2015/009:598 A2 I I 000 00010 A IO O O

<

W

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

22 January 2015 (22.01.2015)

WIPOIPCT

(10) International Publication Number

WO 2015/009598 A2

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Patent Classification:
A61B 5/00 (2006.01) A61B 5/055 (2006.01)

International Application Number:
PCT/US2014/046471

International Filing Date:
14 July 2014 (14.07.2014)

Filing Language: English
Publication Language: English
Priority Data:

13/943,884 17 July 2013 (17.07.2013) US
Applicant: GENERAL ELECTRIC COMPANY

[US/US]; One River Road, Schenectady, New York 12345
(US).

Inventors: EMACI, Edward; GE Healthcare, 3200 North
Grandview Blvd.,, Waukesha, Wisconsin 53188 (US).
CALLOWAY, Michael James; GE Healthcare, 3200
North Grandview Blvd.,, Waukesha, Wisconsin 53188
(US).

Agents: DEVINS, Elizabeth K. et al.; GE Healthcare,
9900 W. Innovation Drive, RP2131, Wauwatosa, Wiscon-
sin 53226 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

(84)

DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: SURFACE STATIONARY ARRAY COIL STRUCTURE FOR MULTI-MODALITY IMAGING

FIG. 3

(57) Abstract: A stand-alone MR or hybrid PET-MR imaging system incorporating a surtace stationary RF coil structure is dis-
closed. The imaging system includes a support assembly comprising a cradle to accommodate a subject and a bridge to receive the
cradle and provide for translation therealong to enable an acquisition of imaging data. An RF coil structure is positioned between the
bridge and the cradle, and includes a base portion, a cover portion, and an array of RF coil elements positioned on the cover portion.
The cover portion includes contoured features that enable placement of RF coil elements in proximity to a subject and to provide a
constant and uniform gap between the RF elements and the cradle. The RF coil structure also includes structural elements that sup-
port the cradle when rolling over the array of RF coil elements without deforming the RF coil elements.



WO 2015/009598 PCT/US2014/046471

SURFACE STATIONARY ARRAY COIL STRUCTURE FOR
MULTI-MODALITY IMAGING

BACKGROUND OF THE INVENTION

[0001] Embodiments of the invention relate generally to medical imaging, and more
specifically, to a stand-alone magnetic resonance (MR) imaging system or hybrid MR
and positron emission tomography (PET) system incorporating a surface stationary RF

coil structure that provides patient support while reducing image degradation.

[0002] MR imaging involves the use of magnetic fields and excitation pulses to
detect the free induction decay of nuclei having net spins. When a substance such as
human tissue is subjected to a uniform magnetic field (polarizing field By), the
individual magnetic moments of the spins in the tissue attempt to align with this
polarizing field, but process about it in random order at their characteristic Larmor
frequency. If the substance, or tissue, is subjected to a magnetic field (excitation field
B)) which is in the x-y plane and which is near the Larmor frequency, the net aligned
moment, or "longitudinal magnetization", Mz, may be rotated, or "tipped”, into the x-y
plane to produce a net transverse magnetic moment M;. A signal is emitted by the
excited spins after the excitation signal B is terminated and this signal may be received

and processed to form an image.

[0003] When utilizing these signals to produce images, magnetic field gradients (Gy,
Gy, and G,) are employed. Typically, the region to be imaged is scanned by a sequence
of measurement cycles in which these gradients vary according to the particular
localization method being used. The resulting set of received NMR signals are digitized
and processed to reconstruct the image using one of many well known reconstruction

techniques.

[0004] PET imaging involves the creation of tomographic images of positron
emitting radionuclides in a subject of interest. A radionuclide-labeled agent is
administered to a subject positioned within a detector ring. As the radionuclides decay,
positively charged photons known as "positrons" are emitted therefrom. As these

positrons travel through the tissues of the subject, they lose kinetic energy and
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ultimately collide with an electron, resulting in mutual annihilation. The positron
annihilation results in a pair of oppositely-directed gamma rays being emitted at

approximately 511 keV.

[0005] It is these gamma rays that are detected by the scintillators of the detector
ring. When struck by a gamma ray, each scintillator illuminates, activating a
photovoltaic component, such as a photodiode. The signals from the photovoltaics are
processed as incidences of gamma rays. When two gamma rays strike oppositely
positioned scintillators at approximately the same time, a coincidence is registered. Data
sorting units process the coincidences to determine which are true coincidence events
and sort out data representing deadtimes and single gamma ray detections. The
coincidence events are binned and integrated to form frames of PET data which may be
reconstructed into images depicting the distribution of the radionuclide-labeled agent

and/or metabolites thereof in the subject.

[0006] In combination PET-MR systems, it is desirable to have minimum mass in
the region of the PET detector in order to provide for optimum image acquisition. That
is, while in a standalone MR system the structure and mass of components within the
bore has no effect on image acquisition and image quality, such is not the case in a PET-
MR system - as the mass in the PET detector region attenuates gamma rays, which

reduces PET signal to the detectors and degrades image quality (I1Q).

[0007] To minimize IQ attenuation, the design of both stationary and moving objects
that are required to be in or go through the PET detector region should therefore be such
so as to minimize mass in the PET detector region. Such stationary objects can include,
for example, a patient postioning structure including a bridge positioned within the bore
that extends through a length of the imaging system and a surface stationary radio
frequency (RF) coil structure (e.g., posterior coil), while the moving object may
comprise a cradle that supports the patient and translates along the bridge to move the

patient through the imaging system.

[0008] With specific regard to the stationary posterior RF coil structure, the RF coil

structure is positioned at the center of the MR and PET field of view (FOV) to acquire
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MR image data from the patient. The stationary posterior RF coil structure includes a
number RF elements on its surface facing the bottom of the cradle that are in close
proximity to the patient anatomy during an MR imaging scan, with a small gap being
present between the RF coils and the cradle that keeps the cradle from rubbing on the
coil elements as the cradle moves in and out of the magnet bore. Typically, any
electronics associated with the stationary posterior RF coil structure, such as decoupling
boards, feedboards, mux boards, and baluns for example, are positioned immediately
adjacent the RF coil elements, and are thus also positioned at the center of the MR and
PET FOV, thereby adding mass and additional components in the region of the PET

detector and potentially reducing image quality.

