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Description
TECHNICAL FIELD

[0001] The present invention relates to a method for
generating an image for PET attenuation correction from
an MR image and a computer program, and more par-
ticularly to a method for generating an image for PET
attenuation correction from an MR image by which a high-
precision image for PET attenuation correction can be
generated when generating an image for PET attenua-
tion correction from an MR image, and a computer pro-
gram for executing this method. A method according to
the preamble of claim 1 is disclosed in M. Hofmann et al.
"MRI-Based Attenuation Correction for Whole-Body
PET/MRI: Quantitative Evaluation of Segmentation- and
Atlas-Based Methods", The Journal of Nuclear Medicine,
Vol. 52, No. 0, 01.09.2011, pages 1392-1399.

BACKGROUND ART

[0002] Inspection devices capable of observing inside
the human body in a minimally invasive manner, such as
X-ray CT (computed tomography) and MRI (magnetic
resonance imaging), have become widely available in
recent years and been contributing significantly to med-
ical diagnosis. Such apparatuses mainly provide a mor-
phological image obtained by visualizing a tissue struc-
ture of the living subject as a tomographic image or vol-
ume data. In contrast, nuclear medical imaging, typified
by PET (positron emission tomography) and SPECT (sin-
gle photon emission CT), is a device for providing a func-
tional image obtained by quantitatively visualizing phys-
iological information such as glucose consumption, local
blood flow, oxygen consumption, and the distribution of
neurotransmitter receptors. With the recent increase of
diseases such as cancers, dementia, and arteriosclerotic
diseases, advances are being made in its research and
clinical application. PET is also attracting attention as a
powerful technique for promoting molecular imaging re-
search for imaging the behavior of biomolecules.
[0003] PET/CT simultaneously capable of PET and X-
ray CT imaging has recently been developed and be-
come widespread in the clinical field. This has made pos-
sible diagnosis in light of both biological functions and
body tissue. For example, in the diagnosis of cancer by
PET, only the tumor portion is output with a high intensity.
It may therefore be difficult to determine in which organ
the tumor is. The superposition with X-ray CT, which pro-
vides excellent viewability of the form of the organs, is
thus useful.

[0004] Instead of the combination with X-ray CT,
PET/MRI to carry out diagnosis in combination with MRI
has recently attracted attention. MRI not only can visu-
alize the inside of living body with high spatial resolution,
but also has the characteristics that the contrast of soft
tissue is better than with X-ray CT, and that a functional
image such as hemodynamic imaging and metabolic
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product concentration measurement by MR spectrosco-
py can be acquired. PET/MRI also has a lot of advantag-
es, including thatitis possible to avoid radiation exposure
which is a problem with PET/CT. Its implementation is
thus much expected (see Non-Patent Literature 1).
[0005] A PET device obtains information from annihi-
lation radiations emitted from a radioactive drug reaching
detectors. PET image reconstruction uses the detection
data of annihilation radiations emitted in 180° directions.
The annihilation radiations undergo attenuation while
passing through various tissues of the body to reach the
detectors. As aresult, quantitative performance is greatly
disturbed in deep portions of the subject. To obtain a
quantitative drug distribution, the attenuation of the an-
nihilation radiations needs to be corrected. A spatial dis-
tribution of radiation attenuation coefficient (u-map)
needed for attenuation correction in the conventional
PET image reconstruction is created on the basis of
transmission measurement (referred to as transmission
scan) separate from the data acquisition of the PET. The
transmission scan is performed by rotating a radiation
source 12 around the subject 10 and performing detec-
tion with a detector 14 as illustrated in Fig. 1 (see Patent
Literatures 1 to 3). In the case of PET/CT, attenuation
correction is usually performed by converting the X-ray
CT image into a p.-map without the foregoing transmis-
sion scan.

[0006] MRI collects intensities obtained from protons
(hydrogen nuclei) intissues, and therefore cannotdirectly
obtain the radiation attenuation rate of the respective tis-
sues. Since the current design concept of PET/MRI does
not include a transmission source similar to that of X-ray
CT, a method for generating a p-map as an alternative
to the transmission scan is needed.

[0007] As a method for generating a w-map by using
an MR image, a segmentation method (see Non-Patent
Literatures 2, 3, and 4) and a standard image reference
method (see Non-Patent Literatures 5 and 6) have been
proposed so far. In the segmentation method, as illus-
trated in Fig. 2, an MR image m is segmented into regions
such as a high intensity region (soft tissue), a medium
intensity region (water), and a low intensity region (air
and bone) tissue by tissue, and p. values inherent to the
tissues are substituted to generate a p-map. In the stand-
ard image reference method, as illustrated in Fig. 3, a
standard image (standard MR image mg or standard p.-
map ) is deformed to the MR image m of the patient
by using affine transformation or the like.

