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PET-MRI APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of PCT interna-
tional application Ser. No. PCT/JP2011/074990 filed on Oct.
28, 2011 which designates the United States, and which
claims the benefit of priority from Japanese Patent Applica-
tion No. 2010-245605, filed on Nov. 1, 2010; the entire con-
tents of which are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to a
PET (Positron Emission Tomography)-MRI (Magnetic Reso-
nance Imaging) apparatus.

BACKGROUND

[0003] Inmany cases, MRI apparatuses have been utilized
to inspect cephalic regions, for example. It has been also
expected that PET apparatuses are utilized to inspect cephalic
regions, e.g., to diagnose Alzheimer diseases. Hence,
recently, it has been expected to realize a PET-MRI apparatus
combining a PET apparatus and an MRI apparatus.

[0004] The MRI apparatuses, however, have some limita-
tions. For example, a photomultiplier tube (PMT) used as a
detector of a conventional PET apparatus cannot 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 (Avalanche Photodiode) or a
SiPM (Silicon Photomultiplier) instead of the PMT, for
example.

[0005] In some conventional PET-MRI apparatuses, an
SNR (Signal-to-Noise Ratio) of an MR image is lowered due
to the interference between a detector and signal lines that are
elements of the PET apparatus and a transmitting radio fre-
quency coil that is an element of the MRI apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is a schematic illustrating a structure of a
PET-MRI apparatus according to a first embodiment.

[0007] FIG. 2 is a schematic illustrating an element
arrangement at a periphery of a PET detector according to the
first embodiment.

[0008] FIGS. 3 to 7 are schematics each illustrating the
element arrangement at the periphery of the PET detector
according to the second embodiment.

DETAILED DESCRIPTION

[0009] A PET-MRI apparatus according to an embodiment
includes a magnet, a transmitting radio frequency coil, a
gradient coil, a receiving radio frequency coil, an MR image
reconstruction unit, a detector, a PET image reconstruction
unit, and a radio frequency shield. The magnet is configured
to generate a static magnetic field in a bore having an approxi-
mately cylindrical shape. The transmitting radio frequency
coil is configured to apply a radio frequency magnetic field on
a subject placed in the static magnetic field. The gradient coil
is configured to apply a gradient magnetic field on the subject.
The receiving radio frequency coil is configured to detect a
magnetic resonance signal emitted from the subject due to
application of the radio frequency magnetic field and the

Sep. 12,2013

gradient magnetic field on the subject. The MR image recon-
struction unit is configured to reconstruct an MR image based
on the magnetic resonance signal detected by the receiving
radio frequency coil. The detector is configured to be formed
in a ring shape, disposed on a side adjacent to an outer cir-
cumference of the transmitting radio frequency coil, include
at least two PET detectors disposed with a space therebe-
tween in an axial direction of the bore so as to interpose a
magnetic field center of the static magnetic field therebe-
tween, and detect gamma rays emitted from a positron emit-
ting radionuclide injected into the subject. The PET image
reconstruction unit is configured to reconstruct a PET image
from projection data produced based on the gamma rays
detected by the detector. The radio frequency shield is con-
figured to have an approximately cylindrical shape, be dis-
posed between the transmitting radio frequency coil and the
detector, and shield a radio frequency magnetic field gener-
ated by the transmitting radio frequency coil.

[0010] Embodiments of a PET-MRI apparatus are
described in detail below with reference to the accompanying
drawings.

First Embodiment

[0011] First, a structure of a PET-MRI apparatus according
to a first embodiment is described. FIG. 1 is a schematic
illustrating a structure of a 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 fre-
quency coil 5, a transmitter 6, a receiving radio frequency coil
7, areceiver 8, an MR data acquisition unit 9, a computer 10,
aconsole 11, a display 12, a PET detector 13, signal lines 14,
a PET data acquisition unit 15, a PET image reconstruction
unit 16, a sequence controller 17, and a radio frequency shield
18.

[0012] The magnet 1 generates a static magnetic field in a
bore having an approximately cylindrical shape. The bore is
formed as the inner wall of a gantry having an approximately
cylindrical 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. The couch 2 moves the couchtop 2a into
an inside of the bore when the subject P is imaged, so that the
subject P is moved in the static magnetic field.