[0009]  Apart from PET image attenuation considerations, it is also recognized that
the structure of the stationary posterior RF coil structure can affect MR image quality in
a stand-alone MR imaging system or hybrid PET-MR system. That is, it is desirable to
enable placement of the RI coil elements of the coil structure in close proximity with
the patient anatomy so as to enable good MR image quality. In so positioning the RF
coil elements, it is also desirable to provide a constant and uniform gap between the
entire set of RF elements in the coil structure and a patient cradle surface. Existing
designs of the stationary posterior RIF coil structure provide a flat configuration or
construction that lacks the curvature that is normally found on the patient cradle, such
that existing posterior coil structure designs fail to position the RF coil elements in close
proximity to the patient anatomy or provide such a uniform gap between the coil

elements and the patient surface on the cradle.

[0010] It would therefore be desirable to provide a stationary posterior RF coil
structure for use in a PET-MR system that helps in reducing the degradation of image
quality by minimizing mass in the PET detector FOV. It would also be desirable for the
stationary posterior RF coil structure to provide improved image quality without
compromising on patient support functionalities and serviceability. It would still further
be desirable to for the stationary posterior RF coil structure to include features thereon
that enable placement of the R coil elements for good proximity with patient anatomy,

with such features following the contour of the cradle sides and enabling the coil
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elements to more closely view the patient anatomy where the sides of the patient move

away from the horizontal cradle surface.
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BRIEF DESCRIPTION OF THE INVENTION

[0011] Embodiments of the invention provide a stand-alone MR system or combined
PET-MR system incorporating a stationary posterior RFF coil structure that provides
patient support for moving over the PET region while reducing image degradation and
improving MR image quality on the sides of the patient with wing-like structures with

RF elements that follow the cradle contour.

[0012] In accordance with one aspect of the invention, a PET-MRI apparatus
includes a magnetic resonance imaging (MRI) system having a plurality of gradient
coils positioned about a bore of a magnet, and an RF coil assembly coupled to a pulse
generator to emit an RI pulse sequence and arranged to receive resulting MR signals
from a subject of interest in the bore within an MR field-of-view (FOV). The PET-MRI
apparatus also includes a positron emission tomography (PET) system having a detector
array encircling the bore, with the detector array being controlled to acquire PET
emissions of the subject of interest within a PET detector FOV, and a patient support
assembly configured to provide for support and movement of the subject of interest
through the bore to enable acquisition of the MR signals and the PET emissions from
the subject of interest, the patient support assembly comprising a cradle configured to
accommodate the subject of interest and a bridge configured to receive the cradle and
provide for translation therealong. 'The PET-MRI apparatus further includes a
stationary radio frequency (RF) coil structure positioned on the bridge so as to be
between the bridge and the cradle and such that a portion of the RF coil structure is
within the PET FOV, the RF coil structure comprising a base portion, a cover portion
positioned over the base portion, an array of RF coil elements positioned on the cover
portion so as to be positioned within the MR FOV and PET FOV, and driver electronics
configured to control operation of the array of RI coil elements, the driver electronics

being positioned within the base portion so as to be positioned outside of the PET FOV.

[0013] In accordance with another aspect of the invention, a stationary posterior RF
coil structure for use in a stand-alone MR imaging system or a combination PET-MR

imaging system includes a base portion, a cover portion positioned over the base
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portion, an array of RF coil elements positioned on the cover portion and, in a first
region of the RF coil structure, and driver electronics configured to control operation of
the array of RF coil elements, the driver electronics being positioned in the base portion,
in a second region of the RF coil structure, so as to be separated from the array of RF
coil elements. The cover portion further includes a bottom surface and a pair of
contoured side surfaces extending up from the bottom surface, wherein the array of RF
coil elements is arranged and positioned on the cover portion so as to extend from the

bottom surface up the pair of contoured side surfaces.

[0014] In accordance with yet another aspect of the invention, an MR imaging
apparatus includes an MRI system configured to acquire MR signals from a subject of
interest, the MRI system having a plurality of gradient coils positioned about a bore of a
magnet and an RF coil assembly coupled to a pulse generator to emit an RF pulse
sequence. The MR imaging apparatus also includes a patient support assembly
configured to provide for support and movement of the subject of interest through the
bore to enable acquisition of the MR signals from the subject of interest, the patient
support assembly comprising a cradle configured to accommodate the subject of interest
and a bridge configured to receive the cradle and provide for translation therealong.
The MR imaging apparatus further includes a central matrix array (CMA) structure
positioned on the bridge so as to be between the bridge and the cradle, the CMA
structure comprising a base portion, a cover portion attached to the base portion so as to
be positioned between the base portion and the cradle, an array of RI coil elements
positioned on the cover portion, and a plurality of structural members extending upward
from a bottom surface of the base portion, the plurality of structural members being
configured to fully support a load applied by the cradle as the cradle translates the
subject of interest through the bore, without any of the load being transferred to the

array of RF coil elements.

[0015] Various other features and advantages will be made apparent from the

following detailed description and the drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The drawings illustrate embodiments presently contemplated for carrying out

the invention.
[0017] In the drawings:

[0018] FIG. 1 is a schematic block diagram of an exemplary PET-MR imaging

system for use with an embodiment of the invention.

[0019] FIG. 2 is a perspective view of a patient support assembly for use in the PET-

MR imaging system of FIG. 1 according to an embodiment of the invention.

[0020] FIG. 3 is a view of a stationary posterior RF coil structure positioned relative

to the patient support assembly of FIG. 2 according to an embodiment of the invention.

