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Description
Field
[0001] Embodiments described herein relate generally

to a PET (Positron Emission Tomography)-MRI| (Mag-
netic Resonance Imaging) apparatus.

Background

[0002] Inmanycases, MRIapparatuses have been uti-
lized toinspect cephalic regions, forexample. Ilthas been
also expected that PET apparatuses are utilized to in-
spect cephalic regions, e.g., to diagnose Alzheimer dis-
eases. Hence, recently, it has been expected to realize
a PET-MRI apparatus combining a PET apparatus and
an MRI apparatus.

[0003] The MRI apparatuses, however, have some
limitations. For example, a photomultiplier tube (PMT)
used as a detector of a conventional PET apparatus can-
not be used when the PET-MRI apparatus is intended to
be realized because a strong radio frequency magnetic
field is used in the MRI apparatus. Therefore, a PET-MRI
apparatus has been proposed that uses an APD (Ava-
lanche Photodiode) element or a SiPM (Silicon Photom-
ultiplier) instead of the PMT, for example.

[0004] In some conventional PET-MRI apparatuses, a
PET detector is disposed at the magnetic field center
included in an effective imaging region of MR images.
Such a disposition is the most suitable for taking PET
images. However, in order to take MR images, this dis-
position is not always the most suitable because MR im-
ages having sufficient image quality are not obtained in
some cases due to influence of material of the PET de-
tector disposed around the magnetic field center.
[0005] WO 2009/107005 relates to an imaging system
comprising: a magnetic resonance scanner having a cy-
lindrical bore defining a cylinder axis (DA), the magnetic
resonance scanner having a gradient coil (10, 10°) defin-
ing an isocenter within the bore and an isoplane passing
through the isocenter and oriented transverse to the cyl-
inder axis; a ring of radiation detectors arranged concen-
tric with the cylindrical bore and configured to detect ra-
diation emanating from within the bore; and a generally
annular electronic circuit board arranged concentric with
the cylindrical bore and centered on the isoplane, the
generally annular electronic circuit board operatively
connected with the ring of radiation detectors to generate
electrical signals indicative of detection of radiation by
the ring of radiation detectors. US 7 667 457 relates to a
gamma ray detector ring for a combined positron emis-
sion tomography (PET) and magnetic resonance imag-
ing (MR1) system which is integrated into a radio frequen-
cy (RF) coil assembly such that the detector ring is inte-
grated with a RF shield. Each gamma ray detector in the
detector ring includes a scintillator component that emits
light when a gamma ray is detected and a photodetector
component designed to be sensitive to the frequency of
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light produced by the scintillator. A RF shield may be
integrated into a detector ring such that the RF shield is
positioned between the scintillator and photodetector
components of each detector, thereby saving valuable
radial space within the imaging system. Multiple such
detector rings may be located adjacent to one another
toincrease axial coverage and enable three-dimensional
PET imaging technigues.

Brief Description of Drawings
[0006]

FIG. 1isaschematicillustrating a structure of a PET-
MRI apparatus according to a first embodiment.
FIG. 2is aschematicillustrating an elementarrange-
ment at a periphery of a PET detector according to
the first embodiment.

FIG. 3 is a schematic illustrating the element ar-
rangement at the periphery of the PET detector ac-
cording to the first embodiment when viewed from
an axial direction of a bore.

FIG. 4 is a schematicillustrating a vibration damping
mechanism according to the first embodiment.
FIG. 5isa schematicillustrating an effective imaging
region of the PET-MRI apparatus according to the
first embodiment.

FIG.6is aschematicillustrating an elementarrange-
ment at a periphery of a PET detector according to
a second embodiment.

FIG. 7 is a schematic to explain a step-and-shoot
according to a third embodiment.

Description of Embodiments

[0007] A PET-MRI apparatus according to an embod-
iment is recited in claim 1.

[0008] Embodiments of a PET-MRI apparatus are de-
scribed in detail below with reference to the accompany-
ing drawings.

[First embodiment]

[0009] First, a structure of a PET-MRI apparatus ac-
cording to a first embodiment is described. FIG. 1is a
schematic illustrating a structure ofa PET-MRI apparatus
100 according to the first embodiment. As illustrated in
FIG. 1, the PET-MRI apparatus 100 includes a magnet
1, a couch 2, a gradient coil 3, a gradient coil driving
circuit 4, a transmitting radio frequency coil 5, a transmit-
ter 6, a receiving radio frequency coil 7, a receiver 8, an
MR data acquisition unit 9, a computer 10, a console 11,
adisplay 12, PET detectors 13a and 13b, signal lines 14,
a PET data acquisition unit 15, a PET image reconstruc-
tion unit 16, a sequence controller 17, a PET detector
power source 18, and power source cables 19.

[0010] The magnet 1, which is a seamless structure,
generates a static magnetic field in a bore having an ap-
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proximately cylindrical shape. The bore is formed as the
inner surface of a gantry having an approximately cylin-
drical shape and housing the magnet 1, the gradient coil
3, and the like. The couch 2 has a couchtop 2a on which
a subject P is placed. When the subject P is imaged, the
couch 2 moves the couchtop 2ainto aninside of the bore,
so thatthe subject P is moved in the static magnetic field.
[0011] The gradient coil 3 applies gradient magnetic
fields Gx, Gy, and Gz on the subject P. The magnetic
field intensities of the gradient magnetic fields Gx, Gy,
and Gz in the same direction (Z direction) as the static
magnetic field change linearly in relation to the distance
from the magnetic field center in the X, Y, and Z direc-
tions, respectively. The gradient coil 3 is formed in an
approximately cylindrical shape and disposed on a side
adjacent to an inner circumference of the magnet 1. The
gradient cail driving circuit 4 drives the gradient coil 3
under control of the sequence controller 17.

[0012] The transmitting radio frequency coil 5 applies
a radio frequency magnetic field on the subject P placed
in the static magnetic field based on a radio frequency
pulse transmitted from the transmitter 6. The transmitting
radio frequency coil 5 is formed in an approximately cy-
lindrical shape and disposed on a side adjacent to an
inner circumference of the gradient coil 3. The transmitter
6 transmits the radio frequency pulse to the transmitting
radio frequency coil 5 under control of the sequence con-
troller 17.