CITATION LIST
PATENT LITERATURES
[0008]
Patent Literature 1: Japanese Patent Application

Laid-Open No. 2005-283421
Patent Literature 2: Japanese Patent Application
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Laid-Open No. 2006-284346
Patent Literature 3: Japanese Patent Application
Laid-Open No. 2008-22930

Non-Patent Literatures
[0009]

Non-Patent Literature 1: Bernd Pichler, Bernhard
Scholkopf and Thomas Beyer Matthias Hofmann,
"Towards quantitative PET/MRI: a review of MR-
based attenuation correction techniques," EURO-
PEAN JOURNAL OF NUCLEAR MEDICINE AND
MOLECULAR IMAGING, vol. 36 (Supplement 1),
pp. 93-104, Mar 2009.

Non-Patent Literature 2: E. Rota Kops, P. Qin, M.
Mueller-Veggian, and H. Herzog, "Attenuation Cor-
rection of PET Scanning Based on MRT-Images,"
Nucl. Sci. Symp. & Med. Imag. Conference, 241
2006.

Non-Patent Literature 3: E. Rota Kops and H. Her-
zog, "Towards an MRI based attenuation correction
forbrain MR-PET," 2007 BrainPET Conference, May
2007.

Non-Patent Literature 4: H. Zaidi, M.-L. Montandon,
and D. O. Slosman, "Magnetic resonance imaging-
guided attenuation and scatter corrections in three
dimensional brain positron emission tomography,"
Med. Phys., vol. 30, pp. 937-948, 2003.
Non-Patent Literature 5: Marie-Louise Montandon
and Habib Zaidi, "Atlas-guided non-uniform attenu-
ation correction in cerebral 3D PET imaging," Neu-
roimage, vol. 25, no. 1, pp. 278-286, Mar. 2005.
Non-Patent Literature 6: Marie-Louise Montandon
and Habib Zaidi, "Quantitative analysis of template-
based attenuation compensation in 3D brain PET,"
Computerized Medical Imaging and Graphics, vol.
31, pp. 28-38, Jan. 2007.

SUMMARY OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

[0010] However, asillustratedin Fig. 2, the former seg-
mentation method has the problem that tissues having
very different . values (in the case of the example, bone
and air) are both low intensities in the MR image and are
therefore indistinguishable. Blood, which has a p. value
equivalentto that of soft tissue, may also be indistinguish-
able from air and bone.

[0011] On the other hand, the latter standard image
reference method has, asillustratedin Fig. 3, the problem
of being unable to accommodate individual differences
or an affected area such as a space occupying lesion (a
cancer, abscess, etc.) and an organic defect.

[0012] The presentinvention has been achieved in or-
der to solve the foregoing conventional problems. Itis an
object of the present invention to generate an image for
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PET attenuation correction in which tissues having very
different w values can be distinguished and that can ac-
commodate individual differences and an affected area
such as a space occupying lesion (a cancer, abscess,
etc.) and an organic defect.

MEANS FOR SOLVING THE PROBLEM

[0013] The present invention solves the foregoing
problems by, when generating an image for PET atten-
uation correction from an MR image, segmenting an MR
image captured by MRI into regions according to pixel
values, determining a radiation attenuation correction
value in a region in which a radiation attenuation coeffi-
cient is considered to be uniform by referring to an exist-
ing radiation attenuation correction value table, and de-
termining a radiation attenuation correction value in a
region including multiple tissues having different radia-
tion attenuation coefficients by referring to a standard
image.

[0014] Here, the standard image may be deformed to
an MR image of a subject when the standard image is
referred to.

[0015] The standard image may be referred to by using
an image of whole body tissue or an image of some tis-
sues of the body tissue.

[0016] The standard image may be an image for PET
attenuation correction, a CT image, or a UTE image. As
employed herein, a UTE image refers to an image that
can be generated on the basis of an MRI image captured
with an ultrashort echo time (Ultra short TE) and in which
bone shows a high intensity value.

[0017] The MR image and the standard image may be
adjusted to each other in resolution.

[0018] At least either one of the radiation attenuation
correction value table and the standard image may be
modified according to personal information about the
subject (DNA, age, sex, height, weight, place of birth,
place of residence, and/or medical history).