[0021] FIGS. 4-7 are views of the stationary posterior RF coil structure of FIG. 3

according to an embodiment of the invention.

[0022]  FIG. 8 is a perspective view of a patient support assembly for use in the PET-

MR imaging system of FIG. 1 according to another embodiment of the invention.

[0023] FIG. 9 is a view of a stationary posterior RF coil structure positioned relative

to the patient support assembly of FIG. 6 according to an embodiment of the invention.
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DETAILED DESCRIPTION

[0024] A stationary posterior RF coil structure for use in a stand-alone MR imaging
system or hybrid PET-MR system is provided. The RF coil structure is constructed so
as to arrange RI coil elements thereon so as to provide a constant and uniform gap
between the entire set of RI' elements and a patient cradle surface so as to enable good
MR image quality. The RF coil structure is further constructed to include structural
elements that enable the cradle to roll over the posterior stationary RF coil, as the cradle
moves thru the magnet bore, without deforming the RF coil elements — so as to enable
stable image quality with any patient mass. The stationary posterior RI coil structure is
still further constructed to have a minimal mass in the PET detector region (i.e., PET
gap) by providing minimal electrical and mechanical components in the PET gap and
moving all large mass components away from the PET gap, so as to enable good PET

image quality.

[0025]  According to embodiments of the invention, the stationary posterior RF coil
structure can be implemented in a variety of imaging systems or apparatuses. For
example, the RF coil structure can be incorporated into a stand-alone MR imaging
system or can be incorporated into a hybrid MR imaging system, such as a hybrid PET-
MR imaging system, for example. Thus, while embodiments of the invention are set
forth here below with respect to a hybrid PET-MR imaging system, it is recognized that
other stand-alone and hybrid MR imaging systems are considered to be within the scope

of the invention.

[0026] Referring to FIG. 1, the major components of an exemplary hybrid PET-MR
imaging system 10 that may incorporate embodiments of the present invention are
shown. The operation of the system may be controlled from an operator console 12
which includes a keyboard or other input device 13, a control panel 14, and a display
screen 16. The console 12 communicates through a link 18 with a separate computer
system 20 that enables an operator to control the production and display of images on
the display screen 16. The computer system 20 includes a number of modules, such as
an image processor module 22, a CPU module 24 and a memory module 26. The

computer system 20 may also be connected to permanent or back-up memory storage, a
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network, or may communicate with a separate system control 32 through link 34. The
input device 13 can include a mouse, keyboard, track ball, touch activated screen, light
wand, or any similar or equivalent input device, and may be used for interactive

geometry prescription.

[0027] The system control 32 includes a set of modules in communication with one
another and connected to the operator console 12 through link 40. It is through link 34
that the system control 32 receives commands to indicate the scan sequence or
sequences that are to be performed. For MR data acquisition, an RF transmit/receive
module 38 commands the scanner 48 to carry out the desired scan sequence, by sending
instructions, commands, and/or requests describing the timing, strength and shape of the
RF pulses and pulse sequences to be produced, to correspond to the timing and length of
the data acquisition window. In this regard, a transmit/receive switch 44 controls the
flow of data via amplifier 46 to scanner 48 from RF transmit module 38 and from
scanner 48 to Rl receive module 38. The system control 32 also connects to a set of
gradient amplifiers 42, to indicate the timing and shape of the gradient pulses that are

produced during the scan.

[0028]  The gradient waveform instructions produced by system control 32 are sent to
the gradient amplifier system 42 having Gx, Gy, and Gz amplifiers. Amplifiers 42 may
be external of scanner 48 or system control 32, or may be integrated therein. Fach
gradient amplifier excites a corresponding physical gradient coil in a gradient coil
assembly generally designated 50 to produce the magnetic field gradients used for
spatially encoding acquired signals. The gradient coil assembly 50 forms part of a
magnet assembly 52 which includes a polarizing magnet 54 and an RF coil assembly
56. Alternatively, the gradient coils of gradient coil assembly 50 may be independent of
the magnet assembly 52. RF coil assembly may include a whole-body RF transmit coil
56 as shown. The coils 56 of the RF coil assembly may be configured for both
transmitting and receiving, or for transmit-only or receive-only. A pulse generator 57
may be integrated into system control 32 as shown, or may be integrated into scanner
equipment 48, to produce pulse sequences or pulse sequence signals for the gradient

amplifiers 42 and/or the RIF coil assembly 56. In addition, pulse generator 57 may
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generate PET data blanking signals synchronously with the production of the pulse
sequences. These blanking signals may be generated on separate logic lines for
subsequent data processing. The MR signals resulting from the excitation pulses,
emitted by the excited nuclei in the patient, may be sensed by the whole body coil 56
and are then transmitted to the RF transmit/receive module 38 via T/R switch 44. The
MR signals are demodulated, filtered, and digitized in the data processing section 68 of

the system control 32.

[0029] An MR scan is complete when one or more sets of raw k-space data has been
acquired in the data processor 68. This raw k-space data is reconstructed in data
processor 68 which operates to transform the data (through Fourier or other techniques)
into image data. This image data is conveyed through link 34 to the computer system 20
where it is stored in memory 26. Alternatively, in some systems computer system 20
may assume the image data reconstruction and other functions of data processor 68. In
response to commands received from the operator console 12, the image data stored in
memory 26 may be archived in long term storage or may be further processed by the
image processor 22 or CPU 24 and conveyed to the operator console 12 and presented

on the display 16.

