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Description

FIELD OF THE INVENTION

[0001] The invention generally relates to image
processing and more particularly relates to a method and
a system for filtering image data. It also relates to appli-
cations of the method for suppressing tagged material in
virtual colonoscopy.

BACKGROUND OF THE INVENTION

[0002] Conventional endoscopic procedures typically
rely on the use of a flexible fiber optic tube which is in-
serted in the patient’s body to visually examine an inner
anatomical structure. The operator can then manipulate
the tube inside the anatomical structure to search for any
anatomical abnormalities.

[0003] Conventional colonoscopies using this proce-
dure, although reliable, are both costly in money and time.
Moreover, it is an invasive, uncomfortable and some-
times painful procedure for the patient.

[0004] Non-invasive procedures have been used to re-
duce at least one of the above mentioned drawbacks of
the invasive colonoscopic procedure.

[0005] These non-invasive procedures use imaging
techniques such as a computed tomography (CT) scan-
ning to obtain image data representative of the anatom-
ical structure to analyze. These procedures nevertheless
require a cathartic preparation of the patient for colon
cleansing prior to the exam.

[0006] To even reduce the discomfort felt by the pa-
tient, minimum cathartic preparation procedures that tag
liquid and solid fecal matter for subsequent virtual remov-
al using digital subtraction algorithms have been pro-
posed.

[0007] However, the imaging techniques used to ob-
tain the image data typically present a spatial resolution
which generates a blur at each anatomical interface.
[0008] Consequently, when removing the tagging ma-
terial, these algorithms may artificially smooth the surface
between the removed material and the colon’s inner wall
and polyps or other abnormalities present in the colon
may be inadvertently removed or wrongly reduced to an
acceptable level, which is a major concern.

[0009] These algorithms generally rely on image seg-
mentation by using a threshold adapted for characteriz-
ing the interfaces of the structure under analysis.
[0010] However, since the different anatomical struc-
tures may be very different from each other, a simple
threshold may not allow to conveniently segment a struc-
ture in a single pass. Indeed, soft tissues, bones and fat
tissues have different densities.

[0011] Inorderto take into consideration this great var-
iability of the structures, different techniques have been
used. For example, PCT international applications pub-
lished under publication numbers WO02008/089492,
W0O2007/064980 and WO02/029764 and US patent ap-
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plications published under publication numbers
2008/0118133 and 2008/0008367 teach various meth-
ods for electronic cleansing of medical images. However,
they still use a threshold for structure segmentation and
the resulting segmentation may still remain approximat-
ed for a plurality of unitary image elements. The interfac-
es between the different structures may then still be
smoothed. This may lead an operator to a wrong diag-
nosis, which is a major issue.

[0012] US patentnumber 6,366,800 describes a meth-
od for automatic analysis in virtual endoscopy. This meth-
od however also relies on segmentation techniques and
the resulting segmentation may still remain approximat-
ed.

[0013] It would therefore be desirable to provide an
improved method for electronic cleansing of medical im-
ages that will reduce at least one of the above-mentioned
drawbacks.

BRIEF SUMMARY

[0014] The main embodiments of the invention are de-
fined by the appended independent claims. The append-
ed dependent claims define further embodiments.
[0015] The method for filtering image datais not limited
to specific types of image data, which is of great advan-
tage. Moreover, the method does not rely on predeter-
mined rigorous values of the image data, which is also
of great advantage. The method may thus be used with
a wide variety of image data types and a wide variety of
scanning devices.

[0016] Moreover, the method for filtering image data
is well adapted for any anatomical structure comprising
at least two phases, such as the colon structure which
comprises an inner wall and a plurality of air regions and
fecal matter regions extending therein, which is also of
great advantage.

[0017] The skilled addressee will appreciate that for
the particular application of colon electronic cleansing,
the method enables to filter the tagged substance type
regions from the image data without artificially smoothing
the surface between the removed material and the co-
lon’s inner wall, which is of great advantage since it may
enable a more accurate colorectal cancer screening.
[0018] Moreover, since the method does not artificially
smooth any surfaces, the representation in 3D of any
potential lesion may be enhanced, particularly for flat le-
sions or small lesions having a size of about 3 to 4 mm,
which is also of great advantage for detecting potential
lesion at an early stage.

[0019] The skilled addressee will also appreciate that
the method does not rely on any a-priori or assumption
on the morphology of the tubular structure, which is also
of great advantage for providing an enhanced filtering.
[0020] The skilled addressee will also appreciate that
the method is particularly advantageous for enhancing
the 3D representation or the 2D representation of the
information contained within the raw image data since



3 EP 2 504 812 B1 4

the images have not to be segmented. This is a great
advantage since a given operator may choose the 2D
representation and/or the 3D representation to review
the images.

[0021] The skilled addressee will also appreciate that
the method may require shorter computational time for
providing the filtered images than typical segmenting
methods, which is also of great advantage.

[0022] The expression "region" means a set of neigh-
boring unitary image elements which are all contiguous
to each others in a same pocket. The regions may be in
2D or 3D, depending on the image data used.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] In order that the invention may be readily un-
derstood, embodiments of the invention are illustrated
by way of example in the accompanying drawings.

Figure 1 is a flow chart of a method for filtering image
data, according to one embodiment of the invention.

Figure 2 is a block diagram of one embodiment of a
system for filtering image data, according to the in-
vention.

Figure 3A shows a portion of filtered image data.

Figure 3B shows a 3D representation of a portion of
the image data of Figure 3A.

Figure 3C is a 3D representation of a colon of a pa-
tient.

Figure 4A is a schematic illustrating a sectional im-
age of a clean colon.

Figure 4B is a schematic of the intensity distribution
of the sectional image of Figure 4A.

Figure 5A is a schematic illustrating a sectional im-
age of a colon having tagged substance type re-
gions.

Figure 5B is a schematic of the intensity distribution
of the sectional image of Figure 5A.

Figure B6A is a schematic illustrating a sectional im-
age of a colon once filtered according to the method
illustrated in Figure 1.

Figure 6B is a schematic of the intensity distribution
of the sectional image of Figure 6A.

Figure 7 is a block diagram which shows an embod-
iment of a processing device in which the method
for filtering image data may be implemented.
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Figure 8A shows a selected portion of image data,
according to an embodiment.

Figure 8B shows filtered image data of the selected
portion shown in Figure 8A.

Figure 8C is an enlarged portion of Figure 8A.
Figure 8D is an enlarged portion of Figure 8B.

Figure 9 shows the intensity distribution of the se-
lected portion of Figure 8A.

Figure 10A to 10C illustrate a transposition process
according to one embodiment.

Figure 11 shows the resulting distribution of the se-
lected portion of Figure 8A once the filtering has been
performed, according to one embodiment.

Figure 12 shows a selected portion of image data,
according to an embodiment.

Figure 13 illustrates the intensity distribution of the
selected portion of image data of Figure 12.

Figure 14 shows filtered image data of the selected
portion shown in Figure 12.

Figure 15 shows the resulting distribution of the se-
lected portion of Figure 12 once the filtering has been
performed, according to one embodiment.

[0024] Further details of the invention and its advan-
tages will be apparent from the detailed description in-

cluded below.

DETAILED DESCRIPTION

[0025] Inthe following description of the embodiments,
references to the accompanying drawings are by way of
illustration of examples by which the invention may be
practiced. It will be understood that various other embod-
iments may be made and used without departing from
the scope of the invention disclosed.

[0026] The invention concerns a method and a system
for filtering image data that are particularly useful for fil-
tering medical images. Throughout the present descrip-
tion, the method will be described for the particular ap-
plication of electronic colon cleansing in virtual colonos-
copy but the skilled addressee will appreciate that the
method is not limited to this specific application and that
many other applications may be considered, as it will
become apparent upon reading of the present descrip-
tion.

[0027] The method for filtering image data of the in-
vention may be generally useful for facilitating the sub-
sequent segmentation of an anatomical structure but is
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also well adapted for anatomical structure comprising at
least two phases, such as the colon structure which com-
prises an inner wall and a plurality of air regions and fecal
matter regions extending therein.

[0028] As it will become apparent below, in one em-
bodiment, the method for filtering image data may be
useful for examination of the colon, more specifically for
colorectal cancer screening.

[0029] The method is particularly advantageous since
it is not limited to specific types of image data. Rather,
the method may be used on different types of image data
sets, as it will become apparent upon reading of the
present description.

