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PET ACQUISITION SCHEDULING BASED ON
MR SCOUT IMAGES

BACKGROUND

[0001] Positron Emission Tomography (PET) imaging
involves the creation of tomographic images of positron emit-
ting radionuclides in a subject of interest. Conventionally, a
subject (e.g., a human patient) receives a PET agent, e¢.g., a
radiopharmaceutical, and then is positioned within a PET
imaging system that includes a detector and detection elec-
tronics. As the PET agent decays, positively charged anti-
electrons (positrons) are emitted. For commonly used PET
agents the positrons travel a few millimeters through the
tissues of the subject before colliding with an electron, result-
ing in mutual annihilation. The positron/electron annihilation
results in a pair of oppositely-directed gamma rays with
approximately 511 keV energy.

[0002] When the gamma rays impinge on the detector, the
detector emits light, which is detected by detection electron-
ics. The signals corresponding to the emitted light are pro-
cessed as incidences of gamma rays. When two gamma rays
strike oppositely positioned scintillators of the detector at
approximately the same time, a coincidence is registered. The
coincidences are processed to identify true coincidence
events, which are binned and integrated to form frames of
PET data that can be reconstructed as images depicting the
distribution of the PET agent in the subject.

[0003] Another technique employed in medical imaging is
Magnetic Resonance Imaging (MRI), which conventionally
uses a powerful magnet to create a strong, uniform, static
magnetic field (i.e., the “main magnetic field”) to polarize
hydrogen nuclei in a subject’s tissue so that the magnetic
moments generally align along the direction of the main
magnetic field. MRI systems conventionally include gradient
coils that produce smaller amplitude (i.e. compared to the
main magnetic field), spatially varying magnetic fields in
response to an electric current control signal. Typically, gra-
dient coils are designed to produce a magnetic field compo-
nent that is generally aligned along the axis of the main
magnetic field and that varies in amplitude with position
along one or more axes. The effect of a gradient coil is to
create a small ramp on the magnetic field strength and con-
comitantly on the resonant frequency of the nuclear spins,
along a single axis. Three gradient coils with orthogonal axes
are typically used to “spatially encode” the magnetic reso-
nance (MR) signal by creating a signature resonance fre-
quency at each location in the body. Radio frequency (RF)
coils are used to create pulses of RF energy at or near the
resonance frequency of the hydrogen nuclei. These coils are
used to add energy to the nuclear spin system in a controlled
fashion. As the nuclear spins then relax back to their rest
energy state, they give up energy in the form of an RF signal,
which can be detected by the MRI system as MR data, and
combined with multiple additional such signals may be used
to reconstruct an MR image using a computer and known
algorithms.

[0004] Inrecentyears, hybrid or combined PET-MRI scan-
ners have been developed so that PET and MR1images can be
acquired using a single medical imaging scanner. While these
conventional combined PET-MRI scanners can offer efficien-
cies over separate and individual PET scanners and MRI
scanners, the combination of the PET and MRI scanners into
asingle scanner presents difficult challenges in realizing such
efficiencies and ensuring high quality image acquisition.
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SUMMARY

[0005] Exemplary embodiments of the present disclosure
are directed to generating PET scan schedules based on a
series of MR scout images acquired for the subject. The
acquired MR scout images can be used by exemplary embodi-
ment of the present disclosure to determine an anatomy of the
subject, which can be represented as an anatomy map. The
schedule can be generated to account for the subject’s
anatomy to plan a sequence of PET scans that are specific to
the subject. The schedule can be generated to specify a
sequence of bed positions, scan durations/acquisition times,
and whether respiratory gating will be used at the bed posi-
tions.

[0006] Exemplary embodiments of the present disclosure
advantageously tailor PET scans based on a programmati-
cally generated schedule based on an anatomy of a subject so
that a combined PET-MRI scanner can step through bed posi-
tions specified in the schedule according to a specific
patient’s anatomy, taking into account factors such as
whether the anatomy in the region of interest (e.g. lungs/
diaphragm) is moving, and the anatomy’s overall expected
attenuation. Using exemplary embodiments of the present
disclosure can advantageously allow for specifying bed posi-
tion parameters such as bed position, acquisition time, and
presence/absence of retrospective respiratory gating based
for each patient to provide a custom PET scan schedule for
each patient. The MR scout images can be advantageously
acquired while the bed is advanced to an initial PET scan
position in the PET-MRI scanner so that no additional time is
required to plan for the PET scans to be acquired.