[0030] In combined MR-PET scanning systems, PET data may be acquired
simultaneously with the MR data acquisition described above. Thus, scanner 48 also
contains a positron emission detector array or ring 70, configured to detect gamma rays
from positron annihilations emitted from a subject. Detector array 70 preferably
includes a plurality of scintillators and photovoltaics arranged about a gantry. Detector
array 70 may, however, be of any suitable construction for acquiring PET data. In
addition, the scintillator packs, photovoltaics, and other electronics of the detector array
70 need not be shielded from the magnetic fields and/or RF fields applied by the MR
components 54, 56. However, it is contemplated that embodiments of the present
invention may include such shielding as known in the art, or may be combined with

various other shielding techniques.
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[0031] Gamma ray incidences detected by detector array 70 are transformed, by the
photovoltaics of the detector array 70, into electrical signals and are conditioned by a
series of front-end electronics 72. These conditioning circuits 72 may include various
amplifiers, filters, and analog-to-digital converters. The digital signals output by front
end electronics 72 are then processed by a coincidence processor 74 to match gamma
ray detections as potential coincidence events. When two gamma rays strike detectors
approximately opposite one another, it is possible, absent the interactions of random
noise and signal gamma ray detections, that a positron annihilation took place
somewhere along the line between the detectors. Thus, the coincidences determined by
coincidence processor 74 are sorted into true coincidence events and are ultimately
integrated by data sorter 76. The coincidence event data, or PET data, from sorter 76 is
received by the system control 32 at a PET data receive port 78 and stored in memory
26 for subsequent processing 68. PET images may then be reconstructed by image
processor 22 and may be combined with MR images to produce hybrid structural and
metabolic or functional images. Conditioning circuits 72, coincidence processor 74 and
sorter 76 may each be external of scanner 48 or system control 32, or may be integrated

therein.

[0032]  As further shown in FIG. 1, a patient support assembly 80 is included in PET-
MR imaging system 10 to support the patient within the imaging system during data
acquisition. The patient support assembly 80 extends into a main magnet bore 82 of the
imaging system 10 and extends through the imaging system so that its length is
generally parallel to the bore axis. The patient support assembly 80 enables movement
of the patient into various positions with respect to the imaging system 10, including a
loading position outside the bore of imaging system 10 and at least one imaging
position, where at least a portion of a patient is positioned within an imaging volume

(i.e., within the bore) when at the imaging position.

[0033] Referring now to FIGS. 2 and 3, detailed views of patient support assembly
80 are shown according to an embodiment of the invention. The patient support
assembly 80 includes a patient bed 84 that supports the patient and provides for

transport of the patient to and from the imaging system 10. The patient bed 84 includes
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a base structure 86 and a table 88 that is removable from the base structure 86 to enable
transfer of the patient from the bed into the bore 82 of the PET-MR imaging system 10
for performing of an imaging scan. The table 88 further includes a cradle 90 that
facilitates movement of the table through the imaging system 10. The surface of cradle
90 has straight and curved surfaces — with the main surface that the patient lays on being
flat and the sides of the cradle curving in an angular manner to provide comfort and
maximize patient space. According to an exemplary embodiment, the cradle 90 is
constructed as a thin, Kevlar cradle. The height of the patient bed 84 may be adjusted
as needed in order to position the table 88 appropriately for transfer of the patient into
the imaging system 10, such that the cradle 90 may slide off of the base structure 86 and

into the imaging system 10.

[0034] Also included in patient support assembly 80 is a bridge assembly 92 having
a front bridge 94, comprised of two separate sections (patient side and service side), and
a rear bridge 96. The bridge assembly 92 provides a path for the patient cradle 90 to
move within and through the bore 82 of imaging system 10 (FIG. 1) to move the patient
to desired imaging locations within the imaging system. According to an exemplary
embodiment, the rear bridge 96 and front bridge 94 have a construction of a foam core
with a skin of Kevlar or another fiber reinforced plastic (FRP), so as to provide a strong
bridge with structure capable of holding a large patient with minimal deformation while

minimizing weight for field service removal and installation.

[0035] As seen in FIG. 2, the rear bridge 96 extends outward from a rear edge of
imaging system 10, with the rear bridge 96 being supported by a rear pedestal structure
100. The front bridge 94 has a split bridge configuration and includes a first section 102
(patient side) and a second section 104 (service side) that are separated from one
another by a gap 106. The first section 102 and the second section 104 are supported
by, and mounted to the RF body coil 56 at multiple locations. The RF body coil 56 is
mounted to front and rear body coil mounting brackets 108 and 109, with the both
brackets 108 and 109 providing adjustability regarding connection of the body coil 56
relative to the magnet 54. Front bridge patient-side 102 and front bridge service-side

104 can be made to be adjustable or non-adjustable during mounting to RF body coil 56.
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An outer edge of second section 104 is assembled with and connected to rear pedestal
structure 100 so as to be supported in the axial direction thereby. An inner edge 110 of
each of the first and second sections 102, 104 is mounted directly to the imaging system

10 (i.e., to RF body coil 56 of the imaging system) so as to be anchored thereto.

[0036] The inner edge 110 of each of the first and second sections 102, 104 of front
bridge 94 is located adjacent to either side of detector array 70 of imaging system 10
(FIG. 1), such that the detector array 70 is aligned with the gap 106 between the first
and second sections 102, 104. Beneficially, the aligning of the detector array 70 and the
gap 106 between the first and second sections 102, 104 of front bridge 94 minimizes
mass in the region of the detector array 70, so as to thereby reduce the attenuation of
gamma rays during PET imaging that may result from the presence of such mass. The
PET signal received by the detectors in detector array 70 is thus not attenuated and the

degradation of the image quality (IQ) is minimized.