[0013] The receiving radio frequency coil 7 detects a
magnetic resonance signal emitted from the subject P
due to the application of the radio frequency magnetic
field and the gradient magnetic field on the subject P. For
example, the receiving radio frequency coil 7 is a surface
coil disposed on a surface of the subject P corresponding
to a region to be imaged. For example, when a body
region of the subject P is imaged, two receiving radio
frequency coils 7 are disposed on the upper side and the
lower side of the subject P. The receiver 8 receives the
magnetic resonance signal detected by the receiving ra-
dio frequency coil 7 under control of the sequence con-
troller 17. The receiver 8 transmits the received magnetic
resonance signal to the MR data acquisition unit 9.
[0014] The MR data acquisition unit 9 acquires the
magnetic resonance signal sentfromthe receiver 8 under
control of the sequence controller 17. The MR data ac-
quisition unit 9 amplifies the acquired magnetic reso-
nance signal and performs detection on the amplified sig-
nal. Thereafter, the MR data acquisition unit 9 A/D-con-
verts the signal after the detection and sends the con-
verted signalto the computer 10. The computer 10, which
is controlled with the console 11, reconstructs an MR
image based onthe magnetic resonance signal sent from
the MR data acquisition unit 9. The computer 10 allows
the display 12 to display the reconstructed MR image.
[0015] The PET detectors 13a and 13b detect, as
counting information, gamma rays emitted from positron
emitting radionuclides injected into the subject P. The
PET detectors 13a and 13b are each formed in a ring
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shape and disposed on a side adjacent to an inner cir-
cumference of the transmitting radio frequency coil 5. For
example, the PET detectors 13a and 13b are each
formed by arranging detector modules including scintil-
lators and photo detectors in a ring shape. Examples of
the scintillator include LYSO (Lutetium Yttrium Oxyortho-
silicate), LSO (Lutetium Oxyorthosilicate), and LGSO
(Lutetium Gadolinium Oxyorthosilicate). The photo de-
tector is, for example, a semiconductor detector such as
an APD (Avalanche Photodiode) element and a SiPM
(Silicon Photomultiplier). The PET detectors 13aand 13b
send the detected counting information to the PET data
acquisition unit 15 through the signal lines 14.

[0016] The PET data acquisition unit 15 produces si-
multaneous counting information under control of the se-
guence controller 17. The PET data acquisition unit 15
produces, as the simultaneous counting information, a
combination of counting information of gamma rays (in-
cluding annihilation radiation) that are emitted from the
positron emitting radionuclides and approximately simul-
taneously detected by using the counting information of
the gamma rays detected by the PET detectors 13a and
13b.

[0017] The PET image reconstruction unit 16 recon-
structs a PET image by using the simultaneous counting
information produced by the PET data acquisition unit 15
as projection data. The PET image reconstructed by the
PET image reconstruction unit 16 is transmitted to the
computer 10 and displayed on the display 12. The se-
guence controller 17 controls the above-described ele-
ments based on various imaging sequences executed
when the subject is imaged. The PET detector power
source 18 supplies the PET detectors 13a and 13b with
power to drive the photo detectors through the power
source cables 19.

[0018] An element arrangement at a periphery of the
PET detectors 13a and 13b is described below. FIG. 2
is a schematic illustrating the element arrangement at
the periphery ofthe PET detectors 13aand 13b according
to the first embodiment. A dot 20 illustrated in FIG. 2
represents the magnetic field center of the static mag-
netic field. A region 21 surrounded with the dashed line
in FIG. 2 represents an effective imaging region of the
MR image.

[0019] As illustrated in FIG. 2, the PET detectors 13a
and 13b are disposed on a side adjacent to an inner cir-
cumference of a bore 22 in the first embodiment. The
PET detectors 13a and 13b are disposed with a space
therebetween in an axial direction of the bore 22 so as
tointerpose the magneticfield center 20 of the static mag-
netic field generated by the magnetostatic magnet 1 ther-
ebetween. That is, in the first embodiment, the PET de-
tectors 13a and 13b are disposed so as to avoid the pe-
riphery of the magnetic field center included in the effec-
tive imaging region of the MR image. As a result, deteri-
oration of image quality of the MR image due to the in-
fluence of the PET detectors is suppressed.

[0020] In addition, the signal lines 14 and the power
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source cables 19 that are connected to the PET detectors
13a and 13b are routed so as not to pass through the
periphery of the magnetic field center 20 of the static
magnetic field generated by the magnet 1. For example,
as illustrated in FIG. 2, the signal line 14 and the power
source cable 19 that are connected to the PET detector
13a are combined and routed from the PET detector 13a
to a side opposite the magnetic field center 20. Likewise,
the signal line 14 and the power source cable 19 that are
connected to the PET detector 13b are combined and
routed from the PET detector 13b to a side opposite the
magnetic field center 20. The signal line 14 and the power
source cable 19 may be combined with cables connected
to the transmitting radio frequency coil 5 and routed, for
example.

[0021] The PET detectors 13a and 13b each converts
a signal relating to the detected gamma rays from an
analog signal to a digital signal, thereafter further con-
verts the digital signal into an optical signal, and outputs
the optical signal. The PET detectors 13a and 13b each
may convert a signal relating to the detected gamma rays
from an analog signal to a digital signal, thereafter further
convert the digital signal into a radio signal, and outputs
the radio signal. in this way, signals output from the PET
detectors 13a and 13b are converted into optical signals
or radio signals. As a result, noises caused by the digital
signals can be prevented.

[0022] The PET-MRIapparatus 100 includes a moving
mechanism that moves the PET detectors 13a and 13b
along the axial direction of the bore 22. FIG. 3 is a sche-
matic illustrating the element arrangement at the periph-
ery of the PET detectors 13a and 13b according to the
first embodiment when viewed from the axial direction of
the bore 22. FIG. 3 illustrates the element arrangement
when the inside of the bore is viewed from an opening
on a side on which the PET detector 13a is disposed.
[0023] As illustrated in FIG. 3, a moving mechanism
23 istwo rails disposed on the internal surface of the bore
22 at the lower side, for example. For example, the mov-
ing mechanism 23 is engaged with a rail engagement
portion formed in a groove shape on the outer circumfer-
ence surface of the PET detector 13a and supports the
PET detector 13a so as to be movable along the axial
direction of the bore 22. Likewise, the moving mechanism
23 to move the PET detector 13b is provided on the PET
detector 13b.