[0007] In one embodiment, a combined positron emission
tomography (PET) and magnetic resonance imaging (MRI)
system is disclosed that includes PET detector/imaging com-
ponents, MRI components, and a processing device. The PET
detector/imaging components form a PET scanner portion of
the combined PET-MRI scanner and the MRI components
form an MRI scanner portion of the combined PET-MRI
scanner. The PET detector/imaging components constitute
the PET scanner portion while the MRI components consti-
tute the MRI scanner portion of the combined PET-MR scan-
ner. The processing device is in communication with the MR
components to acquire a sequence of MR scout images of a
subject via the MRI scanner portion and with the PET com-
ponents to acquire a sequence of PET scans of the subject via
the PET scanner portion and according to a schedule pro-
grammatically generated based on an anatomy of the subject
determined from the MR scout images.

[0008] In another embodiment, a method of scheduling
positron emission tomography (PET) scans with a combined
PET-MRI scanner is disclosed. The method includes acquir-
ing a sequence of MR scout images of a subject, determining
an anatomy and an orientation of the subject based on the MR
scout images, and generating a schedule for acquiring PET
scans of the subject based on the anatomy of the subject
determined from the MR scout images.

[0009] In yet another embodiment, a non-transitory com-
puter-readable storage medium storing executable instruc-
tions is disclosed. Execution of the instructions by a process-
ing device causes the processing device to implement a
method that includes acquiring a sequence of MR scout
images of a subject, determining an anatomy and an orienta-
tion of the subject based on the MR scout images, and gen-
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erating a schedule for acquiring PET scans of the subject
based on the anatomy of the subject determined from the MR
scout images.

[0010] Insome embodiments, a bed of the combined PET-
MRI scanner can be moved along a longitudinal axis with
respect to an MRI scanner portion of the combined PET-MRI
scanner to acquire the sequence of MR scout images along at
least a portion of a length of the bed.

[0011] In some embodiments, the schedule can include a
sequence of bed positions with respect to a field of view of the
PET scanner portion and can include an acquisition time
associated with each of the bed positions. The PET scans of
the sequence of PET scans can be acquired at each of the bed
positions according to the acquisition time associated with
the bed positions. The acquisition time is based on the
anatomy of the subject determined from the MR scout
images. The MR scout images are represented in an anatomy
map and an orientation of the subject is determined based on
the anatomy map.

[0012] In some embodiments, the individual PET scans of
a sequence of overall PET scans for which respiratory gating
is scheduled can be identified and/or the bed positions can be
specified to separate moving anatomy PET scans from non-
moving anatomy scans based on the MR scout images. As an
example, the MR scout images identifies the region of the
anatomy where a PET scan is scheduled. The anatomy that is
identified determines the PET acquisition protocol that
should be performed. If the anatomy is in the abdominal area
where respiratory gating is required, the system automati-
cally recognizes such a case and enables respiratory gating/
motion compensation for the PET acquisition. If the anatomy
is such that there is no motion compensation (for example in
the pelvis or lower extremities) then respiratory gating is not
required and is not scheduled for that specific PET acquisi-
tion.

[0013] Insome embodiments, the bed can be moved along
a longitudinal axis with respect to an MRI scanner portion of
the combined PET-MRI scanner to acquire the MR scout
images and the bed can be moved along the longitudinal axis
with respect to the PET scanner portion of the combined
PET-MRI scanner to acquire at least one of the PET scans of
the sequence of PET scans at sequence of bed position
according to the schedule.

[0014] Any combination or permutation of embodiments is
envisioned. Other objects and features will become apparent
from the following detailed description considered in con-
junction with the accompanying drawings. It is to be under-
stood, however, that the drawings are designed as an illustra-
tion only and not as a definition of the limits of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG.1illustrates an exemplary combined PET-MRI
scanner in accordance with exemplary embodiments of the
present disclosure.

[0016] FIG.2is aflowchart of an exemplary scheduling and
scanning process that can be implemented using an embodi-
ment of the combined PET-MRI scanner of FIG. 1.