[0037] A low profile carriage assembly (LPCA) 112 is also included in patient
support assembly 80 for purposes of enabling the translation of cradle 90 along bridge
assembly 92. The LPCA 112 is driven by a dual belt drive 144 that includes a pair of
drive belts 116 for propelling the LPCA 112 along a length of the bridge assembly 92,
(and over a posterior coil array in the bridge — as will be explained in more detail
below), with the belts extending over gap 106, such that LPCA 112 and cradle 90
continue to be driven by dual drive even when traversing the gap 106. As shown in
FIG. 2, the LPCA 112 may originally be positioned at a far end of rear bridge 96. When
a patient is transported to PET-MR imaging system 10 via patient bed 84 for purposes
of an imaging scan, the LPCA 112 is driven by dual belt drive 144 along rear bridge 96
and along front bridge 94 (and over a posterior coil array in the front bridge — as will be
explained in more detail below), to be brought into proximity of patient bed 84. 'The
LPCA 112 is brought into contact with cradle 90 of the patient table 88, such that a
hook 118 or similar type latching mechanism is caused to engage a receptacle or
receiving mechanism (not shown) on cradle 90. Upon securing of LPCA 112 to cradle

90, the LPCA 112 and cradle 90 may be translated along bridge assembly 92 as desired
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to position the patient in a plurality of imaging positions within bore 82 of imaging

system 10.

[0038]  As shown in FIG. 2, the rear bridge 96 and the front bridge 94 each include a
plurality of vertically oriented roller bearings or wheels 120 spaced along a length of the
front and rear bridges 94, 96 for supporting cradle 90 and LPCA 112 during translation
thereof along the entire scan range, with pairs of spaced apart roller bearings 120 being
positioned along a length of the front and rear bridges 94, 96. A number of horizontally
oriented tapered wheels 122 (or similar guiding devices) is also included on rear bridge
96 and the front bridge 94 at select locations. The horizontally oriented tapered wheels
122 function to assist in laterally positioning cradle 90 and LPCA 112 on bridge
assembly 92, such that the cradle 90 and LPCA 112 remain centered on the bridge
assembly 92.

[0039] Referring still to FIG. 2, it is seen that each of the first and second sections
102, 104 of front bridge 94 includes a cut-out area or portion 124 therein in an area
adjacent the inner edge 110 of the respective first and second sections 102, 104, next to
gap 106. The cut-out areas 124 of the first and second sections 102, 104 of front bridge
94 collectively form an area for housing an array of radio frequency (RF) coils that form
part of a stationary posterior RF coil structure of the PET-MR imaging system 10.
Such a stationary posterior RF coil structure 126, or central matrix array (CMA)
structure, is shown positioned relative to patient support assembly 80 in FIG. 3, with the
CMA structure 126 being positioned at least partially within cut-out areas 124 of the
first and second sections 102, 104 of front bridge 94.

[0040] More detailed views of the CMA structure 126 are provided in FIGS. 4-7,
where various views of the CMA structure are shown. As can be seen in FIGS. 4-8,
CMA structure 126 generally includes a base portion 128 and a cover portion 130. The
base portion 128 of the CMA structure is configured as a box-like structure that is
positionable in cut-out areas 124 (FIGS. 2-3), with the cover portion 130 being applied
over the base portion 128 so as to be positioned between the base portion 128 and cradle

90 of the patient support assembly 80.
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[0041] Referring to FIGS. 4-6, an embodiment of the cover portion 130 is shown
according to an exemplary embodiment. The cover portion 130 includes a flat surface
132 in a central region thereof and a pair of angled/contoured side surfaces or “wings”
134 that are positioned on opposing sides of the bottom surface 132. The cover portion
130 receives a plurality of RF coil elements 136 therein that collectively form an RF
coil array or central matrix array (CMA), generally indicated as 138. The RF coil
elements 136 are positioned on the cover portion 130 such that the coil elements face
the bottom of the cradle 90 and are positioned in close proximity to the patient anatomy
during an MRI scan, with the RF coil array 138 being positioned on cover portion 130
such that the RF coil array 138 is aligned with the PET detector array 70 of PET-MR
system 10 (FIGS. 1 and 3) — in what is termed generally as a “first region” 139 of the

coil structure 126.

[0042] As further shown in FIGS. 4 and 5, the coil elements 136 of RF coil array 138
extend out from the flat surface of cover portion 130 and out onto angled/contoured side
surfaces 134 of the cover 130 so as to extend at least a portion of the way there up. The
RF coil elements 136 positioned on angled/contoured surfaces 134 thus are angled and
point toward the body of the patient. As can best be seen in FIG. 6, the angle and
positioning of angled/contoured side surfaces 134 of cover portion 130 generally
matches that of curved side surfaces 140 of cradle body 90. Therefore, a constant and
uniform gap 142 is provided between the entire R coil array 138 and the cradle 90,
both between the RF coil elements 136 on the flat center area 132 of the cover portion
130 and the flat surface 144 of cradle 90 and between the RF coil elements 136 on the
angled/contoured side surfaces 134 of the cover portion 130 and the curved side
surfaces 140 of cradle 90. This uniform and minimal gap 142 between the RF coil array

138 and patient surface on the cradle 90 produces good MR image quality.

[0043] Referring now to FIG. 7, in order to minimize the mass of
material/components positioned within a FOV of the PET detector array 70 (FIGS 1 and
3), remote electronics 146 associated with operation of the RI coil array, including
decoupling boards, feedboards, mux boards, baluns, and other non-essential

components, for example, are positioned in the base portion 128 so as to be distanced
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from the RF coil array 136 on the cover portion 130 (FIGS. 4 and 5) - in what is termed
generally as a “second region” 147 of the coil structure 126. The remote electronics 146
are thus moved away from the PET detector region so as to minimize the mass of
material of the CMA structure 126 at its center region in the S/I and R/L directions in

the PET field of view.

[0044]  As further shown in FIG. 7, base portion 128 also includes a plurality of
structural elements 148 therein that enable the cradle 90 and LPCA 112 to roll over the
CMA structure 126, by fully supporting a patient mass with ancillary MR and PET
items. The structural elements 148 in the CMA structure 126 provide needed support
for a split front bridge 94 that has no structure in the PET imaging region, with
structural elements 148 closest to the PET gap enabling the cradle 90 to span the gap
106 without significant cantilever-type deformation. The structural elements 148 of the
base portion 128 are comprised of vertical mounting columns 150 that are formed
integrally with a bottom surface 151 of base portion 128, with the mounting columns
150 extending upwardly from the bottom surface 151. A vertically oriented rolling
element or bearing 152 is positioned on top of each respective mounting column 150 at

a height that enables the rolling element 152 to engage a bottom surface of cradle 90.