[0019] The subject’s own radiation attenuation correc-
tion values or the image for PET attenuation correction,
or the CT image or the UTE image may be repeatedly
used as at least either one of the radiation attenuation
correction value table and the standard image.

[0020] The presentinvention also provides a computer
program for making a computer execute any of the meth-
ods described above.

EFFECT OF THE INVENTION

[0021] According to the present invention, in a region
in which differences in the radiation attenuation correc-
tion value (also referred to as w value) can be distin-
guished by referring to the pixel values of the MR image,
w values inherent to the tissues are substituted by the
segmentation method. In a region in which a distinction
cannotbe made by using the pixel values of the MRimage
(for example, a low intensity region including bone and
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air), p. values are determined by referring to the standard
image by the standard image reference method. Accu-
rate p values can thus be assigned to the region in which
a distinction cannot be made by using the pixel values
of the MR image, while individual differences and an af-
fected area such as a brain defect portion can be accom-
modated.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022]

Fig. 1 is a diagram showing an outline of a conven-
tional transmission method.

Fig. 2 is a diagram showing a conventional segmen-
tation method.

Fig. 3 is a diagram showing a conventional standard
image reference method.

Fig. 4 is a flowchart showing a processing procedure
according to a first embodiment of the presentinven-
tion.

Fig. 5 is a diagram showing examples of images of
the first embodiment.

Fig. 6 is a flowchart showing a processing procedure
according to a second embodiment of the present
invention.

Fig. 7 is a flowchart showing a processing procedure
according to a third embodiment of the present in-
vention.

Fig. 8 is a flowchart showing a processing procedure
according to a fourth embodiment of the present in-
vention.

Fig. 9 is a flowchart showing a processing procedure
according to afifth embodiment of the presentinven-
tion.

Fig. 10 is a flowchart showing a processing proce-
dure according to a sixth embodiment of the present
invention.

Fig. 11 is a diagram showing examples of p-maps
where a difference in resolution is taken into account
by the fourth to sixth embodiments in a comparative
manner.

Fig. 12 is a flowchart showing a processing proce-
dure according to a seventh embodiment of the
present invention.

Fig. 13 is a flowchart showing a processing proce-
dure according to an eighth embodiment of the
present invention.

Fig. 14 is a flowchart showing a processing proce-
dure according to a ninth embodiment of the present
invention.

Fig. 15 is a flowchart showing a processing proce-
dure according to a tenth embodiment of the present
invention.

Fig. 16 is a diagram showing how to classify regions
into bone and air regions according to the tenth em-
bodiment.

Fig. 17 is a flowchart showing a processing proce-
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dure according to an eleventh embodiment of the
present invention.

Fig. 18 is a diagram showing processing results of
pseudo sinusitis by the conventional methods and
the method of the present invention.

Fig. 19 is a flowchart showing a processing proce-
dure according to a twelfth embodiment of the
present invention.

Fig. 20 is a flowchart showing a processing proce-
dure according to a thirteenth embodiment of the
present invention.

Fig. 21 is a flowchart showing a processing proce-
dure according to a fourteenth embodiment of the
present invention.

Fig. 22 is a flowchart showing a processing proce-
dure according to a fifteenth embodiment of the
present invention.

Fig. 23 is a flowchart showing a processing proce-
dure according to a sixteenth embodiment of the
present invention.

Fig. 24 is a flowchart showing a processing proce-
dure according to a seventeenth embodiment of the
present invention.

MODE FOR CARRYING OUT THE INVENTION

[0023] Hereinafter, embodiments of the presentinven-
tion will be described in detail with reference to the draw-
ings.

[0024] A first embodiment of the present invention is

implemented by a procedure shown in Fig. 4.

[0025] Specifically, in step S100, an MR image m is
initially acquired as with the conventional segmentation
method.

[0026] Next, in step S110, as illustrated in Fig. 5, the
MR image is divided into, for example, high intensity re-
gions corresponding to soft tissue, medium intensity re-
gions corresponding to water, and low intensity regions
corresponding to air and bone on the basis of the pixel
values of the MR image.

[0027] Next, in step S120, whether each intensity re-
gion includes multiple tissues having different radiation
attenuation coefficients is determined. If the determina-
tion result is negative and the intensity region is deter-
mined to be a high intensity region corresponding to soft
tissue or a medium intensity region corresponding to wa-
ter, the radiation attenuation coefficient of soft tissue (for
example, p = 0.095) is assigned to the high intensity re-
gion, and the radiation attenuation coefficient of water
(for example, p. = 0.097) to the medium intensity region.
[0028] Meanwhile, in step S200, transformation F{}
such that m = F{m} for registration of the MR image m
acquired in step S100 is determined by using a database
20 of a standard MR image mg and a standard radiation
attenuation image p¢ as with the conventional standard
image reference method shown in Fig. 3.