[0017] FIG. 3 is an exemplary anatomy map that can be
generated using MR scout images acquired in accordance
with exemplary embodiments of the present disclosure.
[0018] FIG. 4 illustrates a scan schedule that can be gener-
ated based on MR scout images of a subject in accordance
with exemplary embodiments of the present disclosure.
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[0019] FIG. 5 illustrates another scan schedule that can be
generated based on MR scout images of a subject in accor-
dance with exemplary embodiments of the present disclosure.
[0020] FIG. 6 illustrates yet another scan schedule that can
be generated based on MR scout images of a subject in accor-
dance with exemplary embodiments of the present disclosure.
[0021] FIG. 7 is an exemplary computing device for imple-
menting exemplary embodiments of the present disclosure.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0022] Exemplary embodiments of the present disclosure
are directed to generating a schedule for PET data acquisition
in acombined PET-MRI scanner based on acquired MR scout
images. The acquired MR scout images can be used by exem-
plary embodiment of the present disclosure to determine an
anatomy of the subject, which can be represented as an
anatomy map. The schedule can be generated to account for
the subject’s anatomy to provide plan a sequence of PET
scans that are specific to the subject. The schedule can be
generated to specify a sequence of bed positions, scan dura-
tions/acquisition times, and whether respiratory gating will
be used at the bed positions. The bed positions in the schedule
can be specified to segment the scans into moving and non-
moving anatomy based on the anatomy of the subject and the
bed positions can be specified based on a height of the subject
determined from the MR scout images.

[0023] FIG. 1 is illustrative of a hybrid or combined
Positron Emission Tomography (PET)-Magnetic Resonance
Imaging (MRI) scanner 10. The scanner 10 can generally
extend longitudinally along a longitudinal axis L from a
proximal end 12 to the distal end 14. The scanner 10 can
include MRI components 16 forming an MRI scanner portion
configured to acquire MR data, PET imaging components 18
forming a PET image scanner portion configured to acquire
PET image data, and a support structure, ¢.g., a bed 20 (or
table), configured to translate along the longitudinal axis L
from the proximal end 12 to the distal end 14 to position the
bed 20 with respect to a field of view (FOV) of the MRI
scanner portion and a FOV of the PET scanner portion.
[0024] The MRI components 16 can include a magnet
assembly 22 and a gradient coil assembly 24, which can be
implemented separately or as part of the magnet assembly 22.
The magnet assembly 22 can include a polarizing main mag-
net 26. The MRI components 16 can include an RF coil
assembly 28, which can be implemented as a radio frequency
(RF) transmit coil and a phased array receive coil. The RF coil
assembly 28 can be configured to transmit RF excitation
pulses and to receive MR signals radiating from the subject in
response to the RF excitation pulses. The gradient assembly
24 can include one or more physical gradient coils (e.g., three
gradient coils having orthogonal axes) to produce magnetic
field gradients to spatially encode acquired MR data output
from the scanner 10 according to ak-space or raw data matrix.
In exemplary embodiments, one or more k-space trajectories
can be implemented, such as a Cartesian k-space trajectory,
spiral k-space trajectory, cone k-space trajectory, radial
k-space trajectory, and/or any other suitable k-space trajec-
tory.

[0025] The PET imaging components 18 of the scanner 10
can include a positron emission detector 30, configured to
detect gamma rays from positron annihilations emitted from
a subject. Detector 30 can include scintillators and photovol-
taic detection electronics. The detector 30 can be of any
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suitable construction and have any suitable arrangement for
acquiring PET data. For example, in exemplary embodi-
ments, the detector 30 can have a ring configuration. Gamma
ray incidences detected by the scintillators of the detector 30
can be transformed, by the photovoltaic detection electronics
of the detector 30, into electrical signals, which can be con-
ditioned and processed to output digital signals that can
match pairs of 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. The coincidences can be sorted and
integrated as PET data that can be processed and/or stored via
a computing system 40.

[0026] In an exemplary embodiment, the scanner 10 can
include a control system 50 having a processing device, e.g.,
controller 52, for controlling an operation of the scanner 10.
The controller 52 of the control system 50 can be pro-
grammed and/or configured to control an operation of the
MRI components 16, PET components 18, and/or bed 20.
While the control system 50 is depicted as being included in
the scanner 10, those skilled in the art will recognize that the
control system 50, or portions thereof, can be implemented
separately and apart from the scanner 10 and can be commu-
nicatively coupled to the scanner 10. The control system 50
can be in communication with a computing device 40 such
that the scanner 10 can be programmed and/or controlled, via
a computing system 40 communicatively coupled to the con-
trol system 50 to transmit data and/or commands to the con-
troller 52 of the control system 50 to control an operation of
the scanner 10. In some embodiments, the computing device
40 can be in communication with the control system 50 via a
communications network 54.