[0045]  As can be seen in FIG. 7, a majority of structural members 148 are located
outside of the first region 139 of CMA structure 126 (i.e., in the second region 147), so
as to further minimize the mass of material of the CMA structure 126 at it's center
region in the S/I and R/L directions in the PET field of view. Regarding the location of
structural members 148, while a majority thereof are located outside of the first region
139 of CMA structure 126, the structural members 148 are still positioned so as to fully
support the cradle 90 and the patient mass thereon so as to prevent any load from being
transferred to the RF coil array 138. That is, the structural members 148(and rolling
elements 152 thereon) of the CMA structure 126 are placed in strategic locations and
quantities as to not interfere with the RI¥ coil element 136 configuration and to provide

good surface contact stress between the rolling elements 152 and the cradle 90.
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[0046] In order to provide for accommodation of the cradle 90 as it traverse across
gap 106 of patient support assembly 80 and as it traverses across the location where
CMA structure 126 is positioned, the cover portion 130 of the CMA structure includes a
plurality of openings/slots 154 formed therein at locations corresponding to the
locations of structural members 148 formed on the base portion 128, as can be seen in
FIGS. 4 and 5. The openings 154 are configured and positioned such that roller
bearings 152 on the structural members 148 pass through the open slots on the cover
portion 130, such that the roller elements 152 come in contact with a bottom surface of
cradle 90 and provide for structural support and a rolling translation of the cradle 90
across the CMA structure 126 while preventing any load from being transferred to the
RF coil array 138. As the cradle 90 moves thru the magnet bore, and a scan is
performed with use of the MR and PET systems, the CMA structure — and specifically
the structural members 148 thereof - thus support the cradle with patient load and
ensures a stable and small gap always exists between the patient cradle 90 and the RF
coil array 138, such that no portion of the RF elements 136 mounted on the cover
portion 130 are loaded or deformed during loading with patient weight, which would
have potential to degrade image quality. The cover portion 130 of CMA structure 126
also has specifically designed openings that interface with the structural supports 148 of
the CMA structure that help to move any fluids thru the roller support region without

allowing fluids to enter the electronics 146 within the CMA structure 126.

[0047] As shown in FIGS. 3-7, according to an exemplary embodiment of the
invention, each of base portion 128 and cover portion 130 of CMA structure 126
include a handle feature 156 formed integrally therewith that enables an operator to
selectively remove the RF coil assembly structure 126 from patient support assembly 80
as desired. By providing for selective removal of the RF coil assembly structure 126
from patient support assembly 80 by way of handle 156, the number and arrangement of
RF coil elements 136 in the RF coil assembly structure 126 can be changed by an
operator to meet the requirements of a particular imaging scan being performed on a
patient. It is recognized, however, that the CMA structure 126 does not have to be
removable and could be permanently placed in the bridge 94, with the structure 126

only being removed only during maintenance or very special applications.
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Alternatively, it is recognized that the CMA structure 126 could be removable for use
with other applications, such as Musii-Nuclear Speciroscopy {MNS), and that the CMA
structure could be removed and a filler CMA be positioned in its place — with the filler

having the same configuration but without RF coil elements.

[0048] Referring now to FIG. 8, a patient support assembly 160 is shown according
to another embodiment of the invention. The patient support assembly 160 is
substantially similar to the patient support assembly 80 shown in FIG. 2, and thus like
elements are numbered as such in FIG. 8. Of primary difference is that a bridge
assembly 162 of patient support assembly 160 includes a front bridge 164 and a rear
bridge 166 — where the front bridge is formed as a single unitary bridge structure rather
than a “split bridge” structure as included in front bridge 92 of patient support assembly
80 in FIG. 2. The bridge assembly 162 provides a path for the patient cradle 90 to move
within and through the bore 82 of imaging system 10 (FIG. 1) to move the patient to

desired imaging locations within the imaging system.

[0049] As shown in FIG. 8, and with reference also to FIG. 9, the front bridge 164
includes a cut-out area or portion 168 therein in an area coinciding with the position of
PET detector array 70. The cut-out area 168 of front bridge 164 forms an area for
housing the CMA structure 126 and the RF coil array 138 included therein. Detailed
views of the CMA structure 126 are shown and described in detail in FIGS. 4-7, as set
forth above, with the CMA structure 126 providing support for the cradle 90 with a
patient load thereon as it traverse over the RI' coil array 138 and ensuring a stable and

small gap always exists between the patient cradle 90 and the RF coil array 138.

[0050] Beneficially, embodiments of the invention thus provide a stationary
posterior RF coil structure 126 (i.e., CMA structure) for use in a stand-alone MR
imaging system and/or a hybrid PET-MR system. The RF coil structure 126 is
constructed so as to arrange R coil elements 136 thereon that enables placement of the
RF coil elements in good proximity with a patient anatomy and so as to provide a
constant and uniform gap between the entire set of RF elements and a surface of a

patient cradle 90, so as to enable good MR image quality. The RF coil structure 126 is
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further constructed to include structural elements 148 that enable the cradle 90 to roll
over the posterior stationary RI coil array 138, as the cradle moves thru the magnet

bore.

[0051] The stationary posterior RF coil structure 126 is constructed to have a
minimal mass in the PET detector region (i.e., PET gap) by providing minimal electrical
and mechanical components in the PET gap and moving all large mass components
away from the PET gap, such that any unnecessary attenuation of gamma rays by the
RF coil structure 126 that might reduce the PET signal to the detector array 70 is

minimized, and any degradation of image quality is prevented.