[0024] The PET detectors 13a and 13b can be attach-
able to and detachable from the corresponding moving
mechanism 23, so that they can be inserted in and re-
moved from the bore 22 by passing through both sides
of the bore 22. The structure allowing the PET detectors
13a and 13b to be attachable and detachable enables
the PET detectors 13a and 13b to be relatively easily
built in a conventional MRI apparatus, allowing the PET-
MRI apparatus to be widely popularized.

[0025] The moving mechanism 23 moves the PET de-
tectors 13a and 13b based onimaging modes under con-
trol of the computer 10. For example, the moving mech-
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anism 23 automatically moves the PET detectors 13a
and 13bbased on an imaging conditionthat the computer
10 receives from an operator. Alternatively, the moving
mechanism 23 may move the PET detectors 13a and
13b based on a movement instruction input by an oper-
ator through the console 11.

[0026] As a specific example, when an imaging mode
is executed in which the PET image and the MR image
are taken simultaneously, the moving mechanism 23
moves the PET detectors 13a and 13b to a position at
which they interpose the magnetic field center 20 of the
static magnetic field therebetween before imaging starts.
As another example, when an imaging mode is executed
in which only the PET image is taken, the moving mech-
anism 23 moves the PET detectors 13a and 13b so as
to be adjacent to each other before imaging starts. As
still another example, when animaging mode is executed
in which only the MR image is taken, the moving mech-
anism 23 moves the PET detectors 13a and 13b out of
the static magnetic field.

[0027] Forexample, the moving mechanism 23 moves
the PET detectors 13a and 13b based on the imaging
condition for taking the PET image and/or the imaging
condition for taking the MR image. For example, when
moving the PET detectors 13a and 13b, the moving
mechanism 23 changes the distance between the PET
detectors 13a and 13b after being moved based on a
size of an FOV (Field Of View) set as the imaging con-
dition for taking the MR image and a type of the receiving
radio frequency coil 7.

[0028] The PET-MRI apparatus 100 includes a vibra-
tion damping mechanism that fixes a position of each
PET detector after the PET detectors 13a and 13b are
moved to an imaging position by the moving mechanism
23 and damps vibration transmitted from the gradient coil
3to each PET detector. FIG. 4 is a schematic illustrating
a vibration damping mechanism 24 according to the first
embodiment. As illustrated in FIG. 4, the vibration damp-
ing mechanism 24 is disposed at an engaged portion
between the PET detector 13a and the moving mecha-
nism 23, for example. Likewise, the vibration damping
mechanism 24 is disposed at an engaged portion be-
tween the PET detector 13b and the moving mechanism
23.

[0029] The effective imaging region of the PET-MRI
apparatus 100 according to the first embodiment is de-
scribed below. FIG. 5 is a schematic illustrating the ef-
fective imaging region of the PET-MRI apparatus 100
according to the first embodiment. As illustrated in FIG.
5, inthe PET-MR| apparatus 100, a region 25a surround-
ed by the inner circumference surface of the PET detector
13a and aregion 25b surrounded by the inner circumfer-
ence surface of the PET detector 13b are the effective
imaging region in which only the PET image can be taken.
[0030] In addition, as illustrated in FIG. 5, a region 27
that is included in both of a region 26 formed between
the inner circumference surface of the PET detector 13a
and the inner circumference surface of the PET detector
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13b and the effective imaging region 21 of the MRimage
is the effective imaging region in which the PET image
and the MR image can be taken simultaneously. The
effective imaging region 27 has a shape obtained by
bonding the bottoms of circular cones each other.
[0031] In this way, in the PET-MRI apparatus 100 ac-
cording to the first embodiment, the effective imaging re-
gion 21 inwhich the MR image can be taken, the effective
imaging regions 25a and 25b in which the PET image
can be taken, and the effective imagingregion 27 in which
the MR image and the PET image can be simultaneously
taken are set.

[0032] As described above, the PET-MRI apparatus
100 according to the first embodiment includes the mag-
netostaticmagnet 1, the transmitting radio frequency coil
5, the gradient coil 3, the receiving radio frequency coil
7, the computer 10, the PET detectors 13a and 13b, and
the PET image reconstruction unit 16. The magnetostatic
magnet 1, which is the seamless structure, generates
the static magneticfield in the bore 22 having a cylindrical
shape. The transmitting radio frequency coil 5 applies
the radio frequency pulse on the subject P placed in the
static magnetic field. The gradient coil 3 applies the gra-
dient magnetic field on the subject P on which the radio
frequency pulse is applied. The receiving radio frequency
coil 7 detects the magnetic resonance signal emitted from
the subject P due to the application of the radio frequency
pulse and the gradient magnetic field on the subject P.
The computer 10 reconstructs the MR image based on
the magnetic resonance signal detected by the receiving
radio frequency coil 7. The PET detectors 13a and 13b
are each formed in a ring shape and detect gamma rays
emitted from positron emitting radionuclides injected into
the subject P. The PET image reconstruction unit 16 re-
constructs the PET image from projection data produced
based on the gamma rays detected by the PET detectors
13a and 13b. The PET detectors 13a and 13b are dis-
posed with a space therebetween in the axial direction
ofthe bore 22 so as to interpose the magnetic field center
20 of the static magnetic field therebetween. In this way,
in the first embodiment, the PET detectors 13a and 13b
are disposed so as to avoid the periphery of the magnetic
field centerincluded in the effective imaging region of the
MR image. As aresult, according to the firstembodiment,
deterioration of image quality of the MR image due to the
influence of the PET detectors can be suppressed.
[0033] In the first embodiment, the PET detectors 13a
and 13b are disposed on the side adjacent to the inner
circumference of the transmitting radio frequency coail 5.
As aresult, the PET detectors 13a and 13b can be easily
added to a conventional MRI apparatus having an imag-
ing space on the side adjacent to the inner circumference
of the transmitting radio frequency coil 5, allowing the
PET-MRI apparatus to be easily realized.

[0034] Inthe firstembodiment, the moving mechanism
23 moves the PET detectors 13a and 13b along the axial
direction of the bore 22 based on the imaging modes. As
aresult, when both or one of the PET image and the MR
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image is taken, the PET detectors 13a and 13b can be
moved to a proper position based on the type of imaging
to be executed.