[0029] Next, in step S210, morphological transforma-
tion w = F{u¢} of the standard radiation attenuation image
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is similarly performed.

[0030] If the determination result of step S120 is pos-
itive and the intensity region is determined to be a region
including multiple tissues having different radiation atten-
uation coefficients, for example, a low intensity region in
which air is indistinguishable from bone, the processing
proceeds to step S300. The pixel values of the standard
radiation attenuation image p; morphologically trans-
formed in step S210 are assigned to the low intensity
region, whereby different radiation attenuation coeffi-
cients are assigned to air and bone.

[0031] Note thatthe MR image and the radiation atten-
uation image acquired in the first embodiment have dif-
ferent resolutions, and may become less viewable if sim-
ply combined. Fig. 6 shows a second embodiment in
which such a problem is solved.

[0032] In the present embodiment, in the process of
similar processing to that of the first embodiment, the MR
image having high resolution is blurred to have resolution
equivalent to that of the radiation attenuation image in
step S140. The blurring of step S140 can be used imme-
diately after step S130 and before the final application of
the w values of the standard image.

[0033] According to the present embodiment, the re-
sult (radiation attenuation image) of step S130 and the
standard image (MR image) are equalized in resolution,
so that an accurate image can be displayed. However,
if the original MR image and the radiation attenuation
image have a large difference in resolution, the applica-
tion of strong blurring may lower the radiation attenuation
coefficients near bone regions as shown in the schematic
diagram of Fig. 6.

[0034] It should be appreciated that the method for
blurring is not limited to the second embodiment. As in a
thirdembodimentshownin Fig. 7, blurring may be applied
in step S150 immediately before the end.

[0035] According to the present embodiment, the res-
olution can be adjusted to that of the PET detector,
whereby the measurement can be brought close to actual
radiation attenuation coefficients. The blurring can be
omitted to reduce man-hours and lower the calculation
cost.

[0036] Next, Fig. 8 shows a fourth embodiment of the
present invention in which a difference in resolution is
absorbed by a different method.

[0037] In the present embodiment, in similar process-
ing to that of the second embodiment shown in Fig. 6, if
the determination result of step S120 is positive, the low
intensity region is expanded in step S290. Then, in step
S300, the pixel values of the morphologically transformed
standard radiation attenuation image are assigned.
[0038] According to the present embodiment, a drop
intheradiation attenuation coefficients near bone regions
can be suppressed to connect the radiation attenuation
image and the MR image more smoothly.

[0039] Even in the present embodiment, like the third
embodiment, blurring may be applied immediately before
the end.
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[0040] Next, Fig. 9 shows a fifth embodiment of the
present invention in which a difference in resolution is
absorbed by yet another method.

[0041] In the present embodiment, in similar process-
ing to that of the second embodiment shown in Fig. 6,
the pixel values of the morphologically transformed
standard radiation attenuation image are assigned in
steps S280 and S300 before and after the blurring of step
S140.

[0042] According to the present embodiment, a drop
in the radiation attenuation coefficient near bone regions
may be able to be further suppressed while maintaining
the radiation attenuation coefficient (the height H of the
image) of bone.

[0043] The effect of the methods according to the sec-
ond to fifth embodiments depends on the degree of the
difference in resolution between the original MR image
and the radiation attenuation image. The amount of blur-
ring in step S140 and the amount of morphological dila-
tion in S290 of the fourth embodiment therefore need to
be adjusted.

[0044] Next, Fig. 10 shows a sixth embodiment of the
present invention in which a difference in resolution is
absorbed by yet another method.

[0045] In the present embodiment, in similar process-
ing to that of the fifth embodiment shown in Fig. 9, the
same morphological dilation S290 as that of the fourth
embodiment shown in Fig. 8 is performed at the time of
assignment after the blurring processing S140. As com-
pared to the methods of the second to fifth embodiments,
the method of the sixth embodiment can stably correct
the difference in resolution between the MR image and
the radiation attenuation image.

[0046] Fig. 11 shows an MRIimage, a true p-map, and
the processing results of the fourth to sixth embodiments
in a comparative manner.