[0052] Therefore, according to one embodiment of the invention, a PET-MRI
apparatus includes a magnetic resonance imaging (MRI) system having a plurality of
gradient coils positioned about a bore of a magnet, and an RF coil assembly coupled to
a pulse generator to emit an RF pulse sequence and arranged to receive resulting MR
signals from a subject of interest in the bore within an MR field-of-view (FOV). The
PET-MRI apparatus also includes a positron emission tomography (PET) system having
a detector array encircling the bore, with the detector array being controlled to acquire
PET emissions of the subject of interest within a PET detector FOV, and a patient
support assembly configured to provide for support and movement of the subject of
interest through the bore to enable acquisition of the MR signals and the PET emissions
from the subject of interest, the patient support assembly comprising a cradle configured
to accommodate the subject of interest and a bridge configured to receive the cradle and
provide for translation therealong. 'The PET-MRI apparatus further includes a
stationary radio frequency (RF) coil structure positioned on the bridge so as to be
between the bridge and the cradle and such that a portion of the RF coil structure is
within the PET FOV, the RF coil structure comprising a base portion, a cover portion
positioned over the base portion, an array of RF coil elements positioned on the cover
portion so as to be positioned within the MR FOV and PET FOV, and driver electronics
configured to control operation of the array of RI coil elements, the driver electronics

being positioned within the base portion so as to be positioned outside of the PET FOV.
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[0053] According to another embodiment of the invention, a stationary posterior RF
coil structure for use in a stand-alone MR imaging system or a combination PET-MR
imaging system includes a base portion, a cover portion positioned over the base
portion, an array of RF coil elements positioned on the cover portion and, in a first
region of the RF coil structure, and driver electronics configured to control operation of
the array of RF coil elements, the driver electronics being positioned in the base portion,
in a second region of the RF coil structure, so as to be separated from the array of RF
coil elements. The cover portion further includes a bottom surface and a pair of
contoured side surfaces extending up from the bottom surface, wherein the array of RF
coil elements is arranged and positioned on the cover portion so as to extend from the

bottom surface up the pair of contoured side surfaces.

[0054] According to yet another embodiment of the invention, an MR imaging
apparatus includes an MRI system configured to acquire MR signals from a subject of
interest, the MRI system having a plurality of gradient coils positioned about a bore of a
magnet and an RF coil assembly coupled to a pulse generator to emit an RF pulse
sequence. The MR imaging apparatus also includes a patient support assembly
configured to provide for support and movement of the subject of interest through the
bore to enable acquisition of the MR signals from the subject of interest, the patient
support assembly comprising a cradle configured to accommodate the subject of interest
and a bridge configured to receive the cradle and provide for translation therealong.
The MR imaging apparatus further includes a central matrix array (CMA) structure
positioned on the bridge so as to be between the bridge and the cradle, the CMA
structure comprising a base portion, a cover portion attached to the base portion so as to
be positioned between the base portion and the cradle, an array of RI coil elements
positioned on the cover portion, and a plurality of structural members extending upward
from a bottom surface of the base portion, the plurality of structural members being
configured to fully support a load applied by the cradle as the cradle translates the
subject of interest through the bore, without any of the load being transferred to the

array of RF coil elements.
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[0055] This written description uses examples to disclose the invention, including
the best mode, and also to enable any person skilled in the art to practice the invention,
including making and using any devices or systems and performing any incorporated
methods. The patentable scope of the invention is defined by the claims, and may
include other examples that occur to those skilled in the art. Such other examples are
intended to be within the scope of the claims if they have structural elements that do not
differ from the literal language of the claims, or if they include equivalent structural

elements with insubstantial differences from the literal languages of the claims.



WO 2015/009598 PCT/US2014/046471
22

CLAIMS

What is claimed is:

1. A PET-MRI apparatus comprising:

a magnetic resonance imaging (MRI) system having a plurality of
gradient coils positioned about a bore of a magnet, and an RF coil assembly coupled to
a pulse generator to emit an RF pulse sequence and arranged to receive resulting MR
signals from a subject of interest in the bore within an MR field-of-view (FOV);

a positron emission tomography (PET) system having a detector array
encircling the bore, with the detector array being controlled to acquire PET emissions of
the subject of interest within a PET detector FOV;

a patient support assembly configured to provide for support and
movement of the subject of interest through the bore to enable acquisition of the MR
signals and the PET emissions from the subject of interest, the patient support assembly
comprising a cradle configured to accommodate the subject of interest and a bridge
configured to receive the cradle and provide for translation therealong; and

a stationary radio frequency (RF) coil structure positioned on the bridge
so as to be between the bridge and the cradle and such that a portion of the RF coil
structure is within the PET FOV, the RT coil structure comprising:

a base portion;

a cover portion positioned over the base portion;

an array of RF coil elements positioned on the cover portion so as
to be positioned within the MR FOV and PET FOV; and

driver electronics configured to control operation of the array of
RF coil elements, the driver electronics being positioned within the base portion so as to

be positioned outside of the PET FOV.

2. The PET-MRI apparatus of claim 1 wherein the cover portion is

contoured so as to match a shape of the cradle; and
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wherein the array of RI coil elements is arranged and positioned on the
cover portion so as to follow the contours of the cover portion, such that a constant and

uniform gap is provided between the array of RF coil elements and the cradle.

3. The PET-MRI apparatus of claim 2 wherein the cover portion comprises
a pair of wings formed on opposing sides of a center area, with the pair of wings of the
cover portion being contoured such that the RF coil elements positioned thereon are

angled so as to point toward a body of the subject-of-interest.

4. The PET-MRI apparatus of claim 1 wherein the base portion comprises:

a plurality of mounting columns extending upward from a bottom surface
of the base portion;

a roller element positioned on a top surface of each of the plurality of
mounting columns, the roller elements being positioned and arranged to engage a
bottom surface of cradle;

wherein the plurality of mounting columns and the respective roller
elements are configured to fully support a load applied by the cradle as the cradle
translates the subject-of-interest through the bore, without any of the load being

transferred to the array of RF coil elements.