[0027] In exemplary embodiments, the computing system
40 can configure and/or program the controller 52 of the
control system 50 to control the MRI components 16, PET
components 18, and/or the bed 20 to perform a scan sequence
in response to instructions, commands, and/or requests trans-
mitted to the control system 50 by the computing device 40.
As one example, the controller 52 of the control system 50 can
be programmed to acquire a sequence of PET images accord-
ing to a schedule by passing the bed, upon which the subject
is supported, through the field of view of the PET scanner
portion of the scanner 10. As another example, the controller
52 of the control system can be programmed and/or config-
ured (e.g., via the computing device 40) to generate RF and
gradient pulses of a scan sequence for acquisition of MR
images. Some of these pulses can have a timing, strength, and
shape corresponding to a timing and length of a data acqui-
sition window over which the MR data are to be acquired.

[0028] Gradient pulses can be produced during the MR data
acquisition by controlling one or more physical gradient coils
in a gradient coil assembly 24 to produce magnetic field
gradients to spatially encode acquired MR data output from
the scanner 10 in one or more lines of k-space. MR signals
resulting from the excitation pulses, emitted by excited nuclei
in asubject, can be sensed by the RF coil assembly 28, and can
be provided to the computing system for processing. MR data
canbe collected and output as one or more sets of raw k-space
data. The raw k-space data can be utilized in reconstruction
(e.g., via Fourier transform) of MR image data by the com-
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puting device 40 and/or another device. In some embodi-
ments, PET data and MR data can be concurrently acquired
by the scanner 10.

[0029] Inexemplary embodiments, the field of view (FOV)
of the MR data acquisition can be shifted by the control
system 50 (e.g., at the direction of the computing device 40).
For example, a location of the FOV can be controlled by
controlling a frequency of the MR receiver and/or a phase of
the MR receiver (e.g., via the computing device 40 and/or
control system 50). The FOV defines the imaging area of the
MRI scanner portion such that portions of the subject that are
within the FOV are imaged by the MRI scanner portion. MR
data can be acquired for a subject by shifting the FOV of the
MRI scanner portion and/or by adjusting a position of the bed
20 with respect to the FOV. For example, a full/whole-body
MR scan of a patient can be accomplished by positioning the
bed 20 within the scanner 10 and acquiring MR data for
different fields of view and/or by maintaining a static field of
view and passing the bed 20, upon which the subject is sup-
ported, through the field of view.

[0030] In an exemplary operation of the scanner 10, the
controller 52 of the control system 50 advances the bed 20
(either continuously or in stages) into the scanner 10 along the
longitudinal axis L from the proximal end 12 towards the
distal end 14. As the bed 20 is advanced, a series of rapid MR
scout images is acquired (e.g., coronal images with approxi-
mately 1 second for each image acquisition) from head to toe
(or in the reverse order if the patient is positioned feet-first). A
PET acquisition schedule can be programmatically generated
(e.g., by the controller 52 and/or computing device 40) based
on an anatomy identified in the MR scouts and the controller
52 of the control system 50 can control the scanner 10 accord-
ing to the PET acquisition schedule.

[0031] The anatomy of the subject can be identified from
the MR scout images by generating (via the computing device
40) an anatomy map that includes an outline of the subject’s
body and the location of major organs such as the lungs. The
outline can be generated based on a pixel intensity contrast
between the subject’s body and the surrounding environment
of the subject (e.g., air). The outline generated by the com-
puting device 40 can be used to determine an orientation of
the subject on the bed 20 for example by identifying the legs
and head of the subject. Using the outline and organ locations,
the schedule of PET scans can be generated (via the controller
52 and/or computing device) to segment the scans according
to the anatomy and orientation of the subject as well as the
height of the subject so that the scheduled scans can integrally
cover the subject’s anatomy.

[0032] Alternatively, the anatomy can be recognized from
the MR images through a variety of established techniques.
As an example, the cardiac anatomy can be automatically
identified using methods similar to that described in U.S. Pat.
No. 8,165,377. These classes of techniques uses direct iden-
tification of anatomical landmarks. The use of a combination
of body outline/contours and also anatomical organ land-
marks also represent one embodiment of the automatic
anatomy identification/recognition step.

