to enable a clinician to manipulate the catheter, using the
displayed target region as a reference. It is not necessary that
the catheter is guided automatically by the system.

[0095] In an embodiment, the catheter guiding unit 707 is
configured to receive data indicative of the target region from
the data processing unit 702. The catheter guiding unit 707
may comprise control means (not shown) to automatically
guide the catheter towards the target region based on the
registered target region. The data processing unit 702 may
comprise a disease severity measurement determining unit
703 for determining a local disease severity measure based on
a 3D dataset. The data processing unit 702 may further com-
prise a target region determining unit 704 for determining a
target region for a treatment, based on the local disease sever-
ity measure wherein the target region corresponds to a tran-
sition region between a region with a low local disease sever-
ity measure and a region with a high local disease severity
measure. The data processing unit 702 may further comprise
a registering unit 705 for registering at least the target region
with an interventional image modality.

[0096] The system may further comprise a guiding unit 707
for controlling an intramyocardial catheter guiding apparatus
(not shown) to guide the catheter towards the target region
based on the registered target region.

[0097] The system may further comprise means (not
shown) to select a set of parameters to define a border zone of
the diseased location. This may be implemented by means of
a user interface.
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[0098] Ttwill be understood that the interventional imaging
modality 706 and the catheter guiding unit 707 constitute a
system for use in real-time image guided stem cell injection.
The guiding unit 707 may be configured for controlling an
intramyocardial catheter guiding apparatus to guide an
intramyocardial catheter to a location on a target region cor-
responding to a border zone of a diseased area according to
infarct transmurality, ischemia, or myocardial deformation.
[0099] It will be understood that the system may be imple-
mented by means of a controller programmed by software to
perform the steps disclosed in relation to the methods
described herein, such as the method disclosed in relation to
FIG. 6.

[0100] Some or all aspects of the invention may be suitable
for being implemented in form of software, in particular a
computer program product. Such computer program product
may comprise a storage media on which the software is
stored. Such a storage media may comprise, for example, an
optical disc, magnetic disk, or flash memory. Also, the com-
puter program may be represented by a signal, such as an
optic signal or an electro-magnetic signal, carried by a trans-
mission medium such as an optic fiber cable or the air. The
computer program may partly or entirely have the form of
source code, object code, or pseudo code, suitable for being
executed by a computer system. For example, the code may
be directly executable by one or more processors. Alterna-
tively, the code may be interpreted by an interpreter that is
executed by one or more processors. [t will be understood that
portions of the systems described herein may be implemented
in form of software. Moreover, the method steps described
herein may be implemented partially or completely in soft-
ware. The software may be organized by means of subrou-
tines. The subroutines may be combined to form a standalone
executable program. Alternatively, the subroutines may be
organized as a dynamically linkable library. A main program
executable file may be provided that uses the subroutines
from the dynamically linkable library. Each of the processing
steps and/or system components described herein may be
represented by executable code, be it in a dynamically linked
library or in an executable file. Some, or all, of the function-
ality may be implemented as part of an operating system,
some functionality may be implemented in a dynamically
linked library, and some functionality may be implemented as
an application programn file.

[0101] The examples and embodiments described herein
serve to illustrate rather than limit the invention. The person
skilled in the art will be able to design alternative embodi-
ments without departing from the scope of the claims. Refer-
ence signs placed in parentheses in the claims shall not be
interpreted to limit the scope of the claims. Items described as
separate entities in the claims or the description may be
implemented as a single hardware or software item combin-
ing the features of the items described.
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1. A method of processing an image, comprising

determining a local disease severity measure based on a

previously obtained 3D volume dataset;

determining a target region for a treatment, based on the

local disease severity measure, wherein the target region
corresponds to a transition region between a first region
and a second region, wherein the first region has values
of the local disease severity measure which are substan-
tially distinct from the values of the local disease sever-
ity measure in the second region; and

registering at least the target region with an interventional

image modality.

2. The method of claim 1, wherein said local disease sever-
ity measure is indicative of a measure of a local disease
severity at a location along a surface of a myocardium.

3. The method of claim 1, wherein the local disease severity
measure is indicative of a transmurality of an infarction of a
myocardium or of a local severity of ischemia.

4. The method of claim 3, wherein the transition zone is a
border zone of an infarcted region of the myocardium.

5. The method of claim 1, wherein said determining the
target region comprises comparing the local disease severity
measure to a reference value.

6. The method of claim 5, wherein the target region com-
prises a region where the local disease severity is equal to the
reference value, a region where the local disease severity is
smaller than the reference value, and a region where the local
disease severity is larger than the reference value.

7. The method of claim 4, wherein the target region corre-
sponds to a region comprising an isoline where the local
disease severity is equal to the reference value and a margin
on both sides of the isoline.

8. The method of claim 6, wherein the margin has a prede-
termined width measured along a surface of the myocardium,
on both sides of the isoline.

9. The method according to claim 1, further comprising
determining a no-go zone for intervention corresponding to
an area with a high local disease measure according to a set of
predetermined constraints.
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10. The method of claim 1, wherein the 3D dataset com-
prises one or a combination of a nuclear magnetic resonance
dataset, a magnetic resonance imaging dataset, a late gado-
linilum enhanced magnetic resonance imaging dataset, an
endogenous contrast MRI dataset wherein no contrast mate-
rials are used, a myocardial deformation MRI dataset, a com-
puted tomography dataset, a PET dataset, a SPECT dataset,
an echography dataset, and a spectroscopy dataset.

11. The method of claim 1, wherein the interventional
image modality comprises an interventional navigation sys-
tem.

12. The method of claim 1, wherein the interventional
image modality comprises a magnetic resonance imaging
modality, wherein the method comprises acquiring an inter-
ventional magnetic resonance imaging dataset while navigat-
ing the catheter inside a body, and wherein the step of regis-
tering comprises registering the target region with the
interventional magnetic resonance imaging dataset.

13. The method of claim 1, further comprising displaying
the registered target region fused with an image of the inter-
ventional image modality during an intervention, or display-
ing the registered target region in a bull’s eye plot format or a
polar coordinate system.

14. The method of claim 1, further comprising directing a
catheter onto the target region.

15. The method of claim 14, further comprising injecting at
least one stem cell, or stem cell derived factors, or medication,
or biomaterials, or a combination into the target region using
the catheter.
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16. The method of claim 14, further comprising perform-
ing an ablation or performing a biopsy in the target area using
the catheter.

17. A system for processing an image, comprising

a disease severity measurement determining unit for deter-
mining a local disease severity measure based on a 3D
dataset;

a target region determining unit for determining a target
region for a treatment, based on the local disease severity
measure wherein the target region corresponds to a tran-
sition region between a region with low values of the
local disease severity measure and a region with a high
values of the local disease severity measure, wherein the
low values are lower than the high values of the local
disease severity measure; and

a registering unit for registering at least the target region
with an interventional image modality.

18. The system of claim 17, further comprising a guiding
unit for controlling an intramyocardial catheter guiding appa-
ratus to guide the catheter towards the target region based on
the registered target region.

19. The system as described in claim 17, comprising means
to specify the definition of border zone of the diseased loca-
tion.

20. A system for use in real-time image guided stem cell
injection, the system comprising a guiding unit for control-
ling an intramyocardial catheter guiding apparatus to guide
an intramyocardial catheter to a location on a target region
corresponding to a border zone ofa diseased area according to
infarct transmurality, ischemia, or myocardial deformation.
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