[0030] Indeed, the skilled addressee will appreciate
that the system and the method described above are
particularly advantageous since they may be used with
prepless CT colonoscopy, laxative free CT colonoscopy,
mild preparation CT colonoscopy with tagging agent and
cathartic preparation with tagging of remnant flu-
ids/stools for CT colonoscopy as non limitative examples.
[0031] Prepless CT colonoscopy is described in Com-
parison of routine and unprepped CT colonography aug-
mented by low fiber diet and stool tagging: a pilot study,
Abraham H. Dachman and al., Abdom Imaging (2007)
32:96-104; in CT Colonography without Cathartic Prep-
aration: Feasibility Study, Matthew R. Callstrom, Radiol-
ogy 2001;219:693-698 and also in CAD of Colon Cancer
on CT Colonography Cases without Cathartic Bowel
Preparation, Marius George Linguraru and al., 30th An-
nual International IEEE EMBS Conference Vancouver,
British Columbia, Canada, August 20-24, 2008. Laxative
free CT colonoscopy is described in Development of a
Cathartic-Free Colorectal Cancer Screening Test Using
Virtual Colonoscopy: A Feasibility Study, Kristina T.
Johnson, AJR:188, January 2007, p2936; in Dietary Fe-
cal Tagging as a Cleansing Method before CT Colonog-
raphy: Initial Results-Polyp Detection and Patient
Acceptance1, Philippe A. Lefere, Radiology 2002;
224:393-403; and in Noncathartic CT Colonography with
Stool Tagging: Performance With and Without Electronic
Stool Subtraction, C. Daniel Johnson, AJR:190, Febru-
ary 2008, p361-366. Mild preparation CT colonoscopy
with tagging agent is described in Image Quality and Pa-
tient Acceptance of Four Regimens with Different
Amounts of Mild Laxatives for CT Colonography, Sebas-
tiaan Jensch and al., AJR:191, July 2008, p158-167. Ca-
thartic preparation with tagging of remnant fluids/stools
for CT colonoscopy is described in Efficacy of Barium-
Based Fecal Tagging for CT Colonography: a Compari-
son between the Use of High and Low Density Barium
Suspensions in a Korean Population - a Preliminary
Study, Min Ju Kim and al., Korean J Radiol 10(1), Feb-
ruary 2009, p25-33; in The Alternative: Faecal Tagging,
Philippe Lefere and Stefaan Gryspeerdt, Virtual Colon-
oscopy, Springer Berlin Heidelberg, 2006, p35-49; and
in Tagging-based, Electronically Cleansed CT Colonog-
raphy: Evaluation of Patient Comfort and Image Reada-
bility, Michael E. Zalis, and al., Radiology: Volume 239:
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Number 1-April 2006, p149-159.

[0032] The skilled addressee will appreciate that lax-
ative-free preparations may involve the use of lodine that
may have a potential laxative side-effect but may provide
better residual tagging than barium only tagging prepa-
rations.

[0033] Moreover, the skilled addressee will appreciate
that the disclosed method may enable to filterimage data
in a relative fast manner, depending on processing re-
sources used.

[0034] Indeed, typically, such filtering method may be
performed within 5 minutes on a Intel dual-core CPU, in
one embodiment.

[0035] Current state-of-the-art methods typically re-
quire over 15 minutes, as presented in "Structure-anal-
ysis method for electronic cleansing in cathartic and non-
cathartic CT colonography”, Wenli Cai and al.,
Med.Phys. 35(7), July 2008 p3259-3277, wherein elec-
tronic cleansing is described as requiring approximately
30 minutes for the CTC images from a scan of a patient
on a standard PC. In other words, one hour will be typi-
cally required for a complete CTC exam that includes 2
scans, namely the prone and the supine scans.

[0036] Figure 5A illustrates the image data of an ana-
tomical structure, more specifically a portion of a colon
500, having at least three types of distinct region, that is
a biological tissues type region 502, an air type region
504 and two tagged substance type regions 506, 508
corresponding to tagged fecal matter, also generally re-
ferred to as the first substance type region, the second
substance type region and the third substance type re-
gion.

[0037] Throughoutthe presentdescription, the expres-
sion "region" means a set of neighboring unitary image
elements which are all contiguous to each others in a
same pocket. The regions may be in 2D or 3D, depending
ontheimage data used, as it willbecome apparentbelow.
[0038] Moreover, by the expression "biological tissues
type region", it is meant any portion of anatomical struc-
tures comprising soft tissues, fat, bones, connective tis-
sues, nervous tissues, epithelial tissues and muscles as
non-limitative examples. The skilled addressee will ap-
preciate that in the specific case of colon examination,
the biological tissues also comprise the mucosa of the
colon.

[0039] ReferringtoFigure 1, thereis shown aflow chart
of a method for filtering image data according to one em-
bodiment. The method enables tofilterimage data having
at least three types of distinct regions from a selected
type of region, each of the at least three types of distinct
regions being characterized by a plurality of unitary im-
age elements. In one embodiment, each of the unitary
image element comprises a pixel while in another em-
bodiment, each of the unitary image element comprise
a voxel. The skilled addressee will appreciate that the
expression "unitary image elements" should not be lim-
ited to pixels and voxels but should rather be understood
as encompassing any homogenous element, point or dot
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of an image or display surface or geometrical element to
which an intensity, a color or another parameter may be
associated individually to the others.

[0040] The skilled addressee will appreciate that for
the particular application of electronic colon cleansing,
the method enables to filter the tagged substance type
regions from the image data, which is of great advantage,
as it will be understood thereinafter.

[0041] According to processing step 100, the image
data are provided. The image data may comprise, as
non-limitative examples, a volumetric medical image, a
volumetric tomographic image and/or a plurality of par-
allel successive image planes, as well known in the art
and as detailed thereinafter.

[0042] In one embodiment, the processing step 100
may comprises receiving the image data from a CT scan-
ning device.

[0043] In one embodiment, the image data may be re-
ceived from a magnetic resonance imaging (MRI) device.
Alternatively, the processing step 100 may comprise re-
ceiving the image data from a positron emission tomog-
raphy (PET) device. In another embodiment, the image
data may be received from an X-Rays device. In still an-
other embodiment, the image data may be received from
an ultrasound device or any combination of the above
mentioned devices.

[0044] In a further embodiment, the image data may
be retrieved from a database or may even be retrieved
from a readable medium such as a compact disk or a
picture archiving and communication system (PACS) for
instance.

[0045] Still referring to Figure 1, according to process-
ing step 110, a portion of the image data comprising at
least a corresponding portion of each of the at least three
types of regions is selected.

[0046] In one embodiment, the selected portion of the
image data comprises a corresponding region of the se-
lected type of region, that is an entire tagged substance
type region, such as region 508 of Figure 5 for example.
In a preferred embodiment, a typical region growing is
used for selecting the entire region.

[0047] The skilled addressee will appreciate that, in
prior art applications of region growing, the unitary image
elements of a same region are grouped according to an
iterative process based on their homogeneity, to thereby
segment the selected portion of the image data into dis-
tinct zones of interest. In these prior art applications, the
region growing is used to extract one particular region
from the others.

[0048] Forexample,in US patentapplication published
under number US 2002/0193687 and entitled Automatic
analysis in virtual endoscopy, the region growing is ex-
plained as follows: the region of interest is segmented
using a three-dimensional region growing technique and
an initial static threshold value. The threshold value cho-
sen should approach the maximum threshold value
which can be selected without having the segmentation
procedure fail by including surrounding structures as part
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of the region of interest.

[0049] The skilled addressee will understand upon
reading of the present description that in the present ap-
plication, the region growings are not used for purpose
of segmenting an image into distinct zones of interest in
order to extract a particular region. Rather, the region
growings are used to select a part of an image surround-
ing a corresponding portion thereof. As previously de-
scribed, the resulting area obtained from the region grow-
ing should comprise portions of several types of region.
[0050] In a further embodiment, the processing step
110 may further comprise selecting one of the regions
and selecting an immediate neighboring thereof until a
resulting area comprises the at least three types of re-
gions. In a preferred embodiment, the selected immedi-
ate neighboring comprises portions of neighboring re-
gions which are not of the same type of the selected
region.

[0051] Moreover, still in a preferred embodiment, the
immediate neighboring is selected until the resulting area
comprises a representative portion of each of the at least
three types of regions.

[0052] In other words, in a preferred embodiment, a
tagged substance type region is first selected, and then
the immediate neighboring is selected until the entire se-
lected tagged substance type region is included in the
resulting area and until the resulting area also comprises
a portion of an air type region and a portion of a biological
tissues type region. In a preferred embodiment, each of
the portions of the different regions comprised in the re-
sulting area may be large enough so as to be represent-
ative of the corresponding regions, as it will be under-
stood thereinafter.

[0053] It should nevertheless be appreciated that, in
one embodiment, the immediate neighboring selected
may not comprise another region of the same type that
the region of interest nor bones since these regions may
affect the corresponding distributions.

[0054] The skilled addressee will appreciate that the
selecting of animmediate neighboring may be performed
on volumetric image data. Thus, it should be understood
that the resulting area may be a three dimensional vol-
ume obtained on a plurality of consecutive two dimen-
sional images, as it will be explained below.

[0055] Still referring to Figure 1, according to process-
ing step 120, at least one distribution for each of the at
least three types of regions in the selected portion is de-
termined.

[0056] In one embodiment, the determining of at least
one distribution comprises determining an intensity dis-
tribution of a representative part of the unitary image el-
ements corresponding to the selected portion. In a further
embodiment, each of the unitary image elements corre-
sponding to the selected portion may be considered.
However, selecting a representative part only may be
advantageous since it may help and/or speed up the sub-
sequent processing, as it will become apparent therein-
after. For example, the unitary image elements whose
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intensity is above a given value may be selected.
[0057] Figure 5B schematically shows the intensity dis-
tribution of the image data shown in Figure 5A. As illus-
trated, the intensity distribution comprises a first peak
510 corresponding to the air type region 504, a second
peak 512 corresponding to the biological tissues type
region 502 and a third peak 514 corresponding to the
tagged substance type regions 506 and 508.

[0058] In another embodiment, the determining of at
least one distribution comprises determining a gradient
distribution of a representative part of the unitary image
elements corresponding to the selected portion. As pre-
viously mentioned, in one embodiment, each of the uni-
tary image elements corresponding to the selected por-
tion may be considered.

[0059] In another embodiment, the determining of at
least one distribution comprises determining an intensity
derivative distribution of a representative part of the uni-
tary image elements corresponding to the selected por-
tion. As previously mentioned, in one embodiment, each
of the unitary image elements corresponding to the se-
lected portion may be considered.