[0047] In any of the foregoing embodiments, the mor-
phological transformation of the radiation attenuation im-
age is performed after the registration of the MR images
and the standard radiation attenuation image. Fig. 12
shows a seventh embodiment of the present invention in
which bones are extracted first, and morphological trans-
formation is performed on such portions.

[0048] Inthe present embodiment, in step S400, bone
portions g, are initially extracted from the database 20
of the standard MR image mg and the standard radiation
attenuation image ..

[0049] Next, in the same step S200 as that of the first
embodiment, transformation F{} such that m = F{m} is
determined to perform registration of the MR images.
[0050] Next, in step S420, the morphology of the radi-
ation attenuation image is transformed with respect to
the bone portions extracted in step S400, and is com-
bined with the radiation attenuation coefficients deter-
mined in step S130.

[0051] In the present embodiment, bone portions are
extracted first, and the morphological transformation is
performed only on the bone portions. This eliminates the
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need for the determination of step S120, and results in
high precision.

[0052] In any of the foregoing embodiments, the data-
base 20 of the standard radiation attenuation image g
is used. As in an eighth embodiment shown in Fig. 13, a
database 30 of a standard CT image c; may be used
instead.

[0053] In the present embodiment, in the same step
S200 as that of the first embodiment, transformation F{}
such that m = F{m,} is determined to perform registration
to the MR image m obtained in step S100.

[0054] Next, in step S520, morphological transforma-
tion ¢ = F{cg} of the standard CT image is similarly de-
termined.

[0055] Next, in step S530, transformation from the CT
image c, to the radiation attenuation image p is deter-
mined.

[0056] Then, if the determination result of step S120
is positive, the pixel values of the morphologically trans-
formed standard radiation attenuation image are as-
signed to, for example, a low intensity region in step
S300.

[0057] According to the present embodiment, the ra-
diation attenuation coefficients can be assigned by using
the CT image which has a smaller difference in resolution
fromthe MR image. Despite being a CT image, the stand-
ard image is subject to a drop in resolution due to aver-
aging processing. The processing for absorbing a differ-
ence in resolution like the third to sixth embodiments is
thus effective.

[0058] Next, Fig. 14 shows a ninth embodiment of the
present invention which similarly uses a CT image.
[0059] Inthe presentembodiment,ina processing pro-
cedure similar to that of the eighth embodiment shown
in Fig. 13, the pixel values of the morphologically trans-
formed CTimage arereferred to in step S540 with respect
to the regions determined to include multiple tissues hav-
ing different radiation attenuation coefficients in step
S120. In step S550, the CT image is segmented into re-
gions only in the portions including the multiple tissues.
Then, in step S130, the radiation attenuation coefficients
of the tissues for radiation are assigned.

[0060] Specifically, as in a tenth embodiment shown
in Fig. 15, after the end of step S540, the processing
proceeds to step S560 to determine whether the region
is a high intensity in the CT image. If the determination
result is positive and the region is determined to be a
bone region, the processing proceeds to step S570 to
assign the radiation attenuation coefficient of bone.
[0061] On the other hand, if the determination result of
step S560 is negative and the region is determined to be
an air region, the processing proceeds to step S580 to
assign the radiation attenuation coefficient of air.
[0062] Inthe presentembodiment, asillustrated in Fig.
16, bone and air are distinguished by using the CT image.
This enables highly accurate assignment.

[0063] Next, Fig. 17 shows an eleventh embodiment
of the present invention which similarly uses a CT image
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to extract bones.

[0064] The present embodiment includes processing
similar to that of the seventh embodiment shown in Fig.
12. In step S600, bones c, are extracted from the data-
base 30 of the standard MR image mg and the standard
CTimage cs. Next, in step S610, the radiation attenuation
coefficient pg, of bone is assigned. Next, in step S200,
the MR image is registered. In step S420, the morpho-
logical transformation of the standard radiation attenua-
tion image is performed.

[0065] Note that if the estimation by the transformation
F{} is imperfect and some gaps or overlaps occur, then
in step S640, correction processing may be performed
by morphological dilation and erosion and/or nearest
neighbor interpolation according to need.

[0066] Fig. 18 shows the processing results of an im-
age of a subject with pseudo sinusitis by the conventional
methods and the method of the present invention in a
comparative manner.