[0035] Inthe firstembodiment, whenthe imaging mode
is executed in which the PET image and the MR image
are taken simultaneously, the moving mechanism 23
moves the PET detectors 13a and 13b to the position at
which they interpose the magnetic field center 20 of the
static magnetic field therebetween before imaging starts.
As a result, when the PET image and the MR image are
imaged simultaneously, the MR image having high qual-
ity can be easily taken.

[0036] Inthe firstembodiment, whenthe imaging mode
is executed in which only the PET image is taken, the
moving mechanism 23 movesthe PET detectors 13aand
13b so as to be adjacent to each other before imaging
starts. As a result, when only the PET image is taken, a
wider imaging region can be provided.

[0037] Inthe firstembodiment, whenthe imaging mode
is executed in which only the MR image is taken, the
moving mechanism 23 movesthe PET detectors 13aand
13b out of the static magnetic field. As a result, when
only the MR image is taken, the MR image can be ob-
tained that has no deterioration of image quality due to
the PET detectors 13a and 13b.

[0038] Inthefirst embodiment, the moving mechanism
23 moves the PET detectors 13a and 13b based on the
imaging condition for taking the PET image and/or the
imaging condition for taking the MR image. As a result,
when both or one of the PET image and the MR image
is taken, the distance between the PET detectors 13a
and 13b can be automatically set.

[0039] In the first embodiment, the vibration damping
mechanism 24 fixes the position of each PET detector
after the PET detectors 13a and 13b are moved to the
imaging position by the moving mechanism 23 and
damps vibration transmitted from the gradient coil 3 to
each PET detector. As a result, the PET detectors 13a
and 13b can be protected from mechanical vibration
caused by the gradient coil 3.

[0040] In the first embodiment, the signal lines 14 and
the power source cables 19 that are connected to the
PET detectors 13a and 13b are routed so as not to pass
through the periphery of the magnetic field center 20 of
the static magnetic field. As a result, noises generated
by the signals output from the PET detectors 13a and
13b can be suppressed.

[0041] In the first embodiment, the PET detectors 13a
and 13b each converts a signal relating to the detected
gamma rays from an analog signal to a digital signal,
thereafter further converts the digital signalinto an optical
signal, and outputs the optical signal. As a result, noises
generated by the signals output from the PET detectors
13a and 13b can be more reliably suppressed.

[0042] In the first embodiment, the PET detectors 13a
and 13b each converts a signal relating to the detected
gamma rays from an analog signal to a digital signal,
thereafter further converts the digital signal into a radio
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signal, and outputs the radio signal. As a result, noises
generated by the signals output from the PET detectors
13a and 13b can be more reliably suppressed.

[Second embodiment]

[0043] A second embodiment is described below. In
the first embodiment, the PET detectors 13aand 13b are
disposed on the side adjacent to the inner circumference
of the transmitting radio frequency coil 5. In contrast, in
the second embodiment, PET detectors 33a and 33b are
disposed on a side adjacent to the outer circumference
ofthe transmitting radio frequency coil 5. The basic struc-
ture of a PET-MRI apparatus according to the second
embodiment is the same as that illustrated in FIG. 1 but
only the PET detectors 33a and 33b are arranged in a
different manner from those illustrated in FIG. 1.

[0044] FIG. 6 is a schematic illustrating the element
arrangement at the periphery of the PET detectors 33a
and 33b according to the second embodiment. The ele-
ments having the same function as the elements of FIG.
2 are labeled with the same numerals, and detailed de-
scription thereof is omitted. As illustrated in FIG. 6, the
PET detectors 33a and 33b are disposed on the side
adjacent to the outer circumference of the transmitting
radio frequency coil 5 in the second embodiment. For
example, this structure is used forimaging a body region
by using the transmitting radio frequency coil 5 as a
whole-body transmission RF coil and the receiving radio

frequency coil 7 as a dedicated surface coil for the body
region.
[0045] In the structure, the PET detectors 33aand 33b

are fixedly disposed at the position so as to interpose the
magnetic field center of the static magnetic field there-
between. The PET detectors 33a and 33b may be fixed
to the apparatus with the vibration damping mechanism
that damps vibration generated by the gradient coil 3 in-
terposed therebetween in the same manner as the first
embodiment. For example, the PET detectors 33a and
33b are fixed to the inner circumference surface of the
gradient coil 3 with the vibration damping mechanism
interposed therebetween. As a result, the PET detectors
33a and 33b can be protected from mechanical vibration
caused by the gradient coil 3 also in the second embod-
iment.

[0046] In this way, also in the second embodiment, the
PET detectors 33a and 33b are disposed so as to avoid
the periphery of the magnetic field center included in the
effective imaging region of the MR image. As a result,
according to the second embodiment, deterioration of
image quality of the MR image due to the influence of
the PET detectors can be suppressed in the same man-
ner as the first embodiment.

[Third embodiment]

[0047] A third embodiment is described below. In the
third embodiment, imaging is repeated while the couch-
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top 2a on which the subject P is placed is moved step-
by-step in the axial direction of the bore 22 in the PET-
MRI apparatus described in the first or the second em-
bodiment. Such an imaging method is called a step-and-
shoot. Herein, a case is described in which the step-and-
shoot is performed in the PET-MRI apparatus described
in the first embodiment.

[0048] FIG. 7 is a schematic to explain the step-and-
shootaccording to the third embodiment. In the step-and-
shoot according to the third embodiment, the couch 2
moves the couchtop 2a, so that the subject P is moved
along the axial direction of the bore 22. The computer 10
controls the couch 2 such that a region to be imaged of
the subject P is moved step-by-step in the order of an
approximate center position of the PET detector 13b, an
approximate center position of a region interposed be-
tween the PET detectors 13a and 13b, and an approxi-
mate center position of the PET detector 13a.

[0049] Asaresult, asillustrated in FIG. 7, the receiving
radio frequency coil 7 attached on the imaging position
of the subject P is moved step-by-step. Specifically, the
receiving radio frequency coil 7 is moved in the axial di-
rection of the bore 22 step-by-step by a distance d that
is half of the distance between the centers of the PET
detectors 13a and 13b. As a result, the region to be im-
aged is moved in the axial direction of the bore 22 in the
order of arange 41 in which only the PET image can be
taken, a range 42 in which the MR image and the PET
image can be taken simultaneously, and the range 41 in
which only the PET image can be taken.