[0060] In a further embodiment, the determining of at
least one distribution may comprise determining a plu-
rality of distributions. In such a case and according to a
specific application, the plurality of distributions may be
selected from the group consisting of an intensity distri-
bution of a representative part of the corresponding uni-
tary image elements, a gradient distribution of a repre-
sentative part of the corresponding unitary image ele-
ments and an intensity derivative distribution of a repre-
sentative part of the corresponding unitary image ele-
ments. The skilled addressee will appreciate that using
a plurality of distributions may be advantageous in par-
ticular cases, as described in "Multidimensional transfer
functions for interactive volume rendering”, Kniss, J.
Kindlmann, G. Hansen, C. Sci. Comput. & Image Inst.,
Utah Univ., Salt Lake City, UT; Visualization and Com-
puter Graphics, IEEE Transactions on Publication Date:
Jul-Sep 2002 Volume: 8, Issue: 3p 270-285. Still referring
to Figure 1, according to processing step 130, at least
one function is determined for associating each unitary
image element of the selected type of region in the se-
lected portion to another type of region of the at least
three types of regions such that the at least one distribu-
tion of the selected type of regions in the selected portion
is transposed into a corresponding distribution of the an-
other type of region.

[0061] Forthe example of tagged material removal for
virtual colonoscopy, the function that is determined is a
function that allows to transpose the intensity distribution
of the tagged regions into the intensity distribution of the
air substance type region, as it will become apparent be-
low with reference to Figures 5A to 6B.

[0062] As previously mentioned, in processing step
110, in a preferred embodiment, each of the portions of
the different regions comprised in the resulting area may
be large enough so as to be representative of the corre-
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sponding regions. Indeed, the skilled addressee will ap-
preciate that the anatomical structures may typically be
represented by a corresponding distribution having a typ-
ical predetermined shape, such as a Gaussian shape for
example. Thus, the resulting area may be enlarged until
a predetermined function such as a Gaussian function
forinstance may be suitably fitted onto the corresponding
distribution.

[0063] In a preferred embodiment, in processing step
110, the determining of at least one function comprises
determining an initial approximating function for approx-
imating the corresponding distribution and determining
atransposition function adapted for transposing the initial
approximating function into the corresponding distribu-
tion of the another type of region.

[0064] In a preferred embodiment, the initial approxi-
mating may be determined such as described in
Weisstein, Eric W. "Nonlinear Least Squares Fitting",
from MathWorld--A Wolfram Web Resource, or Bates,
D. M. and Watts, D. G., Nonlinear Regression and lIts
Applications. New York: Wiley, 198 or even An estimate
of ¢ and w yields from the 2000 run, Mihajlo Kornicer,
Richard T. Jones, University of Connecticut, Storrs, CT,
March 19, 2001.

[0065] In the embodiment shown in Figure 5B, the in-
itial approximating function 516 is determined for approx-
imating the peak 514. An illustrative embodiment may be
found in The QtiPlot Handbook, Chapter 6, Analysis of
data and curves, Multi-Peaks fitting, 2009, lon Vasilief.
[0066] Still in a preferred embodiment, in processing
step 110, an additional initial approximating function is
determined for approximating the distribution of the an-
other type of region.

[0067] In the embodiment shown in Figure 5B, the in-
itial approximating function is determined for approximat-
ing the peak 510.

[0068] Still in a preferred embodiment, the applying of
the at least one function comprises applying the trans-
position function to thereby transpose the initial approx-
imating function into the additional initial approximating
function.

[0069] In one embodiment, each of the initial approxi-
mating function and the additional initial approximating
function is selected from the group consisting of a lapla-
cian function and a gaussian function.

[0070] The skilled addressee will appreciate that, in
another embodiment, the determining of at least one
function may comprise applying a Fourier transformation
to the at least one distribution.

[0071] The skilled addressee will also appreciate that,
in another embodiment, the determining of at least one
function may comprise applying a parametric law to the
at least one distribution. In one embodiment, the para-
metric law may be a quadratic law.

[0072] Details of such embodiments may be made ob-
vious to someone skilled in the art by reading "Numerical
Analysis for Chemical Engineers", Nikos Drakos, Com-
puter Based Learning Unit, University of Leeds. & Ross
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Moore, Mathematics Department, Macquarie University,
Sydney.

[0073] Still referring to Figure 1, according to process-
ing step 140, the at least one function is applied to each
unitary image element of the selected type of region of
the selected portion to thereby provide filtered image da-
ta.

[0074] Inotherwords, the determined atleast one func-
tion is used to assign, in the filtered image data, another
value to each of the unitary image elements of the se-
lected type of region, as it will be more detailed below.
[0075] For the application of tagged material removal
for virtual colonoscopy, once the at least one function is
determined, the skilled addressee will appreciate that the
distribution of the selected type of region, i.e. the tagged
region, is transposed or fitted onto the distribution of the
air type regions, to thereby remove the tagged region in
the filtered image data.

[0076] As previously described, Figure 5A illustrates
the image data of a portion of a colon 500, the image
data comprising a biological tissues type region 502, an
air type region 504 and two tagged substance type re-
gions 506, 508 while Figure 5B schematically shows the
intensity distribution of the image data shown in Figure
5A. The intensity distribution comprises a first peak 510
corresponding to the air type region 504, a second peak
512 corresponding to the biological tissues type region
502 and a third peak 514 corresponding to the tagged
substance type regions 506, 508.

[0077] Figure 6B shows the intensity distribution of the
selected portion of the image data in the filtered image
data once the at least one function has been applied to
each of the unitaryimage elements of the selected portion
of the original image data. In the illustrated case, the
skilled addressee will appreciate that the third peak 514
corresponding to the tagged substance regions 506, 508
has been transposed onto the first peak 510 correspond-
ing to the air type region 504.

[0078] The skilled addressee will appreciate that the
term "transpose" should be understood such as in the
musical meaning, i.e. to reproduce in a different key, by
raising or lowering in pitch or, in other words, to perform
a piece of music in a key other than the one in which it
is written.

[0079] Figure 6A shows the filtered image data once
the processing step 140 has been performed. As illus-
trated, the two tagged substance type regions 506, 508
appearing in the original image data have been removed
from the filtered image data. The values of the unitary
image elements of these regions have been transposed
so as to correspond to the values of the air type region
504.

[0080] The skilled addressee will thus appreciate that
the above-described method allows to perform an elec-
tronic cleansing of the colon by suppressing tagged ma-
terial. The filtered image data obtained with the method
provide a representation of the colon without the tagged
regions, similarly to a clean colon as the one shown in
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Figure 4A.

[0081] The skilled addressee will also appreciate that
thefiltering of the tagged regions is obtained without seg-
menting any regions, which is of great advantage. In-
deed, the method disclosed may be used as a pre-
processing step prior to a subsequent processing such
as a structure segmentation for example. In this case,
the skilled addressee will appreciate that it is particularly
advantageous to provide filtered image data that have
not been segmented prior to the subsequent processing.
[0082] Figure 8Ashows anexemplary selected portion
800 of the image data. The selected portion 800 is a 3D
portion and comprises each of the at least three types of
regions, that is a tagged type regions 802, an air type
region 804 and another region corresponding to a bio-
logical tissue type region 806.

[0083] Figure 8B shows the filtered image 810 ob-
tained with the above described method for filtering im-
age data. The skilled addressee will appreciate that the
tagged type region 802 has been filtered and replaced
with an air type region.

[0084] Figure 8C shows an enlarged portion of Figure
8A comprising the tagged type region 802 while Figure
8D shows the same enlarged portion once the filtering
has been done. The skilled addressee will appreciate
that the interface between the tagged type region 802
and the biological tissue type region 806 has not been
modified nor altered, which is of great advantage for de-
tecting small lesions, as mentioned above.

[0085] Figure 9 shows the intensity distribution of the
selected portion 800 of the image data shown in Figure
8A. As illustrated, the intensity distribution comprises a
first peak 910 corresponding to the air type region 804,
a second peak 912 corresponding to the biological tis-
sues type region 806 and a third peak 914 corresponding
to the tagged substance type region 802.

[0086] According to an embodiment of the method for
filtering image data previously described, an intensity dis-
tribution is determined for each of the three types of re-
gions in the selected portion. The skilled addressee will
appreciate that in the case of virtual colonoscopy, the
method may be implemented for a plurality of selected
portions of the image data in order to filter each of the
tagged type regions in the image data.

[0087] Therefore, an intensity distribution is deter-
mined for each tagged type region, each of these intensity
distributions being specific to each tagged type region.
Similarly, an intensity distribution is determined for each
air type region, each of these intensity distributions being
specific to each air type region.

[0088] In one embodiment, each distribution of each
air type region may be cumulated in order to provide a
representative general distribution of the air type regions
specific to the image data of a given patient. At this point,
in this embodiment, each distribution of each tagged type
region of the image data may be transposed into the rep-
resentative general distribution of the air type region.
[0089] In a further embodiment, each distribution of
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each biological tissue type region may be cumulated in
order to provide a representative general distribution of
the biological tissue type regions specific to the image
data of a given patient.

[0090] The skilled addressee will nevertheless appre-
ciate that, in a preferred embodiment, the method for
filtering image data relies on the specific distribution of
each given region.

[0091] In one embodiment, each specific distribution
of the air type regions and the tagged type regions may
be compared to the respective corresponding represent-
ative general distributions. In the case a given specific
distribution seems to be not representative, i.e. the spe-
cific distribution greatly differs from the corresponding
general distribution, various techniques may be consid-
ered.

[0092] In one embodiment, the representative general
distribution may be used in place of the specific distribu-
tion.

[0093] In another embodiment, the corresponding se-
lected portion of the image data may be enlarged in order
to increase the statistical information contained therein.
This enlarging may be performed until the specific distri-
bution seems to be representative, compared to the cor-
responding representative general distribution.