[0067] Itis clear that the method of the present inven-
tion provides better correlation than the segmentation
method and the standard image reference method.
[0068] Fig. 19 shows a twelfth embodiment in which
the standard radiation attenuation image is used instead
of the standard CT image in the ninth embodiment shown
in Fig. 14. Differences from the ninth embodiment consist
in that a database 30 of the standard MR image and the
standard radiation attenuation image is used as the da-
tabase, and that in steps S522, S542, and S552, the
standard radiation attenuation image is used instead of
the standard CT image. In other respects, the present
embodiment is the same as the ninth embodiment. A
description thereof is thus omitted.

[0069] Next, embodiments using a standard UTE im-
age instead of the standard radiation attenuation image
or the standard CT image will be described.

[0070] Fig. 20 shows a thirteenth embodiment in which
the standard UTE image is used instead of the standard
CT image in the eighth embodiment shown in Fig. 13.
Differences from the eighth embodiment consist in that
a database 40 of the standard MR image and the stand-
ard UTE image is used as the database, and that in steps
S524 and S534, the standard UTE image is used instead
of the standard CT image. In other respects, the present
embodiment is the same as the eighth embodiment. A
description thereof is thus omitted.

[0071] Fig. 21 shows a fourteenth embodiment in
which the standard UTE image is used instead of the
standard CT image in the ninth embodiment shown in
Fig. 14. Differences from the ninth embodiment consist
in that the database 40 of the standard MR image and
the standard UTE image is used as the database, and
that in steps S524, S544, and S554, the standard UTE
image is used instead of the standard CT image. In other
respects, the present embodiment is the same as the
ninth embodiment. A description thereof is thus omitted.
[0072] Fig. 22 shows a fifteenth embodiment in which
the standard UTE image is used instead of the standard
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CT image in the eleventh embodiment shown in Fig. 17.
A difference from the eleventh embodiment consists in
that the database 40 of the standard MR image and the
standard UTE image is used as the database. In other
respects, the present embodiment is the same as the
eleventh embodiment. A description thereof is thus omit-
ted.

[0073] Moreover, asin a sixteenth embodiment shown
in Fig. 23 and a seventeenth embodiment shown in Fig.
24, the standard image and/or the radiation attenuation
coefficients can be customized on the basis of personal
information about the subject (DNA, age, sex, height,
weight, place of birth, place of residence, medical history,
and the like) with a further improvement in accuracy. In
Figs. 23 and 24, S700 represents a step of acquiring
personal information. S710 represents a step of gener-
ating radiation attenuation coefficients on which the per-
sonal information is reflected. S729 represents a step of
generating a standard MR image and a standard radia-
tion attenuation image on which the personal information
is reflected. In other respects, the embodiments are the
same as the first embodiment shown in Fig. 4. A descrip-
tion thereof is thus omitted.

[0074] Note that the standard image to be used with
the standard MR image is not limited to the radiation at-
tenuation image. Other embodiments are also applicable
by the following translation according to the database.
With the database 30 of the standard MR image and the
standard CT image, S210 may be replaced with S520
and S530 of Fig. 13. With the database 40 of the standard
MR image and the standard UTE image, S210 may be
replaced with S524 and S534 of Fig. 20.

[0075] The subject’s own radiation attenuation correc-
tion values or the radiation attenuation image, or the CT
image or the UTE image may be repeatedly used as at
least either one of the radiation attenuation correction
value table and the standard image.

[0076] In the foregoing embodiments, the present in-
vention is applied to brain images. However, the appli-
cations of the present invention are not limited thereto.
The number of segmented regions is not limited to three,
either, including a high intensity region, a medium inten-
sity region, and a low intensity region.

INDUSTRIAL APPLICABILITY

[0077] The presentinvention is applicable to PET/MRI
which combines PET with MRI.

REFERENCE SIGNS LIST
[0078]

10 ... subject

12 ... radiation source

14 ... detector

20 ... database of standard MR image and standard
radiation attenuation image
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30 ... database of standard MR image and standard
CT image

40 ... database of standard MR image and standard
UTE image

Claims

1. A method for generating an image for Positron Emis-
sion Tomography, PET, attenuation correction from
a Magnetic Resonance, MR, image, comprising:

segmenting an MR image captured by MR im-
aging, MR, into regions according to pixel val-
ues, and determining a radiation attenuation
correction value in each region, characterized
by

determining for each region on the basis of the
pixel values of the MR image whether it is one
in which a radiation attenuation coefficient is
considered to be uniform,

determining a radiation attenuation correction
value in each region in which the radiation at-
tenuation coefficient is considered to be uniform
by referring to an existing radiation attenuation
correction value table, and

determining a radiation attenuation correction
value in each region in which the radiation at-
tenuation coefficient is considered to not be uni-
form, the region including multiple tissues hav-
ing different radiation attenuation coefficients,
by referring to attenuation values of a standard
image.