[0033] ThePET acquisition schedule can include PET scan
parameters including a sequence of bed positions at which
PET scans are to be acquired and PET scan duration or acqui-
sition time for each bed position in the sequence. In exem-
plary embodiments, scan durations can be based on expected
PET attenuation for a given region of the subject and/or on
whether retrospective respiratory gating will be used at a
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given bed position. For example, the MR scouts can be pro-
cessed to identify portions of the anatomy that have less
attenuation than other portions of the anatomy of the subject
and the schedule can be generated to specify a shorter scan
duration for the portions of the anatomy having less attenua-
tion. In some embodiments, the attenuation coefficients can
be determined based on a cross-sectional area of a slice of the
MR scout images transverse to the longitudinal axis, where a
portion of the anatomy that has a smaller cross-sectional area
(e.g., the legs) generally corresponds to a smaller attenuation
than a portion of the anatomy (e.g., the abdomen) that has a
larger cross-sectional area. In other embodiments, the MR
scout images can be segmented into different tissue types
(e.g. muscle or bone) using segmentation techniques known
in the art, and this information used to refine the attenuation
coefficients. Retrospective gating can be applied to the PET
data using a gating device, simultaneous MR motion data,
PET device-less gating, and/or using any other suitable tech-
niques. Using the schedule, the controller 52 can move the
bed 20 to each position in the sequence and can acquire PET
data at each position according to the scan duration for that
position and/or whether respiratory gating will be used. In
exemplary embodiments, MR data can be acquired concur-
rently with the PET data.

[0034] FIG. 2 is a flowchart of an exemplary scheduling
process that can be implemented in accordance with exem-
plary embodiments of the present disclosure. To begin, a PET
agent is administered to a subject (e.g., a human patient). The
subject is supported by the bed of the scanner and the bed is
advanced into the scanner (60). The bed can be advanced into
the PET-MR scanner along the longitudinal axis through the
proximal end of the scanner and towards the distal end of the
scanner. As the bed is advanced—either continuously or in
stages—a series of MR scout images (e.g., coronal or low-
resolution 3D images) is acquired over the body ofthe subject
(e.g., from head to toe or vice versa) (62). The MR scout
images are “stitched” together into an anatomy map of the
subject (64). The acquisition of the MR scout images can
begin in response to initiation of the bed advancement into the
bore of the scanner.

[0035] Usingthe anatomy of the subject captured in the MR
scout images, a schedule of PET scans to be acquired is
programmatically generated (66). The schedule can include a
sequence of bed positions at which PET data are to be
acquired and a scan duration for each bed position. In an
exemplary embodiment, the bed positions can be specified to
ensure that an integral number of be positions spans the
anatomy of the subject, and that positions are well segmented
into moving (e.g. from respiration) and non-moving anatomy.
The orientation of the patient (e.g., feet or head first) is gen-
erally irrelevant because the orientation can be determined.

[0036] The scan durations for each bed position can be
determined based on an expected PET attenuation (e.g. the
legs will have less attenuation and so require shorter scan
durations as compared to other portions of the subject’s
body), and on whether retrospective respiratory gating or
other motion compensation algorithms will be used at a given
position. The anatomy is automatically identified for each
scan position, and respiratory gating or motion compensation
algorithms can be dispensed with when imaging regions
where there is no respiratory motion. This applies to imaging
the legs (at or below the pelvis) and also the head and neck
regions.
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[0037] Once the PET bed-position schedule is calculated,
the bed is moved according to the schedule to a first position
in the sequence of bed positions (68), and PET imaging is
commenced at the first bed position for a scan duration cor-
responding to the first bed position in the sequence of bed
positions (70). If there are additional bed positions in the
schedule (72), the bed is moved to the next bed position in the
schedule (74) and PET imaging (and MR imaging) is com-
menced at the next bed position for the scan duration corre-
sponding to the next bed position (76). If there are no more
bed positions (72), the schedule has been complete and the
bed is moved out of the scanner to allow the patient to dis-
mount from the bed (78). In some embodiments, MR imaging
can also be conducted simultaneously with PET data acqui-
sition at some or all of the different bed positions in the
sequence of bed positions.