[0094] In the case the specific distribution still greatly
differs from the representative general distribution and/or
the selected portion of the image data may not be en-
larged anymore, the representative general distribution
may be used.

[0095] Inoneembodiment, predetermined general dis-
tributions may be used in the case the corresponding
representative general distribution may not be obtained.
[0096] The skilled addressee will appreciate that, in a
preferred embodiment, the representative general distri-
butions of the air type regions and biological tissue type
regions may be used.

[0097] Once the distributions have been determined in
the selected portion of the image data, the distribution of
the tagged type region is transposed into the distribution
of the air type region.

[0098] Referring again to Figure 9, each unitary image
element whose intensity is above Mtag is considered to
extend in a tagged region. Each unitary image element
whose intensity is comprised below Stag and above Sfat
is considered to extend proximate to an interface be-
tween a tagged type region and the mucosa of the colon.
[0099] Figures 10A to 10C show how the distribution
corresponding to a tagged type region is transposed into
the distribution corresponding to an air type region. The
skilled addressee will appreciate that Mfat may be used
as a pivot for performing the transposition although other
arrangements may be considered.

[0100] Figure 11 shows the resulting distribution once
the distribution of the tagged type region has been trans-
posed into the distribution of the air type region. The
skilled addressee will appreciate that in Figure 11, the
properties of the air distribution and the biological tissue
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distribution have been preserved during the transposition
process. In other words, in the case of Gaussian func-
tions, the standard deviations of each distribution are the
same as the ones of Figure 9.

[0101] Itis worth mentioning thatin the above example,
gaussian functions have been chosen but other types of
functions may be considered. Moreover, evenin the case
of a Gaussian function, other properties than sigma (Stag
for example) and mu (Mtag for example) may be chosen
to perform the transposition. The skilled addressee will
also appreciate that others parameters allowing to char-
acterize the distributions may be used.

[0102] The skilled addressee will also appreciate that
in the above described example, the transposition may
be considered as a process based on the relative con-
nectivity of the elements. Indeed, a unitary image ele-
ment representing a biological tissue type region which
is not connected to a tagged type region will not be trans-
posed.

[0103] Figures 12to 15 more clearly illustrates how the
transposition may be performed, in one embodiment.
[0104] Referring to Figures 12 and 13, there is shown
a selected portion of the image data and the correspond-
ing intensity distribution. In this illustrative example, the
gray continuous arrows depict the contribution of ele-
ments connected to the region of interest to the overall
local distribution and that should be transposed. These
elements comprise the interfaces between an air type
region and a tagged type region and the interfaces be-
tween the mucosa of the colon and a tagged type region.
The black dashed arrows depict the contribution of ele-
ments that are not connected to the region of interest and
that should not be transposed but nevertheless remain
of great interest for describing the surrounding environ-
ment. These elements comprise the surrounding biolog-
ical tissues.

[0105] Figures 14 and 15 show the filtered image data
once the transposition has been performed and the cor-
responding intensity distribution. It is worth noting that
the tagged type region has been transposed while the
elements not connected to the region of interest to be
transposed have not been transposed and thus remain
unchanged. This is clearly illustrated in Figures 14 and
15. The skilled addressee will appreciate that the distri-
bution of the overall transposed portion of the image sub-
stantially depicts the same characteristics, but one can
realize that there is an attenuation due to the transposi-
tion of the relevant elements.

[0106] The skilled addressee will thus appreciate that
the relations between the different elements, i.e. their
relative connectivity, are taken into consideration during
the transposition.

[0107] Moreover, the skilled addressee will also appre-
ciate that in the above described example, the transpo-
sitionis performed according to alinear model but various
other model may be considered to perform the transpo-
sition.

[0108] In one embodiment, the method for filtering im-
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age data may further comprises displaying the filtered
image data. Inthe case the image data are representative
of a portion of a colon, the method for filtering image data
further comprises displaying a three dimensional render-
ing of the portion of the colon. Figures 3A and 3B respec-
tively show a portion of the image data 300 as well as a
three dimensional rendering 302 of the portion of the co-
lon illustrated in Figure 3C.

[0109] In one embodiment, the method for filtering im-
age data may further comprise providing the filtered im-
age data to a volume rendering engine for 3D visualiza-
tion.

[0110] In one embodiment, the method for filtering im-
age data further comprises providing the filtered image
data to a computer-aided detection unit for abnormalities
detection, as detailed thereinafter.

[0111] The skilled addressee will appreciate that the
method for filtering image data as previously described
may be particularly useful as a pre-processing step prior
to perform a virtual colonoscopy but other types of en-
doscopies may also be considered. It should therefore
be understood that the filtering method described above
is not limited to the applications of colon image filtering
but is rather directed to a general filtering method well
adapted for anatomical structures comprising at least two
phases. For non-limitative examples, the method may be
useful for examination of abdominal aneurysms and neu-
ro aneurysms.

[0112] The skilled addressee will also appreciate that
the described filtering method is not limited to applica-
tions of examination of different human anatomical struc-
tures or animal anatomical structures. Indeed, it may also
be applied to any type of image, including single 2D im-
age, in order to perform an image filtering or image cor-
rection. For example, the method may be used for en-
closed object examination for which a real visual inspec-
tion may not be performed. It may also be useful for fil-
tering satellite images and radarimages as non-limitative
examples.

[0113] According to another aspect, there is also pro-
vided a system for filtering image data having at least
three types of distinct regions from a selected type of
region, each of the at least three types of distinct regions
being characterized by a plurality of unitary image ele-
ments.

[0114] ReferringtoFigure 2, the system 200 comprises
a data receiving unit 202 for receiving the image data
204 and a selecting unit 206 operatively coupled to the
datareceiving unit 202 for selecting a portion of the image
data 204 comprising at least a corresponding portion of
each of the at least three types of regions and providing
a selected portion 208 of the image data 204.

[0115] In one embodiment, the system 200 may com-
prise a user interface 210 operatively connected to the
selecting unit 206 for providing selection parameters 212
to thereby select the portion 208 of the image data 204.
In a preferred embodiment, the portion 208 of the image
data 204 is selected automatically, without user’s inter-
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vention.

[0116] An exemplary method for such automatic proc-
ess has been described in "Automated seed placement
for colon segmentation in computed tomography
colonography”, Academic Radiology, Volume 12, Issue
2, Pages 182-190 G.lordanescu, P.Pickhardt, J.Choi,
R.Summers February 2005, and in "Automatic segmen-
tation of the colon for virtual colonoscopy", Computerized
Medical Imaging and Graphics Volume 24, Issue 1, Feb-
ruary 2000, Pages 1-9, C. L. Wyatt, Y. Ge and D. J. Vin-
ing.

[0117] Still referring to Figure 2, the system 200 com-
prises a distribution determining unit 214 operatively cou-
pled to at least one of the selecting unit 206 and the data
receiving unit 202 for determining at least one distribution
for each of the at least three types of regions in the se-
lected portion 208 and providing at least one determined
distribution, i.e. the distribution data 216, for each of the
at least three types of regions in the selected portion 208.
[0118] In one embodiment, the user interface 210 is
operatively connected to the distribution determining unit
214 and is used for providing distribution parameters 218
thereto. The distribution parameters 218 may comprise,
in one embodiment, a number and a type of distributions
to determine, as described above. In a preferred embod-
iment, the distribution parameters 218 are predetermined
and the at least one distribution is then determined au-
tomatically, without user’s intervention.

[0119] The system 200 further comprises a function
determining unit 220 operatively coupled to the distribu-
tion determining unit 214 for determining at least one
function for associating each unitary image element of
the selected type of region in the selected portion 208 to
another type of region of the atleast three types of regions
such that the at least one determined distribution of the
selected type of regions in the selected portion 208 is
transposed into a corresponding distribution of the an-
other type of region.

[0120] The function determining unit 220 receives the
distribution data 216 from the distribution determining
unit 214 and provides function data 222 in response
thereto.

[0121] In one embodiment, the function determining
unit 220 may be operatively connected to the user inter-
face 210 for receiving function parameters 224 such as,
in one embodiment, a number and a type of function to
determine. In a preferred embodiment, the function pa-
rameters 224 are predetermined and the function is then
determined automatically, without user’s intervention.
[0122] In a preferred embodiment, the function deter-
mining unit 220 comprises a module (not shown) for de-
termining an initial approximating function to approxi-
mate the corresponding distribution and a module (not
shown) for determining a transposition function adapted
to transpose the initial approximating function into the
corresponding distribution of the another type of region.
[0123] Stillin a preferred embodiment, the function de-
termining unit 220 comprises a module (not shown) for
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determining an additional initial approximating function
to approximate the distribution of the another type of re-
gion.

[0124] The system 200 also comprises a filtering unit
226 operatively coupled to the function determining unit
220 for applying the at least one function to each unitary
image element of the selected type of region of the se-
lected portion 208 to thereby provide filtered image data
228.

[0125] The filtering unit 226 receives the function data
222 from the function determining unit 220 and the image
data 204 from the data receiving unit 202 and then pro-
vides the filtered image data 228 in response thereto.
[0126] In a preferred embodiment, the function data
222 comprises transposition function data and the filter-
ing unit 226 applies the received transposition function
to thereby transpose the initial approximating function
into the additional initial approximating function, as pre-
viously explained.

[0127] In one embodiment, the filtering unit 226 may
be operatively connected to the user interface 210 for
receiving filtering parameters 230. In a preferred embod-
iment, the filtering parameters 230 are predetermined
and the determined function is applied automatically,
without user’s intervention.