2. The method for generating an image for PET atten-

uation correction from an MR image according to
claim 1, wherein the standard image is deformed to
an MR image of a subject when the standard image
is referred to.

3. The method for generating an image for PET atten-
uation correction from an MR image according to
claim 2, wherein the standard image is referred to
by using an image of whole body tissue or an image
of some tissues of the body tissue.

4. The method for generating an image for PET atten-

uation correction from an MR image according to
any one of claims 1 to 3, wherein the standard image
is an image for PET attenuation correction, a CT im-
age, or a ultrashort echo time MR image.

5. The method for generating an image for PET atten-
uation correction from an MR image according to
any one of claims 1 to 4, wherein the MR image and
the standard image are adjusted to each other in
resolution.
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The method for generating an image for PET atten-
uation correction from an MR image according to
any one of claims 1 to 5, wherein at least either one
of the radiation attenuation correction value table
and the standard image is modified according to per-
sonal information about the subject.

The method for generating an image for PET atten-
uation correction from an MR image according to
any one of claims 1 to 5, wherein subject’'s own ra-
diation attenuation correction values or the image
for PET attenuation correction, or the CT image or
the UTE image is repeatedly used as at least either
one of the radiation attenuation correction value ta-
ble and the standard image.

A computer program comprising computer-execut-
able instructions, which, when executed by the proc-
essor of a computer, performs the method as set
forth in any one of claims 1 to 7.

Patentanspriiche

Verfahren zur Erzeugung eines Bildes zur Positro-
nen-Emissions-Tomographie (PET) -Dampfungs-
korrektur aus einem Magnetresonanz (MR) -Bild,
mit:

Segmentieren eines MR-Bildes, das durch MR-
Bildgebung (MRI) aufgenommen wurde, in Be-
reiche nach Pixelwerten, und Bestimmen eines
Strahlungsdampfungskorrekturwerts in jedem
Bereich,

gekennzeichnet, durch

Entscheiden auf Basis der Pixelwerte des MR-
Bildes fiir jeden Bereich, ob er ein Bereich ist,
in dem der Strahlungsdampfungskoeffizient als
gleichférmig angenommen wird,

Bestimmen eines Strahlungsddmpfungskorrek-
turwerts fir jeden Bereich, in dem der Strah-
lungsdampfungskoeffizient als einheitlich ange-
nommen wird, indem auf eine vorhandene
Strahlungsdampfungskorrektur-Wertetabelle
Bezug genommen wird, und

Bestimmen eines Strahlungsddmpfungskorrek-
turwertes fiir jeden Bereich, in dem der Strah-
lungsdampfungskoeffizient als uneinheitlich an-
genommen wird, wobei der Bereich mehrere
Gewebe enthalt, die unterschiedliche Strah-
lungsdampfungskoeffizienten haben, indem auf
Dampfungswerte eines Standardbildes Bezug
genommen wird.

Verfahren zur Erzeugung eines Bildes zur PET-
Dampfungskorrektur, aus einem MR-Bild nach An-
spruch 1, wobei das Standardbild zu einem MR Bil-
des eines Patienten verformt wird, wenn auf das
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Standardbild Bezug genommen wird.

Verfahren zur Erzeugung eines Bildes zur PET-
Dampfungskorrektur aus einem MR-Bild nach An-
spruch 2, wobei auf das Standardbild Bezug genom-
men wird, indem ein Bild des gesamten Kérperge-
webes oder ein Bild von einigen Geweben des Kor-
pergewebes verwendet wird.

Verfahren zur Erzeugung eines Bildes zur PET-
Dampfungskorrektur aus einem MR-Bild nach einem
der Anspriiche 1 bis 3, wobei das Standardbild ein
Bild zur PET-Dampfungskorrektur, ein CT-Bild oder
ein ultrakurzes Echozeit-MR-Bild ist.

Verfahren zur Erzeugung eines Bildes zur PET-
Dampfungskorrektur aus einem MR-Bild nach einem
der Anspriiche 1 bis 4, wobei das MR-Bild und das
Standardbild in ihrer Auflésung aneinander ange-
passt werden.

Verfahren zur Erzeugung eines Bildes zur PET-
Dampfungskorrektur aus einem MR-Bild nach einem
der Anspriiche 1 bis 5, wobei die Strahlungsdamp-
fungskorrektur-Wertetabelle und/oder das Stan-
dardbild nach persoénlichen Informationen tber den
Patienten modifiziert werden.