[0050] Forexample,the computer 10 controlsthe PET-
MRI apparatus 100 so as to take the PET image when
the region to be imaged is moved to the approximate
center position of the PET detector 13a or the approxi-
mate center position of the PET detector 13b. The com-
puter 10 controls the PET-MRI apparatus 100 so as to
take both or one of the PET image and the MR image
when the region to be imaged is moved to the approxi-
mate center position of the region interposed between
the PET detectors 13a and 13b. In this way, the PET
image and both or one of the PET image and the MR
image can be taken in the order while the region to be
imaged is moved step-by-step. Also in the third embod-
iment, the deterioration ofimage quality of the MR image
due to the influence of the PET detectors can be sup-
pressed in the same manner as the first and the second
embodiments.

[0651] In the first to the third embodiments, the PET
detectors 13a and 13b, i.e., two PET detectors, are dis-
posed. However, the embodiment of the PET-MRI appa-
ratus is not limited to this arrangement. For example, the
number of PET detectors may be three or more. That is,
even when more than two of the PET detectors 13a and
13b are disposed, the PET image and the MR image can
be taken simultaneously in the region interposed be-
tween the PET detectors.

[0052] As described above, according to the first, the
second, orthe thirdembodiment, the PET-MR!apparatus
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can be realized that can suppress the deterioration of
image quality of the MR image due to the influence of
the PET detectors.

[0053] While certain embodiments have been de-
scribed, these embodiments have been presented by
way of example only, and are not intended to limit the
scope of the inventions. Indeed, the novel embodiments
described herein may be embodied in a variety of other
forms; furthermore, various omissions, substitutions and
changesin the form of the embodiments described herein
may be made without departing from the scope of the
appended claims.

Claims

1. APET (Positron Emission Tomography)-MRI (Mag-
netic Resonance Imaging) apparatus (100), com-
prising:

a magnetostatic magnet (1) configured to be a
seamless structure and generate a static mag-
netic field in a bore having a cylindrical shape;
atransmitting radio frequency coil (5) configured
to apply a radio frequency pulse on a subject
placed in the static magnetic field,;

a gradient coil (3) configured to apply a gradient
magnetic field on the subject on which the radio
frequency pulse is applied,

a receiving radio frequency coil (7) configured
to detect a magnetic resonance signal emitted
from the subject due to application of the radio
frequency pulse and the gradient magnetic field
on the subject;

an MR image reconstruction unit (10) configured
to reconstruct an MR image based on the mag-
netic resonance signal detected by the receiving
radio frequency coil (7);

afirst detector (13a, 33a) and a second detector
(13b, 33b) each configured to have a ring shape
and detect gamma rays emitted from a positron
emitting radionuclide injected into the subject;
and

a PET image reconstruction unit (16) configured
to reconstruct a PET image from projection data
produced based on the gamma rays detected
by the first and the second detectors (13a, 13b,
33a, 33b), characterized in that

the first and the second detectors (13a, 13b,
33a, 33b) are spaced apart in an axial direction
of the bore with a space therebetween encom-
passing a center of the static magnetic field, the
space being configured to avoid the effective im-
aging region of the MR image.

2. The PET-MRI apparatus according to claim 1,
wherein the first and the second detectors (13a, 13b,
33a, 33b) are disposed on a side adjacenttoaninner
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10.

circumference of the transmitting radio frequency
coil (5).

The PET-MRI apparatus according to claim 1,
wherein the first and the second detectors (13a, 13b,
33a,33b) are disposed on a side adjacentto an outer
circumference of the transmitting radio frequency
coil (5).

The PET-MRI apparatus according to claim 1, 2, or
3, further comprising a moving unit (23) configured
to move the first and the second detectors (13a, 13b,
33a, 33b) along the axial direction of the bore based
on an imaging mode.

The PET-MRI apparatus according to claim 4,
wherein the moving unit (23) is configured to move
the first and the second detectors (13a, 13b, 33a,
33b) to a position at which the detectors encompass
the magnetic field center of the static magnetic field
before imaging starts when the imaging mode in
which the PET image and the MR image are simul-
taneously taken is executed.

The PET-MRI apparatus according to claim 4,
wherein the moving unit (23) is configured to move
the first and the second detectors (13a, 13b, 33a,
33b) so as to be adjacent to each other before im-
aging starts when the imaging mode in which only
the PET image is taken is executed.

The PET-MRI apparatus according to claim 4,
wherein the moving unit (23) is configured to move
the first and the second detectors (13a, 13b, 33a,
33b) out of the static magnetic field when the imaging
mode in which only the MR image is taken is exe-
cuted.

The PET-MRI apparatus according to claim 4,
wherein the moving unit (23) is configured to move
the first and the second detectors (13a, 13b, 33a,
33b) based on an imaging condition for taking the
PET image and/or an imaging condition for taking
the MR image.

The PET-MRI apparatus according to claim 4, further
comprising a vibration damping unit (24) configured
to fix a position of each detector after the first and
the second detectors (13a, 13b, 33a, 33b) are moved
to an imaging position by the moving unit and damp
vibration transmitted from the gradient coail (3) to
each detector.

The PET-MRI apparatus according to claim 1, 2, or
3, wherein the first and the second detectors (13a,
13b, 33a, 33b) are fixedly disposed at a position at
which the detectors encompass the magnetic field
center of the static magnetic field.
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The PET-MRI apparatus according to claim 10,
wherein the first and the second detectors (13a, 13b,
33a, 33b) are fixed to the apparatus with a vibration
damping unit (24) that damps vibration generated by
the gradient coil (3), the vibration damping unit being
interposed between the first and second detectors
(13a, 13b, 33a, 33b) and the gradient coil (3).

The PET-MRI apparatus according to claim 1, 2, or
3, wherein signal lines and power source lines that
are connected to the first and the second detectors
(13a, 13b, 33a, 33b) are routed so as not to pass
through a periphery of the magnetic field center of
the static magnetic field.

The PET-MRI apparatus according to claim 1, 2, or
3, wherein the first and the second detectors (13a,
13b, 33a, 33b) each are configured to convert a sig-
nal relating to the detected gamma rays from an an-
alog signal to a digital signal, further to convert the
digital signal to an optical signal, and to output the
optical signal.