[0128] The skilled addressee will appreciate that, in
one embodiment, the system may be entirely automated.
In this case, the predetermined parameters may com-
prise the number of types of distinct regions, three in an
exemplary embodiment, and parameters concerning the
distribution of each type of distinct regions, a Gaussian
shape in an exemplary embodiment. Stillin an exemplary
embodiment and according to the type of image used, a
predetermined mean value may be assigned for each
Gaussian initial approximating function. For example, for
images obtained by "CT scan Rx", the mean value may
be -800Hu for an air type region, +300Hu for a tagged
substance type region and +50Hu for the remaining re-
gions, i.e. the biological tissues. The skilled addressee
will appreciate that various other arrangements may be
considered.

[0129] Still referring to Figure 2, in one embodiment,
the system 200 may further comprises an optional display
unit 240 operatively coupled to the filtering unit 226 for
displaying the filtered image data 228 to the user. In a
further embodiment, the display unit 240 may be con-
nected to the user interface 210 for receiving display pa-
rameters 242.

[0130] In another further embodiment, the system 200
further comprises a transmitting unit 250 coupled to the
filtering unit 226 for transmitting the filtered image data
228 either to a computer-aided detection unit 260 for ab-
normalities detection or to a computer-aided diagnosis
unit (not shown) for abnormalities diagnosis. The trans-
mitting unit 250 may comprise a wireless module (not
shown) for providing a wireless transmission of the fil-
tered image data 228. The skilled addressee will appre-
ciate that the filteredimage data may be transmitted using
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the wireless module according to various protocols with-
out departing from the scope of this application. The
skilled addressee will also appreciate that a wired trans-
mission as well as an internet transmission may be used.
[0131] The system for filtering image data as previous-
ly described is of great advantage since it may allow a
remote processing of the image data. Indeed, the image
data may be acquired at the clinic or the hospital
equipped with imaging devices, sent via a public network
to a remote processing center and processed at the
processing center. The filtered image data may then be
sent to the hospital for a visual analysis by a doctor.
[0132] Alternatively, the skilled addressee will appre-
ciate that the system for filtering image data may be in-
tegrated to the imaging device or be operatively connect-
ed thereto.

[0133] As previously mentioned, the system for filtering
image data may be particularly useful for suppressing
tagged material in virtual colonoscopies.

[0134] The skilled addressee will also appreciate that,
in one embodiment, the method for filtering image data
may be embedded in a computer program running on a
processing device. The computer program may comprise
instructions recorded on a machine readable medium for
performing the above-described method for filtering im-
age data.

[0135] According to another aspect, there is also pro-
vided a method of doing business in filtering image data
according to the method for filtering image data previ-
ously described, wherein the image data are filtered for
a fee.

[0136] According to another aspect, there is also pro-
vided a method of doing business in filtering image data,
the method comprising receiving the image data; per-
forming the method for filtering image data as previously
described; and providing the filtered image for a fee.
[0137] According to another aspect, there is also pro-
vided a method of doing business in filtering image data,
the method comprising providing by a provider a system
for filtering image data as previously described to a third
party; operating the system, wherein the operating is
done by a third party for a fee; and reconveying by the
third party at least a portion of the fee to the provider.
[0138] According to another aspect, there is also pro-
vided a method of doing business in filtering image data,
the method comprising providing a tagging agent; defin-
ing a tagging agent distribution associated to the tagging
agent; providing a system for filtering image data wherein
the system is customized according to the tagging agent
distribution; performing the method for filtering image da-
ta as previously described wherein the image data are
obtained with the tagging agent; and providing the filtered
image for a fee.

[0139] According to another aspect, there is also pro-
vided a method of doing business in filtering image data,
the method comprising providing a tagging agent; defin-
ing a tagging agent distribution associated to the tagging
agent; providing by a provider a system for filtering image
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data to a third party, the system being customized ac-
cording to the tagging agent distribution; operating the
system, wherein the operating is done by a third party
for a fee; and reconveying by the third party at least a
portion of the fee to the provider.

[0140] According to another aspect, there is also pro-
vided the use of the system for filtering image data for
suppressing tagged material in a virtual colonoscopy in-
volving lodine-based tagging agents.

[0141] According to another aspect, there is also pro-
vided the use of the system for filtering image data for
suppressing tagged material in a virtual colonoscopy in-
volving Barium-based tagging agents.

[0142] It will be appreciated that the system for filtering
image data described herein may be operated by the
owner of the system. Alternatively, the system may be
operated by a third party for a fee. In one embodiment,
the fee may be a share of the revenues while in an alter-
native embodiment, the fee may comprise a fixed fees.
[0143] Now referring to Figure 7, there is shown an
embodiment of a processing device 700 in which the
method for filtering image data may be advantageously
used.

[0144] The processing device 700 comprises a central
processing unit 702, I/O devices 704, a network interface
circuit 708, adatabus 706 and amemory 710. The central
processing unit 702, the 1/O devices 704, the network
interface circuit 708 and the memory 710 are operatively
coupled using the data bus 706.

[0145] More precisely, the central processing unit 702
is adapted for processing data instructions. The network
interface circuit 708 is adapted for operatively connecting
the processing device 700 to another processing device
(not shown) via a data network (not shown). The skilled
addressee will appreciate that various embodiments of
the network interface circuit 708 may be provided. More-
over, the skilled addressee will also appreciate that the
network interface circuit 708 may operate according to
various communication protocols such as TCP/IP for in-
stance.

[0146] The I/O devices 704 are used for enabling a
user to interact with the processing device 700. The
skilled addressee will appreciate that various embodi-
ments of the I/O devices 704 may be used. For example,
the 1/0 devices 704 may comprise at least one of a key-
board, a screen and a mouse.

[0147] The skilled addressee will appreciate that vari-
ous embodiments of the data bus 706 may be provided.
[0148] It will also be appreciated that various embod-
iments of the memory 710 may be provided. Moreover,
it will be appreciated that the memory 710 may be used
to store in one embodiment an operating system 712, a
module for filtering image data 714 and databases 716
used for operating the module for filteringimage data 714.
[0149] The skilled addressee will appreciate that the
operating system 712 is used for managing the interac-
tions between the central processing unit 702, the 1/0
devices 704, the network interface circuit 708, the data
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bus 706 and the memory 710.

[0150] Although the above description relates to spe-
cific preferred embodiments as presently contemplated
by the inventor, it will be understood that the invention in
its broad aspect includes mechanical and functional
equivalents of the elements described herein. For exam-
ple, the method may be applied to the examination of
different human anatomical structures as well as animal
structures. It may also be applied to enclosed object ex-
amination for which a real visual inspection may not be
performed.

Claims

1. A methodforfilteringimage data having atleastthree
types of distinct regions from a selected type of re-
gion, each of the at least three types of distinct re-
gions being representative of one of three different
substances, and comprising a plurality of unitary im-
age elements, each unitary image element of the
plurality of unitary image elements being character-
ized by a value, the method comprising:

providing (100) said image data;

selecting (110) a portion of said image data com-
prising at least a corresponding portion of at
least two of said at least three types of regions,
said at least two types of regions comprising the
selected type of region;

determining (120) at least one distribution for at
least one of said at least two types of regions in
said selected portion, wherein said determining
at least one distribution comprises determining
a distribution of the values characterizing a rep-
resentative part of the unitary image elements
corresponding to said selected portion;
determining (130) at least one function for as-
sociating another value to each unitary image
element of said selected type of region in said
selected portion, the another value characteriz-
ing a unitary image element of another type of
region of the at least two types of regions such
that said atleast one distribution of said selected
type of regions in said selected portion is trans-
posed into a corresponding distribution of said
anothertype of region, wherein said determining
at least one function comprises determining an
initial approximating function for approximating
the corresponding distribution of said selected
type of region, and determining a transposition
function adapted for transposing the initial ap-
proximating function into the corresponding dis-
tribution of said another type of region, and
applying (140) said at least one function to each
unitary image element of said selected type of
region of said selected portion to thereby provide
filtered image data.
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The method for filtering image data according to
claim 1, wherein said corresponding distribution of
said another type of region is determined in said se-
lected portion.

The method for filtering image data according to
claim 1, wherein said corresponding distribution of
said another type of region is determined in said im-
age data.

The method for filtering image data according to
claim 1, wherein said image data are representative
of an anatomic structure.

The method for filtering image data according to
claim 4, wherein said anatomic structure comprises
a portion of a colon.

The method for filtering image data according to
claim 1, wherein each of said at least three types of
distinct regions respectively comprises one of a first
substance type region, a second substance type re-
gion and a third substance type region.

The method for filtering image data according to
claim 6, wherein each of said at least three types of
distinct regions respectively comprises one of an air
type region, a tagged substance type region and a
biological tissues type region.

The method for filtering image data according to
claim 7, wherein said filtered image data comprise
at least an air type region and a biological tissues
type region.

The method for filtering image data according to
claim 1, wherein said selected portion of said image
data comprises a corresponding region of said se-
lected type of region.

The method for filtering image data according to
claim 1, wherein said selecting a portion of said im-
age comprises selecting one of said regions and se-
lecting an immediate neighboring region until a re-
sulting area comprises said at least two types of re-
gions.

The method for filtering image data according to
claim 8, wherein the immediate neighboring region
is selected until said resulting area comprises a rep-
resentative portion of each of said at least two types
of regions.

The method for filtering image data according to
claim 1, wherein said selecting a portion of said im-
age comprises selecting one of said regions and se-
lecting an immediate neighboring region until a re-
sulting area comprises said at least three types of
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22
regions.