[0038] FIG. 3 is an exemplary anatomy map 80 of a subject
that can be generated using acquired MR scout images. In
exemplary embodiments, the MR scout images can be coro-
nal scout images that are acquired as the bed of the scanner is
advanced along the longitudinal axis towards the distal end of
the scanner. As shown in FIG. 3, the anatomy map 80 can
form an outline 82 of the subject to identify a boundary
between the subject and the subject’s surrounding environ-
ment. The anatomy map 80 can provide crude details of the
internal structure 84 of the subject, which together with the
outline 82, can be used to generate the scan schedule. The
anatomy map 80 together with the outline 82 can also be used
to identify the appropriate anatomy-specific detection algo-
rithm, depending on the bed position. The ability to provide
more detailed anatomy-specific identification also aids in
more accurate assignment of tissue-specific attenuation coef-
ficients for the PET image reconstruction. Anatomy-specific
identification also aids in selecting the appropriate anatomy
segmentation algorithms. As an example, a different anatomy
segmentation approach is used for the brain as opposed to that
used for the anatomical structures in the abdomen.

[0039] FIG. 4illustrates a basic scan schedule 86 generated
using conventional scheduling techniques. As shown in FIG.
4, a whole body PET scan of a subject 88 is planned. The
schedule 86 includes a sequence of scans 90 (e.g., from head
to toe or vice versa) each corresponding to a position of a
subject 88 on a bed with respect to the field of view of the PET
scanner portion of the PET-MRI scanner. The scan durations
for each position can be uniform (e.g., three minutes per scan)
such that the duration of each scan is substantially identical
and does not account for different attenuation coefficients
associated with different portions of the subject’s body and/or
whether respiratory gating will be used.

[0040] FIG. 5illustrates another scan schedule 92 that can
be generated based on MR scout images of the subject 88 in
accordance with exemplary embodiments of the present dis-
closure. As shown in FIG. 5, a whole body PET scan of a
subject 88 is planned based on an anatomy map of the subject
88 generated using MR scout images acquired for the subject
88. The schedule 92 includes a sequence of scans 96 (e.g.,
from head to toe or vice versa) each corresponding to a
position of a subject 88 on a bed with respect to the field of
view of the PET scanner portion of the PET-MRI scanner. The
scan durations for each position can be specified based on the
anatomy map to improve the efficiency of the PET-MRI scan-
ner, by modifying the scan duration, as compared to the
schedule 86 of FIG. 4. The bed positions can be arranged to
insure that an integral number of positions spans the anatomy,
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and that the bed positions are specified to provide well seg-
mented scanning separating moving (e.g. from respiration)
and non-moving anatomy into different scans. The scan dura-
tions at each position are assigned based on expected PET
attenuation (e.g. the legs will have less attenuation and so
require shorter scan durations), and on whether retrospective
respiratory gating will be required at a given position.
Because the anatomy is automatically identified for each scan
position, respiratory gating can be dispensed with when
imaging regions where there is no respiratory motion. This
applies to imaging the legs (at or below the pelvis) and also
the head and neck regions. Additionally, respiratory gating
can be automatically specified based on the identified
anatomy so that, for example, a scheduled scan of the lungs
can use one or more respiratory gating techniques.

[0041] FIG. 6 illustrates a scan schedule 98 that can be
generated based on MR scout images of a subject 100 in
accordance with exemplary embodiments of the present dis-
closure. The subject 100 can be smaller than the subject 88
shown in FIGS. 4 and 5. As shown in FIG. 6, a whole body
PET scan of a subject 100 is planned based on an anatomy
map of the subject 100 programmatically generated using
MR scout images acquired for the subject 100. The schedule
98 includes a sequence of scans 102 (e.g., from head to toe or
vice versa) each corresponding to a position of a subject 100
on a bed with respect to the field of view of the PET scanner
portion of the PET-MRI scanner. As shown in FIG. 6, the
scheduled scans have a greater overlap that than the scheduled
scans shown in FIG. 5. The scan durations for each position
can be specified based on the anatomy map to improve the
efficiency of the PET-MRI scanner.