5. The PET-MRI apparatus of claim 4 wherein at least a majority of the
plurality of mounting columns are formed on the bottom surface of the base portion at

locations outside of the PET FOV.

6. The PET-MRI apparatus of claim 4 wherein the cover portion of the R
coil structure includes a plurality of openings therein at locations corresponding to the
roller elements, such that the roller elements protrude up through the plurality of

openings to engage the bottom surface of the cradle.
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7. The PET-MRI apparatus of claim 1 wherein the base portion comprises a
handle formed integrally therewith to provide for selective removal of the RF coil

structure from the bridge.

8. The PET-MRI apparatus of claim 1 wherein the bridge comprises:
a rear bridge; and
a front bridge connected to the rear bridge, the front bridge including:
a first section extending from a first edge of the PET tube into the
volume of the bore; and
a second section extending from a second edge of the PET tube
into the volume of the bore, wherein the second section is spaced apart from the first
section so as to form a gap in the front bridge between the first section and the second

section in an area adjacent the detector array of the PET system.

9. The PET-MRI apparatus of claim 8§ wherein the front bridge includes a
coil positioning area formed therein configured to house the RF coil structure therein,
the coil positioning area including portions of the first and second sections of the front
bridge adjacent one another and including the gap formed between the first section and

the second section.

10. A stationary posterior radio frequency (RF) coil structure for use in a
stand-alone magnetic resonance (MR) imaging system or a combination positron
emission tomography (PET)-MR imaging system, the RF coil structure comprising:

a base portion;

a cover portion positioned over the base portion;

an array of RF coil elements positioned on the cover portion and, in a
first region of the RF coil structure; and

driver electronics configured to control operation of the array of RI coil
elements, the driver electronics being positioned in the base portion, in a second region
of the RF coil structure, so as to be separated from the array of RF coil elements;

wherein the cover portion further comprises:
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a bottom surface; and

a pair of contoured side surfaces extending up from the bottom
surface;

wherein the array of RF coil elements is arranged and positioned
on the cover portion so as to extend from the bottom surface up the pair of contoured

side surfaces.

11. The RF coil structure of claim 10 further comprising a plurality of
structural members formed in the base portion, each of the plurality of structural
members including a vertically oriented roller element positioned on a top surface
thereof;

wherein the plurality of structural members are configured to fully
support a load applied to the RF coil structure without any of the load being transferred
to the array of RF coil elements, the load comprising a load applied by a cradle
translating a patient through a bore of the stand-alone MR imaging system or

combination PET-MR imaging system.

12. The RF coil structure of claim 11 wherein a majority of the plurality of

structural members are located outside of the first region of the RF coil structure.

13. The RF coil structure of claim 11 wherein the arranging and positioning
of the RF coil elements on the cover portion so as to extend from the bottom surface up
the pair of contoured side surfaces provides a constant and uniform gap between the

array of RF coil elements and the cradle.

14. The RF coil structure of claim 11 wherein the cover portion of the RF
coil structure includes a plurality of openings therein at locations corresponding to the
roller elements, such that the roller elements protrude up through the plurality of

openings to engage the bottom surface of cradle.
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15. The RF coil structure of claim 10 wherein each of the base portion and
the cover portion comprises a handle formed integrally therewith to provide for
selective removal of the RF coil structure from the stand-alone MR imaging system or

combination PET-MR imaging system.

16. A magnetic resonance (MR) imaging apparatus comprising:

a magnetic resonance imaging (MRI) system configured to acquire MR
signals from a subject of interest, the MRI system having a plurality of gradient coils
positioned about a bore of a magnet and an RF coil assembly coupled to a pulse
generator to emit an RF pulse sequence;

a patient support assembly configured to provide for support and
movement of the subject of interest through the bore to enable acquisition of the MR
signals from the subject of interest, the patient support assembly comprising a cradle
configured to accommodate the subject of interest and a bridge configured to receive the
cradle and provide for translation therealong; and

a central matrix array (CMA) structure positioned on the bridge so as to
be between the bridge and the cradle, the CMA structure comprising:

a base portion;

a cover portion attached to the base portion so as to be positioned
between the base portion and the cradle;

an array of RF coil elements positioned on the cover portion; and

a plurality of structural members extending upward from a
bottom surface of the base portion, the plurality of structural members being configured
to fully support a load applied by the cradle as the cradle translates the subject of
interest through the bore, without any of the load being transferred to the array of RF

coil elements.

17. The MR imaging apparatus of claim 16 wherein each of the plurality of
structural members includes a vertically oriented roller element positioned and arranged
to engage a bottom surface of the cradle, so as to provide for a rolling engagement with

the cradle as it traverses over the CMA structure.
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18. The MR imaging apparatus of claim 17 wherein the cover portion
includes a plurality of openings therein at locations corresponding to the structural
elements elements, such that the vertically oriented roller elements protrude up through

the plurality of openings to engage the cradle.

19. The MR imaging apparatus of claim 16 wherein the cover portion
comprises contoured side surfaces formed on opposing sides thereof; and

wherein the array of RI coil elements is arranged and positioned on the

cover portion so as to extend up the contoured side surfaces, such that a constant and

uniform gap is provided between the array of RF coil elements and the cradle, with the

RF coil elements being positioned in proximity to, and angled so as to point toward, a

body of the subject of interest.

20. The MR imaging apparatus of claim 16 further comprising a positron
emission tomography (PET) system integrated into the MRI system and having a PET
detector positioned on a PET tube encircling the bore, with the PET detector being
controlled to acquire PET emissions of the subject of interest from a PET field-of-view

(FOV).

21. The MR imaging apparatus of claim 20 wherein the array of RF coil
elements are positioned within the PET FOV; and

wherein the CMA structure further comprises driver electronics

configured to control operation of the array of RIF coil elements, with the driver

electronics being positioned within the base portion so as to be positioned outside of the

PET FOV.
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