The PET-MRI apparatus according to claim 1, 2, or
3, wherein the first and the second detectors (13a,
13b, 33a, 33b) each are configured to convert a sig-
nal relating to the detected gamma rays from an an-
alog signal to a digital signal, further to convert the
digital signal to a radio signal, and to output the radio
signal.

The PET-MRI apparatus according to claim 1, 2, or
3, further comprising:

a couch (2) configured to move a couchtop (2a)
on which the subject is placed along the axial
direction of the bore; and

a controller (10) configured to control the couch
(2) such that a region to be imaged is moved to
an approximate center position of the first de-
tector (13a, 33a), an approximate center posi-
tion of a region interposed between the first and
the second detectors (13a, 13b, 33a, 33b), and
an approximate center position of the second
detector (13b, 33b) step-by-step, control the ap-
paratus so as to take the PET image when the
region tobe imaged is moved to the approximate
center position of the first detector or the second
detector (13a, 13b, 33a, 33b), and control the
apparatus so as to take both or one of the MR
image and the PET image when the region to
be imaged is moved to the approximate center
position of the region interposed between the
first and the second detectors (13a, 13b, 33a,
33b).
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Patentanspriiche

PET-(Positronenemissionstomografie-)MRI-(Mag-
netresonanztomografie-)Vorrichtung (100), umfas-
send:

einen magnetostatischen Magneten (1), der da-
furkonfiguriertist, eine nahtlose Struktur zu sein
und ein statisches Magnetfeld in einem Tunnel
mit zylindrischer Form zu erzeugen;

eine Sende-Hochfrequenzspule (5), die dafir
konfiguriert ist, einen Hochfrequenzimpuls auf
einen Probanden anzuwenden, der in dem sta-
tischen Magnetfeld platziert ist;

eine Gradientenspule (3), die dafir konfiguriert
ist, ein Gradienten-Magnetfeld auf den Proban-
den anzuwenden, auf den der Hochfrequenzim-
puls angewendet wird;

eine Empfangs-Hochfrequenzspule (7), die da-
furkonfiguriertist, ein Magnetresonanzsignal zu
erfassen, das vom Probanden aufgrund der An-
wendung des Hochfrequenzimpulses und des
Gradienten-Magnetfeldes auf den Probanden
emittiert wird;

eine MR-Bildrekonstruktionseinheit (10), die da-
fur konfiguriert ist, ein MR-Bild auf der Grundla-
ge des von der Empfangs-Hochfrequenzspule
(7) erfassten Magnetresonanzsignals zu rekon-
struieren;

einen ersten Detektor (13a, 33a) und einen
zweiten Detektor (13b, 33b), die jeweils daflr
konfiguriert sind, eine Ringform zu haben und
Gammastrahlen zu erfassen, die von einem Po-
sitronen emittierenden Radionuklid emittiert
werden, das in den Probanden injiziert wurde;
und

eine PET-Bildrekonstruktionseinheit (16), die
dafur konfiguriert ist, ein PET-Bild aus Projekti-
onsdaten zu rekonstruieren, die auf der Grund-
lage der von dem ersten und dem zweiten De-
tektor (13a, 13b, 33a, 33b) erfassten Gamma-
strahlen erzeugt wurden, dadurch gekenn-
zeichnet, dass

der erste und der zweite Detektor (13a, 13b,
33a, 33b) in Achsenrichtung des Tunnels beab-
standet sind, wobei ein Raum dazwischen eine
Mitte des statischen Magnetfeldes umfasst, wo-
bei der Raum dafur konfiguriert ist, den effekti-
ven Abbildungsbereich des MR-Bildes zu ver-
meiden.

PET-MRI-Vorrichtung nach Anspruch 1, worin der
erste und der zweite Detektor (13a, 13b, 33a, 33b)
aufeiner Seite angeordnet sind, die an eineninneren
Umfang der Sende-Hochfrequenzspule (5) an-
grenzt.

PET-MRI-Varrichtung nach Anspruch 1, worin der
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erste und der zweite Detektor (13a, 13b, 33a, 33b)
auf einer Seite angeordnet sind, die an einen dule-
ren Umfang der Sende-Hochfrequenzspule (5) an-
grenzt.

PET-MRI-Varrichtung nach Anspruch 1, 2 oder 3,
ferner eine Bewegungseinheit (23) umfassend, die
dafur konfiguriert ist, den ersten und den zweiten
Detektor (13a, 13b, 33a, 33b) beruhend auf einem
Abbildungsmodus entlang der Achsenrichtung des
Tunnels zu bewegen.

PET-MRI-Varrichtung nach Anspruch 4, worin die
Bewegungseinheit (23) daflr konfiguriert ist, den
ersten und den zweiten Detektor (13a, 13b, 33a,
33b) vor Beginn der Abbildung in eine Position zu
bewegen, an der die Detektoren die Magnetfeldmitte
des statischen Magnetfeldes umfassen, wenn der
Abbildungsmodus ausgefihrt wird, in dem das PET-
Bild und das MR-Bild gleichzeitig aufgenommen
werden.

PET-MRI-Varrichtung nach Anspruch 4, worin die
Bewegungseinheit (23) daflr konfiguriert ist, den
ersten und den zweiten Detektor (13a, 13b, 33a,
33b) vor Beginn der Abbildung so zu bewegen, dass
sie aneinander angrenzen, wenn der Abbildungsmo-
dus ausgefiihrt wird, in dem nur das PET-Bild auf-
genommen wird.

PET-MRI-Vaorrichtung nach Anspruch 4, worin die
Bewegungseinheit (23) daflr konfiguriert ist, den
ersten und den zweiten Detektor (13a, 13b, 33a,
33b) aus dem statischen Magnetfeld herauszube-
wegen, wenn der Abbildungsmodus ausgefuhrtwird,
in dem nur das MR-Bild aufgenommen wird.

PET-MRI-Vaorrichtung nach Anspruch 4, worin die
Bewegungseinheit (23) daflir konfiguriert ist, den
ersten und den zweiten Detektor (13a, 13b, 33a,
33b) beruhend auf einer Abbildungsbedingung zum
Aufnehmen des PET-Bildes und/oder einer Abbil-
dungsbedingung zum Aufnehmen des MR-Bildes zu
bewegen.