The method for filtering image data according to
claim 8, wherein the immediate neighboring region
is selected until said resulting area comprises a rep-
resentative portion of each of said atleast three types
of regions.

The method for filtering image data according to
claim 1, wherein the value is an intensity derivative
of the unitary image elements corresponding to said
selected portion.

The method for filtering image data according to
claim 1, wherein said determining at least one dis-
tribution comprises determining a plurality of distri-
butions of the values, the value being selected from
a group consisting of an intensity , a gradient and an
intensity derivative characterizing each unitary im-
age elements of a representative part of the corre-
sponding unitary image elements.

The method for filtering image data according to
claim 1, further comprising determining an additional
initial function for approximating the distribution of
said anothertype of region, and wherein the applying
of said at least one function comprises applying the
transposition function to thereby transpose the initial
function into the additional initial function.

The method for filtering image data according to
claim 1, further comprising displaying said filtered
image data.

The method for filtering image data according to
claim 4, further comprising displaying a three dimen-
sional rendering of said anatomic structure.

The method for filtering image data according to
claim 1, further comprising providing said filtered im-
age data to a computer-aided detection unit for ab-
normalities detection.

The method for filtering image data according to
claim 1, further comprising providing said filtered im-
age data to a volume rendering engine for 3D visu-
alization.

A system for filtering image data having atleast three
types of distinct regions from a selected type of re-
gion, each of the at least three types of distinct re-
gions being representative of one of three different
substances, and comprising a plurality of unitary im-
age elements, each unitary image element of the
plurality of unitary image elements being character-
ized by a value, the system comprising:

a data receiving unit (202) for receiving said im-
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age data;

a selecting unit (206) coupled to the data receiv-
ing unit for selecting a portion of said image data
comprising at least a corresponding portion of
atleasttwo of said atleastthree types of regions,
said at least two types of region comprising the
selected type of region, the selecting unit pro-
viding a selected portion of said image data;

a distribution determining unit (214) coupled to
at least one of the selecting unit and the data
receiving unit for determining at least one distri-
bution for at least one of said at least two types
of regions in said selected portion, wherein said
determining at least one distribution comprises
determining a distribution of the values charac-
terizing a representative part of the unitary im-
age elements corresponding to said selected
portion, and the distribution determining unit
providing atleast one determined distribution for
the at least one of said at least two types of re-
gions in said selected portion ;

a function determining unit (220) coupled to the
distribution determining unit for determining at
least one function for associating another value
to each unitary image element of said selected
type of region in said selected portion, the an-
other value characterizing a unitary image ele-
ment of another type of region of the at least two
types of regions such that said at least one de-
termined distribution of said selected type of re-
gions in said selected portion is transposed into
a corresponding distribution of said another type
of region, wherein said determining at least one
function comprises determining an initial ap-
proximating function for approximating the cor-
responding distribution of said selected type of
region and determining a transposition function
adapted for transposing the initial approximating
function into the corresponding distribution of
said another type of region, and

a filtering unit (226) coupled to the function de-
termining unit and the data receiving unit for ap-
plying said at least one function to each unitary
image element of said selected type of region
of said selected portion to thereby provide fil-
tered image data.

The system for filtering image data according to
claim 21, further comprising a display unit (240) cou-
pled to the filtering unit for displaying said filtered
image data to an operator.

The system for filtering image data according claim
21, further comprising a transmitting unit (250) cou-
pled to the filtering unit for transmitting said filtered
image data to a computer-aided detection unit for
abnormalities detection.
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The system for filtering image data according to
claim 21, wherein said function determining unit
comprises a first module for determining an initial
approximating function to approximate the corre-
sponding distribution and a second module for de-
termining a transposition function adapted to trans-
pose the initial approximating function into the cor-
responding distribution of the another type of region.

Use of the system of claim 21 for performing a virtual
endoscopy.

Use of the system of claim 21 for suppressing tagged
material in a virtual colonoscopy selected from the
group consisting of a prepless CT colonoscopy, a
laxative free CT colonoscopy, a mild preparation CT
colonoscopy with tagging agent and a cathartic prep-
aration with tagging of remnant fluids/stools for CT
colonoscopy.

Use of the method of claim 1 for suppressing tagged
material in a virtual colonoscopy selected from the
group consisting of a prepless CT colonoscopy, a
laxative free CT colonoscopy, a mild preparation CT
colonoscopy with tagging agent and a cathartic prep-
aration with tagging of remnant fluids/stools for CT
colonoscopy.

Patentanspriiche

1.

Verfahren zum Filtern von Bilddaten, die mindestens
drei Typen von unterschiedlichen Regionen von ei-
nem ausgewahlten Typ von Region aufweisen, wo-
bei jeder der mindestens drei Typen von unter-
schiedlichen Regionen flr eine von drei verschiede-
ne Substanzen reprasentativ ist und eine Vielzahl
von einheitlichen Bildelementen umfasst, wobei je-
deseinheitliche Bildelementder Vielzahl von einheit-
lichen Bildelementen durch einen Wert gekenn-
zeichnet ist, wobei das Verfahren umfasst:

Bereitstellen (100) der Bilddaten;

Auswahlen (110) eines Abschnitts der Bildda-
ten, der mindestens einen entsprechenden Ab-
schnitt von mindestens zwei der mindestens
drei Typen von Regionen umfasst, wobei die
mindestens zwei Typen von Regionen den aus-
gewahlten Typ von Region umfassen;
Bestimmen (120) von mindestens einer Vertei-
lung flr mindestens einen der mindestens zwei
Typen von Regionen in dem ausgewahlten Ab-
schnitt, wobei das Bestimmen von mindestens
einer Verteilung das Bestimmen einer Vertei-
lung der Werte umfasst, die einen reprasentati-
ven Teil der einheitlichen Bildelemente kenn-
zeichnen, der dem ausgewahlten Abschnitt ent-
spricht;
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Bestimmen (130) von mindestens einer Funkti-
on zum Zuordnen eines anderen Werts zu je-
dem einheitlichen Bildelement des ausgewahl-
ten Typs von Region in dem ausgewahlten Ab-
schnitt, wobei der andere Wert ein einheitliches
Bildelement eines anderen Typs von Region der
mindestens zwei Typen von Regionen so kenn-
zeichnet, dass die mindestens eine Verteilung
des ausgewahlten Typs von Regionen in dem
ausgewahlten Abschnitt in eine entsprechende
Verteilung des anderen Typs von Region trans-
poniert wird, wobei das Bestimmen von mindes-
tens einer Funktion das Bestimmen einer an-
fanglichen Annaherungsfunktion umfasst, zum
Annahern der entsprechenden Verteilung des
ausgewahlten Typs von Region und das Bestim-
men einer Transponierungsfunktion, die ange-
passt ist zum Transponieren der anfanglichen
Annaherungsfunktionin die entsprechende Ver-
teilung des anderen Typs von Region, und
Anwenden (140) der mindestens einen Funktion
auf jedes einheitliche Bildelement des ausge-
wahlten Typs von Region des ausgewahlten Ab-
schnitts, um dadurch gefilterte Bilddaten bereit-
zustellen.

Verfahren zum Filtern von Bilddaten nach Anspruch
1, wobei die entsprechende Verteilung des anderen
Typs von Region in dem ausgewahlten Abschnitt be-
stimmt wird.

Verfahren zum Filtern von Bilddaten nach Anspruch
1, wobei die entsprechende Verteilung des anderen
Typs von Region in den Bilddaten bestimmt wird.

Verfahren zum Filtern von Bilddaten nach Anspruch
1, wobei die Bilddaten fiir eine anatomische Struktur
reprasentativ sind.

Verfahren zum Filtern von Bilddaten nach Anspruch
4, wobei die anatomische Struktur einen Abschnitt
eines Colons umfasst.

Verfahren zum Filtern von Bilddaten nach Anspruch
1, wobei jeder der mindestens drei Typen von unter-
schiedlichen Regionen jeweils eine einer Region
vom Typ einer ersten Substanz, einer Region vom
Typ einer zweiten Substanz und einer Region vom
Typ einer dritten Substanz umfasst.

Verfahren zum Filtern von Bilddaten nach Anspruch
6, wobei jeder der mindestens drei Typen von unter-
schiedlichen Regionen jeweils eine einer Region
vom Typ Luft, einer Region vom Typ markierte Sub-
stanz und einer Region vom Typ biologisches Ge-
webe umfasst.

Verfahren zum Filtern von Bilddaten nach Anspruch
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7, wobei die gefilterten Bilddaten mindestens eine
Region vom Typ Luft und eine Region vom Typ bi-
ologisches Gewebe umfassen.

Verfahren zum Filtern von Bilddaten nach Anspruch
1, wobei der ausgewahlte Abschnitt der Bilddaten
eine entsprechende Region des ausgewahlten Typs
von Region umfasst.

Verfahren zum Filtern von Bilddaten nach Anspruch
1, wobei das Auswahlen eines Abschnitts des Bilds
das Auswahlen einer der Regionen und das Aus-
wahlen einer unmittelbar benachbarten Region um-
fasst, bis ein resultierender Bereich die mindestens
zwei Typen von Regionen umfasst.

Verfahren zum Filtern von Bilddaten nach Anspruch
8, wobei die unmittelbar benachbarte Region aus-
gewahlt wird, bis der resultierende Bereich einen re-
prasentativen Abschnitt von jedem der mindestens
zwei Typen von Regionen umfasst.

Verfahren zum Filtern von Bilddaten nach Anspruch
1, wobei das Auswahlen eines Abschnitts des Bilds
das Auswahlen von einer der Regionen und das Aus-
wahlen einer unmittelbar benachbarten Region um-
fasst, bis ein resultierender Bereich die mindestens
drei Typen von Regionen umfasst.