[0013] 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 change lin-
early in the X,Y, and Z directions, 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 coil driving circuit 4 drives the gra-
dient coil 3 under control of the sequence controller 17.
[0014] The transmitting radio frequency coil 5 applies a
radio frequency magnetic field on the object P placed in the
static magnetic field based on a radio frequency pulse trans-
mitted from the transmitter 6. The transmitting radio fre-
quency coil 5 is formed in an approximately cylindrical 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 controller 17.

[0015] The receiving radio frequency coil 7 detects a mag-
netic resonance signal emitted from the object P due to the
application of the radio frequency magnetic field and the
gradient magnetic field on the object P. For example, the
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receiving radio frequency coil 7 is a surface coil disposed on
a surface of the object P corresponding to a region to be
imaged. For example, when a body region of the object P is
imaged, two receiving radio frequency coils 7 are disposed on
the upper side and the lower side of the object P. The receiver
8 receives the magnetic resonance signal detected by the
receiving radio frequency coil 7 under control of the sequence
controller 17. The receiver 8 transmits the received magnetic
resonance signal to the MR data acquisition unit 9.

[0016] The MR data acquisition unit 9 acquires the mag-
netic resonance signal sent from the receiver 8 under control
of'the sequence controller 17. The MR data acquisition unit 9
amplifies the acquired magnetic resonance signal and per-
forms detection on the amplified signal. Thereafter, the MR
data acquisition unit 9 A/D-converts the signal after the detec-
tion and sends the converted signal to the computer 10. The
computer 10, which is controlled with the console 11, recon-
structs an MR image based on the magnetic resonance signal
sent from the MR data acquisition unit 9. The computer 10
allows the display 12 to display the reconstructed MR image.

[0017] The PET detector 13 detects, as counting informa-
tion, gamma rays (including annihilation radiation) emitted
from positron emitting radionuclides injected into the subject
P. The PET detector 13 is formed in a ring shape and disposed
on a side adjacent to an outer circumference of the transmit-
ting radio frequency coil 5. For example, the PET detector 13
is formed by arranging detector modules including scintilla-
tors and photo detectors in a ring shape. Examples of the
scintillator include LYSO (Lutetium Yttrium Oxyorthosili-
cate), LSO (Lutetium Oxyorthosilicate), and LGSO (Lute-
tium Gadolinium Oxyorthosilicate). Examples of the photo
detector include an APD (Avalanche Photodiode) element
and a SiPM (Silicon Photomultiplier). The PET detector 13
sends the detected counting information to the PET data
acquisition unit 15 through the signal lines 14.

[0018] The PET data acquisition unit 15 produces simulta-
neous counting information under control of the sequence
controller 17. The PET data acquisition unit 15 produces, as
the simultaneous counting information, a combination of
counting information of the gamma rays that are emitted from
the positron emitting radionuclides and approximately simul-
taneously detected by using the counting information of
gamma rays detected by the PET detector 13.

[0019] The PET image reconstruction unit 16 reconstructs
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 recon-
struction unit 16 is transmitted to the computer 10 and dis-
played on the display 12. The sequence controller 17 receives
from the computer 10 various imaging sequence information
executed when the subject is imaged and controls the above-
described elements.

[0020] In the first embodiment having the structure thus
described, the radio frequency shield 18 formed in an
approximately cylindrical shape is disposed between the
transmitting radio frequency coil 5 and the PET detector 13.
That is, the radio frequency shield 18 is disposed on a side
adjacent to an inner circumference of the PET detector 13 and
shields a radio frequency magnetic field generated by the
transmitting radio frequency coil 5. This results in the PET
detector 13 not being exposed to the radio frequency mag-
netic field. As a result, loss in the radio frequency magnetic
field can be suppressed.
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[0021] An element arrangement at a periphery of the PET
detector 13 is described below. FIG. 2 is a schematic illus-
trating the element arrangement at the periphery of the PET
detector 13 according to the first embodiment.

[0022] As illustrated in FIG. 2, the gradient coil 3 is dis-
posed on the side adjacent to the inner circumference of the
magnet 1 in the first embodiment. The radio frequency shield
18 is disposed on a side adjacent to an inner circumference of
the gradient coil 3 so as to interpose the PET detector 13
between itself and the gradient coil 3. The transmitting radio
frequency coil 5 and the receiving radio frequency coil 7 are
disposed on a side adjacent to an inner circumference of the
radio frequency shield 18. A dot 20 illustrated in FIG. 2
represents the magnetic field center of the static magnetic
field. A region 21 surrounded with the dashed line in FIG. 2
represents an effective imaging region of the MR image.