PET-MRI-Varrichtung nach Anspruch 4, ferner eine
Schwingungsdampfungseinheit (24) umfassend, die
dafur konfiguriert ist, eine Position jedes Detektors
zu fixieren, nachdem der erste und der zweite De-
tektor (13a, 13b, 33a, 33b) durch die Bewegungs-
einheit in eine Abbildungsposition bewegt wurden,
und von der Gradientenspule (3) zu jedem Detektor
Uibertragene Schwingungen zu dampfen.

PET-MRI-Varrichtung nach Anspruch 1, 2 oder 3,
worin der erste und der zweite Detektor (13a, 13b,
33a, 33b) fest in einer Position angeordnet sind, in
der die Detektoren die Magnetfeldmitte des stati-
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13.

14.

15.

schen Magnetfeldes umfassen.

PET-MRI-Varrichtung nach Anspruch 10, worin der
erste und der zweite Detektor (13a, 13b, 33a, 33b)
an der Vorrichtung mit einer Schwingungsdamp-
fungseinheit (24) befestigt sind, die durch die Gra-
dientenspule (3) erzeugte Schwingungen dampft,
wobei die Schwingungsdampfungseinheit zwischen
dem ersten und zweiten Detektor (13a, 13b, 33a,
33b) und der Gradientenspule (3) angeordnet ist.

PET-MRI-Vorrichtung nach Anspruch 1, 2 oder 3,
worin Signalleitungen und Stromversorgungsleitun-
gen, die mit dem ersten und dem zweiten Detektor
(13a,13b,33a, 33b) verbunden sind, so verlegt sind,
dass sie nicht durch ein Umfeld der Magnetfeldmitte
des statischen Magnetfeldes verlaufen.

PET-MRI-Vorrichtung nach Anspruch 1, 2 oder 3,
worin der erste und der zweite Detektor (13a, 13b,
33a, 33b) jeweils daflr konfiguriert sind, ein Signal,
das sich auf die erfassten Gammastrahlen bezieht,
von einem analogen Signal in ein digitales Signal zu
konvertieren, und ferner dafir, das digitale Signal in
ein optisches Signal zu konvertieren und das opti-
sche Signal auszugeben.

PET-MRI-Varrichtung nach Anspruch 1, 2 oder 3,
worin der erste und der zweite Detektor (13a, 13b,
33a, 33b) jeweils dafur konfiguriert sind, ein Signal,
das sich auf die erfassten Gammastrahlen bezieht,
von einem analogen Signal in ein digitales Signal zu
konvertieren, und ferner dafir, das digitale Signal in
ein Funksignal zu konvertieren und das Funksignal
auszugeben.

PET-MRI-Varrichtung nach Anspruch 1, 2 oder 3,
ferner umfassend:

eine Liege (2), die dafur konfiguriertist, eine Lie-
geflache (2a), auf welcher der Proband platziert
ist, entlang der Achsenrichtung des Tunnels zu
bewegen; und

eine Steuerungseinrichtung (10), die dafiir kon-
figuriert ist, die Liege (2) so zu steuern, dass ein
abzubildender Bereich Schritt fur Schritt in eine
ungefahre Mittenposition des ersten Detektors
(13a, 33a), eine ungefahre Mittenposition eines
Bereichs, der zwischen dem ersten und dem
zweiten Detektor (13a, 13b, 33a, 33b) liegt, und
eine ungefahre Mittenposition des zweiten De-
tektors (13b, 33b) bewegt wird, die Vorrichtung
sozu steuern, dass das PET-Bild aufgenommen
wird, wenn der abzubildende Bereich in die un-
gefdhre Mittenposition des ersten Detektors
oder des zweiten Detektors (13a, 13b, 33a, 33b)
bewegt wird, und die Vorrichtung so zu steuern,
dass beide oder eines des MR-Bildes und des
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PET-Bildes aufgenommen werden, wenn der
abzubildende Bereich in die ungeféhre Mitten-
position des Bereichs bewegt wird, der zwi-
schen dem ersten und dem zweiten Detektor
(13a, 13b, 33a, 33b) liegt.

Revendications

Appareil de PET (tomographie par émission de po-
sitrons) - MRI (imagerie par résonance magnétique)
(100), comprenant :

un aimant magnétostatique (1) qui est configuré
de maniére a ce gu’il soit une structure sans
soudure et a ce qu’il génére un champ magné-
tiqgue statique dans un tunnel qui présente une
forme cylindrique ;

une bobine radiofréquence d’émission (5) qui
est configurée de maniére a ce qu’elle applique
une impulsion radiofréquence sur un sujet qui
est placé dans le champ magnétique statique ;
une bobine de gradient (3) qui est configurée de
maniére a ce qu’elle applique un champ magné-
tique de gradient sur le sujet sur lequel Iimpul-
sion radiofréquence est appliquée ;

une bobine radiofréquence de réception (7) qui
est configurée de maniére a ce qu'elle détecte
un signal de résonance magnétique qui estémis
depuis le sujet du fait de l'application de I'impul-
sion radiofréquence et du champ magnétique
de gradient sur le sujet ;

une unité de reconstruction d’image de MR (10)
qui est configurée de maniére a ce gu’elle re-
construise une image de MR sur |la base du si-
gnal de résonance magnétique qui est détecté
par |la bobine radiofréquence de réception (7) ;
un premier détecteur (13a, 33a) et un second
détecteur (13b, 33b) dont chacun est configuré
de maniére a ce qu'il présente une forme d'an-
neau et a ce qu’il détecte des rayons gamma
qui sont émis depuis un radionucléide d’émis-
sion de positrons qui est injecté sur le sujet ; et
une unité de reconstruction d’image de PET (16)
qui est configurée de maniére a ce gu’elle re-
construise une image de PET & partir de don-
nées de projection qui sont produites sur labase
des rayons gamma quisont détectés parles pre-
mier et second détecteurs (13a, 13b, 33a, 33b) ;
caractérisé en ce que

les premier et second détecteurs (13a, 13b, 332,
33b) sont espacés I'un de l'autre dans une di-
rection axiale du tunnel selon un espacement
entre eux qui englobe un centre du champ ma-
gnétique statique, 'espace étant configuré de
maniére a ce qu’il évite la région d'imagerie ef-
fective de I'image de MR
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Appareil de PET-MRI selon la revendication 1, dans
lequel les premier et second détecteurs (13a, 13b,
33a, 33b) sont disposés sur un cbté qui est adjacent
a une circonférence interne de la bobine radiofré-
guence d’émission (5).