Verfahren zum Filtern von Bilddaten nach Anspruch
8, wobei die unmittelbar benachbarte Region aus-
gewahlten wird, bis der resultierende Bereich einen
reprasentativen Abschnitt von jedem der mindes-
tens drei Typen von Regionen umfasst.

Verfahren zum Filtern von Bilddaten nach Anspruch
1, wobei der Wert eine Intensitatsableitung der ein-
heitlichen Bildelemente ist, die dem ausgewahlten
Abschnitt entspricht.

Verfahren zum Filtern von Bilddaten nach Anspruch
1, wobei das Bestimmen von mindestens einer Ver-
teilung das Bestimmen einer Vielzahl von Verteilun-
gen der Werte umfasst, wobei der Wert aus einer
Gruppe ausgewahlt wird, die aus einer Intensitét, ei-
nem Gradienten und einer Intensitatsableitung be-
steht, die jedes der einheitlichen Bildelemente eines
reprasentativen Teils der entsprechenden einheitli-
chen Bildelemente kennzeichnen.

Verfahren zum Filtern von Bilddaten nach Anspruch
1, weiter umfassend Bestimmen einer zusatzlichen
anfanglichen Funktion zum Anndhern der Verteilung
des anderen Typs von Region, und wobei das An-
wenden der mindestens einen Funktion das Anwen-
den der Transponierungsfunktion umfasst, um da-
durch die anfangliche Funktion in die zusétzliche an-
fangliche Funktion zu transponieren.
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Verfahren zum Filtern von Bilddaten nach Anspruch
1, weiter umfassend Anzeigen der gefilterten Bild-
daten.

Verfahren zum Filtern von Bilddaten nach Anspruch
4, weiter umfassend Anzeigen einer dreidimensio-
nalen Bildberechnung der anatomischen Struktur.

Verfahren zum Filtern von Bilddaten nach Anspruch
1, weiter umfassend Bereitstellen der gefilterten
Bilddaten an eine computerunterstiitzte Erken-
nungseinheit zur Erkennung von Anomalien.

Verfahren zum Filtern von Bilddaten nach Anspruch
1, weiter umfassend Bereitstellen der gefilterten
Bilddaten an einen Volumen-Bildberechnungs-En-
gine zur 3D-Visualisierung.

System zum Filtern von Bilddaten, die mindestens
drei Typen von unterschiedlichen Regionen von ei-
nem ausgewahlten Typ von Region aufweisen, wo-
bei jeder der mindestens drei Typen von unter-
schiedlichen Regionen fiir eine von drei verschiede-
nen Substanzen reprasentativ ist und eine Vielzahl
von einheitlichen Bildelementen umfasst, wobei je-
des einheitliche Bildelement von der Vielzahl von
einheitlichen Bildelementen durch einen Wert ge-
kennzeichnet ist, wobei das System umfasst:

eine Datenempfangseinheit (202) zum Empfan-
gen der Bilddaten;

eine Auswahleinheit (206), die mit der Daten-
empfangseinheit gekoppelt ist, zum Auswahlen
eines Abschnitts der Bilddaten, der mindestens
einen entsprechenden Abschnitt von mindes-
tens zwei der mindestens drei Typen von Regi-
onen umfasst, wobei die mindestens zwei Ty-
pen von Region den ausgewéahlten Typ von Re-
gion umfassen, wobei die Auswéhleinheit einen
ausgewahlten Abschnitt der Bilddaten bereit-
stellt;

eine Verteilungsbestimmungseinheit (214), die
mit mindestens einem der Auswahleinheit und
der Datenempfangseinheit gekoppelt ist, zum
Bestimmen von mindestens einer Verteilung fir
mindestens einen der mindestens zwei Typen
von Regionen in dem ausgewahlten Abschnitt,
wobei das Bestimmen von mindestens einer
Verteilung das Bestimmen einer Verteilung der
Werte umfasst, die einen reprasentativen Teil
der einheitlichen Bildelemente kennzeichnen,
die dem ausgewahlten Abschnitt entsprechen,
und die Verteilungsbestimmungseinheit min-
destens eine bestimmte Verteilung fiir den min-
destens einen der mindestens zwei Typen von
Regionen in dem ausgewahlten Abschnitt be-
reitstellt;

eine Funktionsbestimmungseinheit (220), die
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mit der Verteilungsbestimmungseinheit gekop-
pelt ist, zum Bestimmen von mindestens einer
Funktion zum Zuordnen eines anderen Werts
zu jedem der einheitlichen Bildelement des aus-
gewahlten Typs von Region in dem ausgewahl-
ten Abschnitt, wobei der andere Wert ein ein-
heitliches Bildelement eines anderen Typs von
Region der mindestens zwei Typen von Regio-
nen so kennzeichnet, dass die mindestens eine
bestimmte Verteilung des ausgewahlten Typs
von Regionen in dem ausgewahlten Abschnitt
in eine entsprechende Verteilung des anderen
Typs von Region transponiert wird, wobei das
Bestimmen von mindestens einer Funktion das
Bestimmen einer anfénglichen Annaherungs-
funktion umfasst, zum Annahern der entspre-
chenden Verteilung des ausgewahlten Typs von
Region und das Bestimmen einer Transponie-
rungsfunktion, die angepasst ist zum Transpo-
nieren der anfanglichen Annaherungsfunktion
in die entsprechende Verteilung des anderen
Typs von Region, und

eine Filtereinheit (226), die mit der Funktions-
bestimmungseinheit und der Datenempfangs-
einheit gekoppelt ist, zum Anwenden der min-
destens einen Funktion auf jedes der einheitli-
chen Bildelemente des ausgewahlten Typs von
Region des ausgewahlten Abschnitts, um da-
durch gefilterte Bilddaten bereitzustellen.

System zum Filtern von Bilddaten nach Anspruch
21, weiter umfassend eine Anzeigeeinheit (240), die
mit der Filtereinheit gekoppelt ist, zum Anzeigen der
gefilterten Bilddaten fiir eine Bedienperson.

System zum Filtern von Bilddaten nach Anspruch
21, weiter umfassend eine Ubertragungseinheit
(250), die mit der Filtereinheit gekoppelt ist, zum
Ubertragen der gefilterten Bilddaten an eine com-
putergestiitzte Erkennungseinheit zur Erkennung
von Anomalien.

System zum Filtern von Bilddaten nach Anspruch
21, wobei die Funktionsbestimmungseinheit ein ers-
tes Modul zum Bestimmen einer anfénglichen An-
naherungsfunktion umfasst, um die entsprechende
Verteilung anzunahern, und ein zweites Modul zum
Bestimmen einer Transponierungsfunktion, die an-
gepasst ist, um die anfangliche Annaherungsfunkti-
on in die entsprechende Verteilung des anderen
Typs von Region zu transponieren.

Verwendung des Systems nach Anspruch 21 zum
Durchfiihren einer virtuellen Endoskopie.

Verwendung des Systems nach Anspruch 21 zum
Unterdriicken von markiertem Material in einer vir-
tuellen Koloskopie, ausgewahlt aus der Gruppe, be-



27.

29

stehend aus einer vorbereitungslosen CT-Kolosko-
pie, einer laxansfreien CT-Koloskopie, einer CT-Ko-
loskopie mit sanfter Vorbereitung mit Markiermittel
und einer abfiihrenden Vorbereitung mit Markieren
von Uberresten von Fluiden/Stuhl fiir CT-Kolosko-

pie.

Verwendung des Verfahren nach Anspruch 1 zum
Unterdriicken von markiertem Material in einer vir-
tuellen Koloskopie, ausgewahlt aus der Gruppe, be-
stehend aus einer vorbereitungslosen CT-Kolosko-
pie, einer laxansfreien CT-Koloskopie, einer CT-Ko-
loskopie mit sanfter Vorbereitung mit Markiermittel
und einer abfiihrenden Vorbereitung mit Markieren
von Uberresten von Fluiden/Stuhl fiir CT-Kolosko-

pie.

Revendications

Procédé de filirage de données d'image ayant au
moins trois types de régions distinctes a partir d’'un
type de région sélectionné, chacun des au moins
trois types de régions distinctes représentant 'une
des trois substances différentes, et comprenant une
pluralité d’éléments d'image unitaires, chaque élé-
ment d’'image unitaire de la pluralité d’éléments
d’'image unitaires étant caractérisé par une valeur,
le procédé comprenant les étapes consistant :

a fournir (100) lesdites données d’image ;

a sélectionner (110) une partie desdites don-
nées d’image comprenant au moins une partie
correspondante d’au moins deux desdits au
moins trois types de régions, lesdits au moins
deux types de régions comprenant le type de
région sélectionné ;

a déterminer (120) au moins une distribution
pour au moins I'un desdits au moins deux types
de régions dans ladite partie sélectionnée, dans
lequel ladite détermination d’au moins une dis-
tribution comprend la détermination d’'une dis-
tribution des valeurs caractérisant une partie re-
présentative des éléments d’image unitaires
correspondant a ladite partie sélectionnée ;

a déterminer (130) au moins une fonction pour
associer une autre valeur a chaque élément
d’'image unitaire dudit type de région sélectionné
dans ladite partie sélectionnée, I'autre valeur ca-
ractérisant un élément d’'image unitaire d’'un
autre type de région des au moins deux types
de régions, de sorte que ladite au moins une
distribution dudit type de régions sélectionné
dans ladite partie sélectionnée est transposée
en une distribution correspondante dudit autre
type de région, ou ladite détermination d’au
moins une fonction comprend la détermination
d’'une fonction d’approximation initiale pour ef-
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fectuer une approximation de la distribution cor-
respondante dudit type de région sélectionné,
et la détermination d’une fonction de transposi-
tion adaptée pour transposer la fonction d’ap-
proximation initiale en la distribution correspon-
dante dudit autre type de région, et

a appliquer (140) ladite au moins une fonction
sur chaque élément d'image unitaire dudit type
de région sélectionné de ladite partie sélection-
née pour fournir ainsi des données d’'image fil-
trées.