[0023] The arrangement in which the PET detector 13 is
disposed between the radio frequency shield 18 and the gra-
dient coil 3 can prevent the interference between the radio
frequency magnetic field generated by the transmitting radio
frequency coil 5 and the PET detector 13.

[0024] As illustrated in FIG. 2, the signal lines 14 con-
nected to the PET detector 13 are routed on a side adjacent to
an outer circumference of the radio frequency shield 18 in the
first embodiment. The signal lines 14 transmit a signal output
from the PET detector 13 and a control signal input to the PET
detector 13, for example. This arrangement can prevent the
interference between the radio frequency magnetic field gen-
erated by the transmitting radio frequency coil 5 and signals
transmitted through the signals lines 14.

[0025] As described above, the PET-MRI apparatus 100
according to the first embodiment includes the magnet 1, the
transmitting radio frequency coil 5, the gradient coil 3, the
receiving radio frequency coil 7, the computer 10, the PET
detector 13, the PET image reconstruction unit 16, and the
radio frequency shield 18. The magnet 1 generates the static
magnetic field in the bore having an approximately cylindri-
cal shape. The transmitting radio frequency coil 5 applies the
radio frequency magnetic field on the subject P placed in the
static magnetic field. The gradient coil 3 applies the gradient
magnetic field on the subject P. The receiving radio frequency
coil 7 detects the magnetic resonance signal emitted from the
subject P due to the application of the radio frequency mag-
netic field 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 detector 13 is formed in a ring
shape, disposed on the side adjacent to the outer circumfer-
ence of the transmitting radio frequency coil 5, and detects the
gamma rays emitted from positron emitting radionuclides
injected into the subject P. The PET image reconstruction unit
16 reconstructs the PET image from projection data produced
based on the gamma rays detected by the PET detector 13.
The radio frequency shield 18 is formed in an approximately
cylindrical shape, disposed between the transmitting radio
frequency coil 5 and the PET detector 13, and shields the
radio frequency magnetic field generated by the transmitting
radio frequency coil 5. The structure in which the PET detec-
tor 13 is disposed between the radio frequency shield 18 and
the gradient coil 3 can prevent the interference between the
radio frequency magnetic field generated by the transmitting
radio frequency coil 5 and the PET detector 13. As a result,
according to the first embodiment, deterioration of image
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quality of the MR image due to the interference between the
PET detector and the transmitting radio frequency coil can be
suppressed.

Second Embodiment

[0026] The element arrangement at the periphery of the
PET detector 13 is not limited to that illustrated in FIG. 2.
Another element arrangement at the periphery of the PET
detector 13 is described below as a second embodiment.
FIGS. 3 to 7 are schematics each illustrating the element
arrangement at the periphery of the PET detector 13 accord-
ing to the second embodiment.

[0027] As illustrated in FIG. 3, the radio frequency shield
18 may be disposed on a side adjacent to an outer circumfer-
ence ofthe PET detector 13, for example. In this case, the PET
detector 13 is electrically connected to the inner wall of the
radio frequency shield 18. In addition, a radio frequency
shield 22 is formed on a surface of the PET detector 13 so as
to cover an exposed surface of the PET detector 13. As a
result, the interference between the radio frequency magnetic
field generated by the transmitting radio frequency coil 5 and
the PET detector 13 can be prevented. In addition, the inner
diameter of the radio frequency shield 18 is larger than that of
the arrangement illustrated in FIG. 2, allowing a large space to
be provided near an opening of the bore. This large space can
alleviate a cooped-up feeling of the subject P.