Appareil de PET-MRI selon la revendication 1, dans
lequel les premier et second détecteurs (13a, 13b,
33a, 33b) sont disposés sur un cbté qui est adjacent
a une circonférence externe de la bobine radiofré-
guence d’émission (5).

Appareil de PET-MRI selon la revendication 1, 2 ou
3, comprenant en outre une unité de déplacement
(23) qui est configurée de maniére a ce gu'elle dé-
place les premier et second détecteurs (13a, 13b,
33a, 33b) suivant la direction axiale du tunnel sur la
base d'un mode d'imagerie.

Appareil de PET-MRI selon la revendication 4, dans
lequel Funité de déplacement (23) est configurée de
maniére a ce qu’elle déplace les premier et second
détecteurs (13a, 13b, 33a, 33b) jusqu’a une position
au niveau de laquelle les détecteurs englobent le
centre de champ magnétique du champ magnétique
statiqgue avant que l'imagerie ne démarre lorsque le
mode d’'imagerie dans lequel limage de PET etlima-
ge de MR sont simultanément prises est exécuté.

Appareil de PET-MRI selon la revendication 4, dans
lequel Funité de déplacement (23) est configurée de
maniére a ce qu’elle déplace les premier et second
détecteurs (13a, 13b, 33a, 33b) de telle sorte qu’ils
soient adjacents 'un a l'autre avant que limagerie
ne démarre lorsque le mode d’imagerie dans lequel
seulement 'image de PET est prise est exécuté.

Appareil de PET-MRI selon la revendication 4, dans
lequel Funité de déplacement (23) est configurée de
maniére a ce qu’elle déplace les premier et second
détecteurs (13a, 13b, 33a, 33b) hors du champ ma-
gnétique statique lorsque le mode d'imagerie dans
lequel seulement 'image de MR est prise est exé-
cuté.

Appareil de PET-MRI selon la revendication 4, dans
lequel Funité de déplacement (23) est configurée de
maniére a ce qu’elle déplace les premier et second
détecteurs (13a, 13b, 33a, 33b) sur la base d’'une
condition d’'imagerie pour prendre I'image de PET
et/ou sur la base d’'une condition d'imagerie pour
prendre 'image de MR.

Appareil de PET-MRI selon la revendication 4, com-
prenant en outre une unité d’'amortissement de vi-
bration (24) qui est configurée de maniére a ce qu’el-
le fixe une position de chaque détecteur aprés que
les premier et second détecteurs (13a, 13b, 33a,
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33b) ont été déplacés jusqu’a une position d'image-
rie par 'unité de déplacement et de maniére a ce
gu’elle amortisse une vibration qui est transmise de-
puis la bobine de gradient (3) a chaque détecteur.

Appareil de PET-MRI selon la revendication 1, 2 ou
3,dans lequel les premier et second détecteurs (13a,
13b, 33a, 33b) sont disposés de fagon fixe au niveau
d’'une position au niveau de laquelle les détecteurs
englobent le centre de champ magnétique du champ
magnétique statique.

Appareil de PET-MRI selonlarevendication 10,dans
lequel les premier et second détecteurs (13a, 13b,
33a, 33b) sont fixés sur 'appareil avec une unité
d'amortissement de vibration (24) qui amortit la vi-
bration qui est générée parla bobine de gradient (3),
I'unité d’amortissement de vibration étant interposée
entre les premier et second détecteurs (13a, 13b,
33a, 33b) et la bobine de gradient (3).

Appareil de PET-MRI selon la revendication 1, 2 ou
3, dans lequel des lignes de signal et des lignes de
source d’alimentation qui sont connectées aux pre-
mier et second détecteurs (13a, 13b, 33a, 33b) sont
routées de maniére a ce qu'elles ne traversent pas
une périphérie du centre de champ magnétique du
champ magnétique statique.

Appareil de PET-MRI selon la revendication 1, 2 ou
3, dans lequel les premier et second détecteurs (13a,
13b, 33a, 33b) sont chacun configurés de maniére
a ce gu’ils convertissent un signal qui est rapporté
aux rayons gamma détectés depuis un signal ana-
logique en un signal numérique, en outre de maniére
a ce qu’ils convertissent le signal numérique en un
signal optique et a ce gu’ils émettent en sortie le
signal optique.

Appareil de PET-MRI selon la revendication 1, 2 ou
3,dans lequelles premier et second détecteurs (13a,
13b, 33a, 33b) sont chacun configurés de maniére
a ce gu’ils convertissent un signal qui est rapporté
aux rayons gamma détectés depuis un signal ana-
logique en un signal numérique, en outre de maniére
a ce qu’ils convertissent le signal numérigue en un
signal radio et a ce qu’ils émettent en sortie le signal
radio.

Appareil de PET-MRI selon la revendication 1, 2 ou
3, comprenant en outre :

un moyen de couchage (2) qui est configuré de
maniére a ce gu’il déplace un lit formant table
d'examen (2a) sur lequel le sujet est placé sui-
vant la direction axiale du tunnel ; et

un contrdleur (10) qui est configuré de maniére
a ce qu’il commande le moyen de couchage (2)
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de telle sorte qu’une région qui doit &tre imagée
soit déplacée jusqu’a une position centrale ap-
prochée du premier détecteur (13a, 33a), jus-
gu’a une position centrale approchée d’une ré-
gion qui est interposée entre les premier et se-
cond détecteurs (13a, 13b, 33a, 33b) et jusqu’a
une position centrale approchée du second dé-
tecteur (13b, 33b) pas par pas, de maniére a ce
gu’il commande l'appareil de telle sorte qu’il
prenne 'image de PET lorsque la région qui doit
étre imagée est déplacée jusqu’a la position
centrale approchée du premier détecteur ou du
second détecteur (13a, 13b, 33a, 33b) et de ma-
niére a ce gqu'ilcommande I'appareil de telle sor-
te qu’il prenne a la fois une image de MR et une
image de PET ou l'une de ces images lorsque
la région qui doit étre imagée est déplacée jus-
gu’a la position centrale approchée de la région
qui est interposée entre les premier et second
détecteurs (13a, 13b, 33a, 33b).
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