Verfahren zur Erzeugung eines Bildes zur PET-
Dampfungskorrektur aus einem MR-Bild nach einem
der Anspriiche 1 bis 5, wobei eigene Strahlungs-
dampfungskorrekturwerte des Patienten oder das
Bild zur PET-Dampfungskorrektur oder das CT-Bild
oder das UTE Bild mehrfach als die Strahlungs-
dampfungskorrekturwerte-Tabelle und/oder das
Standardbild verwendet werden.

Computerprogramm mit computerausfiihrbaren An-
weisungen, die, wenn sie auf einem Prozessor eines
Computers ausgefiihrt, werden ein Verfahren nach
einem der Anspriiche 1 bis 7 durchfiihren.

Revendications

Procédé destiné a générer une image pour la cor-
rection de I'atténuation en tomographie par émission
de positrons, TEP, a partir d’'une image de résonan-
ce magnétique, RM, comprenant ;

la segmentation d’une image de RM capturée par
imagerie de RM, IRM, en régions en fonction de va-
leurs de pixel, et la détermination d’une valeur de
correction de l'atténuation de la radiation dans cha-
que région,

caractérisé par

le fait de déterminer, pour chaque région, sur la base
des valeurs de pixel de I'image de RM, s'’il s’agit
d’une région dans laquelle un coefficient d’atténua-
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tion de la radiation est considéré étre uniforme,

la détermination d’une valeur de correction de I'at-
ténuation dans chaque région dans laquelle le coef-
ficient d’atténuation de laradiation est considéré étre
uniforme en prenant pour référence un tableau exis-
tant des valeurs de correction de I'atténuation de la
radiation, et

la détermination d’une valeur de correction de I'at-
ténuation de la radiation dans chaque région dans
laquelle le coefficient d’atténuation de la radiation
est considéré ne pas étre uniforme, la région com-
prenant de multiples tissus ayant des coefficients
d’atténuation de la radiation différents, en se référant
aux valeurs d’atténuation d’'une image standard.

Procédé destiné a générer une image pour la cor-
rection de I'atténuation de la TEP, a partir d’'une ima-
ge de RMselon larevendication 1, dans lequel 'ima-
ge standard est transformée en une image de RM
d’'un sujet lorsque I'image standard est prise en ré-
férence.

Procédé destiné a générer une image pour la cor-
rection de I'atténuation de la TEP, a partir d’'une ima-
ge de RMselon larevendication 2, dans lequel 'ima-
ge standard est prise en référence en utilisant une
image du tissu de la totalité du corps ou une image
de certains tissus du tissu du corps.

Procédé destiné a générer une image pour la cor-
rection de I'atténuation de la TEP, a partir d’'une ima-
gede RMselonl’'une quelconque desrevendications
1 a 3, dans lequel I'image standard est une image
pour la correction de I'atténuation de la TEP, une
image de tomographie assistée par ordinateur, ou
une image de RM a temps d’écho ultra-court.

Procédé destiné a générer une image pour la cor-
rection de I'atténuation de la TEP, a partir d’'une ima-
gede RMselonl'une quelconque desrevendications
1a4, dans lequel 'image de RM et I'image standard
s’harmonisent 'une avec l'autre au niveau de leur
résolution.

Procédé destiné a générer une image pour la cor-
rection de I'atténuation de la TEP, a partir d’'une ima-
gede RMselonl'une quelconque desrevendications
1 a 5, dans lequel au moins I'un ou l'autre parmi le
tableau des valeurs de la correction de I'atténuation
de la radiation et 'image standard est modifié en
fonction d’'une information personnelle concernant
le sujet.

Procédé destiné a générer une image pour la cor-
rection de I'atténuation de la TEP, a partir d’'une ima-
gede RMselonl’'une quelconque desrevendications
1 a 5, dans lequel les valeurs de correction de I'at-
ténuation de la radiation propres au sujet ou 'image
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de la correction de I'atténuation dela TEP, oul'image
de tomographie assistée par ordinateur ou I'image
a temps d’écho ultracourt sont utilisées a plusieurs
reprises comme au moins l'un ou l'autre parmi le
tableau des valeurs de la correction de I'atténuation
de la radiation et I'image standard.

Programme informatique comprenant des instruc-
tions exécutables par ordinateur, qui, quand elles
sont exécutées par le processeur d’'un ordinateur,
mettenten oeuvre le procédé selon'une quelconque
des revendications 1 a 7.
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