Procédé de filtrage de données d’image selon lare-
vendication 1, dans lequel ladite distribution corres-
pondante dudit autre type de région est déterminée
dans ladite partie sélectionnée.

Procédé de filtrage de données d’image selon lare-
vendication 1, dans lequel ladite distribution corres-
pondante dudit autre type de région est déterminée
dans lesdites données d’image.

Procédé de filtrage de données d’image selon lare-
vendication 1, dans lequel lesdites données d’'image
représentent une structure anatomique.

Procédé de filtrage de données d’image selon lare-
vendication 4, dans lequel ladite structure anatomi-
que comprend une partie d’'un cblon.

Procédé de filtrage de données d’image selon lare-
vendication 1, dans lequel chacun desdits au moins
trois types de régions distinctes comprend respecti-
vement I'une d’'une région de premier type de subs-
tance, d’'une région de deuxiéme type de substance
et d’une région de troisieme type de substance.

Procédé de filtrage de données d’image selon lare-
vendication 6, dans lequel chacun desdits au moins
trois types de régions distinctes comprend respecti-
vement I'une d’une région de type air, d’une région
de type substance marquée et d’'une région de type
tissus biologiques.

Procédé de filtrage de données d’image selon lare-
vendication 7, dans lequel lesdites données d’'image
filtrées comprennent au moins une région de type
air et une région de type tissu biologique.

Procédé de filtrage de données d’image selon lare-
vendication 1, dans lequel ladite partie sélectionnée
desdites données d’image comprend une région cor-
respondante dudit type de région sélectionné.

Procédé de filtrage de données d'image selon laf
revendication 1, dans lequel ladite sélection d’'une
partie de ladite image comprend la sélection de I'une
desdites régions et la sélection d’'une région immé-
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diatement voisine jusqu’a ce qu’une zone résultante
comprenne lesdits au moins deux types de régions.

Procédé de filirage de données d'image selon la re-
vendication 8, dans lequel la région immédiatement
voisine est sélectionnée jusqu’a ce que ladite zone
résultante comprenne une partie représentative de
chacun desdits au moins deux types de régions.

Procédé de filirage de données d'image selon la re-
vendication 1, dans lequel ladite sélection d’une par-
tie de ladite image comprend la sélection d’'une ré-
gion desdites régions et la sélection d’'une région
immeédiatement voisine jusqu’a ce qu’une zone ré-
sultante comprenne lesdits au moins trois types de
régions.

Procédé de filirage de données d'image selon la re-
vendication 8, dans lequel la région immédiatement
voisine est sélectionnée jusqu’a ce que ladite zone
résultante comprenne une partie représentative de
chacun desdits au moins trois types de régions.

Procédeé de filirage de données d'image selon la re-
vendication 1, dans lequel la valeur est une dérivée
d’intensité des éléments d’'image unitaires corres-
pondant a ladite partie sélectionnée.

Procédeé de filirage de données d'image selon la re-
vendication 1, dans lequel ladite détermination d’au
moins une distribution comprend la détermination
d’une pluralité de distributions des valeurs, la valeur
étant sélectionnée dans un groupe constitué d’'une
intensité, d’'un gradient et d’'une dérivée d’intensité
caractérisantchaque élémentd’image unitaire d’'une
partie représentative des éléments d’'image unitaires
correspondants.

Procédé de filirage de données d'image selon la re-
vendication 1, comprenant en outre la détermination
d’une fonction initiale supplémentaire pour effectuer
une approximation de la distribution dudit autre type
de région, et dans lequel I'application de ladite au
moins une fonction comprend l'application de la
fonction de transposition pour transposer ainsi la
fonction initiale en lafonction initiale supplémentaire.

Procédeé de filirage de données d'image selon la re-
vendication 1, comprenant en outre I'affichage des-
dites données d’image filtrées.

Procédé de filirage de données d'image selon la re-
vendication 4, comprenant en outre I'affichage d’'un
rendu tridimensionnel de ladite structure anatomi-
que.

Procédé de filirage de données d'image selon la re-
vendication 1, comprenanten outre la fourniture des-
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dites données d’'image filtrées a une unité de détec-
tion assistée par ordinateur pour la détection d’ano-
malies.

Procédé de filtrage de données d’image selon lare-
vendication 1, comprenant en outre lafourniture des-
dites données d’image filtrées a un moteur de rendu
de volume pour une visualisation en 3D.

Systéme de filirage de données d’image ayant au
moins trois types de régions distinctes a partir d’'un
type de région sélectionné, chacun des au moins
trois types de régions distinctes représentant 'une
des trois substances différentes, et comprenant une
pluralité d’éléments d'image unitaires, chaque élé-
ment d’'image unitaire de la pluralité d’éléments
d’'image unitaires étant caractérisé par une valeur,
le systéme comprenant :

une unité de réception de données (202) pour
recevoir lesdites données d’'image ;

une unité de sélection (206) couplée a l'unité de
réception de données pour sélectionner une
partie desdites données d’image comprenantau
moins une partie correspondante d’au moins
deux desdits au moins trois types de régions,
lesdits au moins deux types de régions compre-
nant le type de région sélectionné, I'unité de sé-
lection fournissant une partie sélectionnée des-
dites données d’image ;

une unité de détermination de distribution (214)
couplée a au moins l'une de l'unité de sélection
et de 'unité de réception de données pour dé-
terminer au moins une distribution pour au
moins I'un desdits au moins deux types de ré-
gions dans ladite partie sélectionnée, ou ladite
détermination d’au moins une distribution com-
prend la détermination d’une distribution des va-
leurs caractérisant une partie représentative
des éléments d'image unitaires correspondant
a ladite partie sélectionnée, et I'unité de déter-
mination de distribution fournissant au moins
une distribution déterminée pour au moins l'un
desdits au moins deux types de régions dans
ladite partie sélectionnée ;

une unité de détermination de fonction (220)
couplée al'unité de détermination de distribution
pour déterminer au moins une fonction permet-
tant d’associer une autre valeur a chaque élé-
ment d’'image unitaire dudit type de région sé-
lectionné dans ladite partie sélectionnée, l'autre
valeur caractérisantun élément d’image unitaire
d’'un autre type de région des au moins deux
types de régions de sorte que ladite au moins
une distribution déterminée dudit type de ré-
gions sélectionné dans ladite partie sélection-
née soit transposée en une distribution corres-
pondante dudit autre type de région, ou ladite



22.

23.

24,

25.

26.

27.

33 EP 2 504 812 B1 34

détermination d’au moins une fonction com-
prend la détermination d’une fonction d’approxi-
mation initiale pour effectuer une approximation
de la distribution correspondante dudit type de
région sélectionné et pour déterminer une fonc-
tion de transposition adaptée pourtransposerla
fonction d’approximation initiale en la distribu-
tion correspondante dudit autre type de région,
et

une unité de filtrage (226) couplée a l'unité de
détermination de fonction et a I'unité de récep-
tion de données pour appliquer ladite au moins
une fonction a chaque élément d’image unitaire
dudit type de région sélectionné de ladite partie
sélectionnée pour fournir ainsi des données
d’'image filtrées.

Systeme de filtrage de données d'image selon la re-
vendication 21, 23, comprenant en outre une unité
d’affichage (240) couplée a I'unité de filtrage pour
afficher lesdites données d’image filirées a un opé-
rateur.

Systeme de filtrage de données d'image selon la re-
vendication 21, comprenant en outre une unité de
transmission (250) couplée a 'unité de filtrage pour
transmettre lesdites données d’image filirées a une
unité de détection assistée par ordinateur pour la
détection d’anomalies.

Systeme de filtrage de données d'image selon la re-
vendication 21, 22, dans lequel ladite unité de dé-
termination de fonction comprend un premier modu-
le pour déterminer une fonction d’approximation ini-
tiale afin d’effectuer une approximation de la distri-
bution correspondante et un deuxieme module pour
déterminer une fonction de transposition adaptée
pour transposer la fonction d’approximation initiale
en la distribution correspondante de I'autre type de
région.

Utilisation du systéme de la revendication 21, pour
effectuer une endoscopie virtuelle.

Utilisation du systéme de la revendication 21, pour
supprimer un matériau marqué dans une coloscopie
virtuelle sélectionnée dans le groupe constitué d’'une
coloscopie par tomodensitométrie sans préparation,
d’une coloscopie partomodensitométrie sans laxatif,
d’'une coloscopie par tomodensitométrie avec pré-
paration douce avec agent de marquage et d'une
préparation cathartique avec marquage du reste de
fluides/selles pour la coloscopie partomodensitomé-
trie.

Utilisation du procédé de larevendication 1 pour sup-
primer un matériau marqué dans une coloscopie vir-
tuelle sélectionnée dans le groupe constitué d’'une
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coloscopie par tomodensitométrie sans préparation,
d’une coloscopie partomodensitométrie sans laxatif,
d’'une coloscopie par tomodensitométrie avec pré-
paration douce avec agent de marquage et d’une
préparation cathartique avec marquage du reste de
fluides/selles pourla coloscopie partomodensitomé-
trie.
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