[0028] As illustrated in FIG. 4, two PET detectors 13 may
be disposed with a space therebetween in an axial direction of
the bore so as to interpose the magnetic field center 20 of the
static magnetic field therebetween, for example. Generally,
when the radio frequency shield 18 is disposed near the trans-
mitting radio frequency coil 5, intensity of the radio fre-
quency magnetic field effective for taking the MR image is
weakened by a radio frequency current passively flowing in
the radio frequency shield 18. In contrast, in the arrangement
illustrated in FIG. 4, the PET detectors 13 are not disposed
near the magnetic field center 20 of the static magnetic field,
allowing a distance between the radio frequency shield 18 and
the transmitting radio frequency coil 5 to be ensured at a
central area of the magnet 1. As a result, lowering of the
intensity of the radio frequency magnetic field in the effective
imaging region 21 of the MR image can be prevented. In FIG.
4, two PET detectors 13 are disposed. However, the number
of PET detectors 13 may be three or more.

[0029] As illustrated in FIG. 5, the signal lines 14 con-
nected to the PET detector 13 may be routed on the side
adjacent to the inner circumference of the radio frequency
shield 18, for example. In this case, when the signal lines 14
are coaxial cables, for example, the outer conductors of the
coaxial cables are electrically connected to the radio fre-
quency shield 18 as illustrated in FIG. 6. For example, the
outer conductors of the coaxial cables are coupled to the radio
frequency shield 18 with connectors 23 made of conductors
interposed therebetween. The connector 23 is made of solder,
for example. As a result, the interference between the signals
transmitted through the signal lines 14 and the radio fre-
quency magnetic field can be prevented. As illustrated in FIG.
7, a radio frequency shield 24 may be formed so as to cover
the signal lines 14, for example. In this case, even when a
signal line 25, which is not the coaxial cable, is used, the
interference between signals transmitted through the signal
line 25 and the radio frequency magnetic field can be pre-
vented.
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[0030] As described above, according to the first or the
second embodiment, the PET-MRI apparatus can be realized
that can suppress the deterioration of image quality of the MR
image due to the influence between the PET detector and the
transmitting radio frequency coil.

[0031] While certain embodiments have been described,
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 changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What is claimed is:

1. A PET (Positron Emission Tomography)-MRI (Mag-
netic Resonance Imaging) apparatus, comprising:

a magnet configured to generate a static magnetic fieldina

bore having an approximately cylindrical shape;

a transmitting radio frequency coil configured to apply a
radio frequency magnetic field on a subject placed in the
static magnetic field;

a gradient coil configured to apply a gradient magnetic
field on the subject;

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

an MR image reconstruction unit configured to reconstruct
an MR image based on the magnetic resonance signal
detected by the receiving radio frequency coil;

a detector configured to be formed in a ring shape, disposed
on a side adjacent to an outer circumference of the trans-
mitting radio frequency coil, include at least two PET
detectors disposed with a space therebetween in an axial
direction of the bore so as to interpose a magnetic field
center of the static magnetic field therebetween, and
detect gamma rays emitted from a positron emitting
radionuclide injected into the subject;

a PET image reconstruction unit configured to reconstruct
aPET image from projection data produced based onthe
gamma rays detected by the detector; and

a radio frequency shield configured to have an approxi-
mately cylindrical shape, be disposed between the trans-
mitting radio frequency coil and the detector, and shield
aradio frequency magnetic field generated by the trans-
mitting radio frequency coil.

2. The PET-MRI apparatus according to claim 1, wherein
the radio frequency shield is disposed on a side adjacent to an
inner circumference of the detector.

3. The PET-MRI apparatus according to claim 2, wherein a
signal line connected to the detector is routed on a side adja-
cent to an outer circumference of the radio frequency shield.

4. The PET-MRI apparatus according to claim 1, further
comprising:

a first radio frequency shield configured to have an
approximately cylindrical shape and be disposed on a
side adjacent to an outer circumference of the detector;
and

a second radio frequency shield configured to be formed so
as to cover an exposed surface of the detector.
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5. The PET-MRI apparatus according to claim 4, wherein a
signal line connected to the detector is routed on a side adja-
cent to an outer circumference of the first radio frequency
shield.

6. The PET-MRI apparatus according to claim 4, wherein
the signal line connected to the detector is routed on a side
adjacent to an inner circumference of the radio frequency
shield, and

the signal line is a coaxial cable and an outer conductor of

the coaxial cable is electrically connected to the first
radio frequency shield.

7. The PET-MRI apparatus according to claim 4, wherein
the signal line connected to the detector is routed on a side
adjacent to an inner circumference of the radio frequency
shield, and

the signal line is covered with a third radio frequency

shield.
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