[0042] FIG. 7 is a block diagram of an exemplary comput-
ing device 110 that may be used to implement exemplary
embodiments of the present disclosure. For example, the
computing device 110 can correspond to the computing
device 40 of FIG. 1. The computing device 110 includes one
or more non-transitory computer-readable media for storing
one or more computer-executable instructions or software for
implementing exemplary embodiments. The non-transitory
computer-readable media may include, but are not limited to,
one or more types of hardware memory, non-transitory tan-
gible media (for example, one or more magnetic storage
disks, one or more optical disks, one or more flash drives), and
the like. For example, memory 116 included in the computing
device 110 may store computer-readable and computer-ex-
ecutable instructions or software for interface with and/or
controlling an operation of the scanner 10. The computing
device 110 also includes configurable and/or programmable
processor 112 and associated core 114, and optionally, one or
more additional configurable and/or programmable process-
ing devices, e.g., processor(s) 112" and associated core(s) 114'
(forexample, in the case of computer systems having multiple
processors/cores), for executing computer-readable and com-
puter-executable instructions or software stored in the
memory 116 and other programs for controlling system hard-
ware. Processor 112 and processor(s) 112' may each be a
single core processor or multiple core (114 and 114') proces-
SOr.

[0043] Virtualization may be employed in the computing
device 110 so that infrastructure and resources in the com-
puting device may be shared dynamically. A virtual machine
124 may be provided to handle a process running on multiple
processors so that the process appears to be using only one

May 29, 2014

computing resource rather than multiple computing
resources. Multiple virtual machines may also be used with
One Processor.

[0044] Memory 116 may include a computer system
memory or random access memory, such as DRAM, SRAM,
EDO RAM, and the like. Memory 116 may include other
types of memory as well, or combinations thereof.

[0045] A user may interact with the computing device 110
through a visual display device 128, such as a computer
monitor, which may display one or more user interfaces 130
that may be provided in accordance with exemplary embodi-
ments. The computing device 110 may include other 1/O
devices for receiving input from a user, for example, a key-
board or any suitable multi-point touch interface 118, a point-
ing device 120 (e.g., a mouse). The keyboard 118 and the
pointing device 120 may be coupled to the visual display
device 128. The computing device 110 may include other
suitable conventional 1/0 peripherals.

[0046] The computing device 110 may also include one or
more storage devices 134, such as a hard-drive, CD-ROM, or
other computer readable media, for storing data and com-
puter-readable instructions and/or software that interface
with and/or control an operation of the scanner 10 described
herein. Exemplary storage device 134 may also store one or
more databases for storing any suitable information required
to implement exemplary embodiments. For example, exem-
plary storage device 134 can store one or more databases 136
for storing information, such as scan sequences, scan sched-
ules, anatomy maps, MR scout data, MR data, PET data, MR
scout images, MR images, PET images, PET attenuation
coeflicients, and/or any other information that can be used to
implement exemplary embodiments of the present disclosure.
The databases may be updated by manually or automatically
at any suitable time adding, deleting, and/or updating one or
more items in the databases.

[0047] The computing device 110 can include a network
interface 122 configured to interface via one or more network
devices 132 with one or more networks, for example, Local
Area Network (LAN), Wide Area Network (WAN) or the
Internet through a variety of connections including, but not
limited to, standard telephone lines, LAN or WAN links (for
example, 802.11, T1, T3, 56 kb, X.25), broadband connec-
tions (for example, ISDN, Frame Relay, ATM), wireless con-
nections, controller area network (CAN), or some combina-
tion of any or all of the above. The network interface 122 may
include a built-in network adapter, network interface card,
PCMCIA network card, card bus network adapter, wireless
network adapter, USB network adapter, modem or any other
device suitable for interfacing the computing device 110 to
any type of network capable of communication and perform-
ing the operations described herein. Moreover, the computing
device 110 may be any computer system, such as a worksta-
tion, desktop computer, server, laptop, handheld computer,
tablet computer, or other form of computing or telecommu-
nications device that is capable of communication and that
has sufficient processor power and memory capacity to per-
form the operations described herein.

[0048] The computing device 110 may run any operating
system 126, such as any of the versions of the Microsofi®
Windows® operating systems, the different releases of the
Unix and Linux operating systems, any version of the
MacOS® for Macintosh computers, any embedded operating
system, any real-time operating system, any open source
operating system, any proprietary operating system, or any
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other operating system capable of running on the computing
device and performing the operations desctibed herein. In
exemplary embodiments, the operating system 126 may be
run in native mode or emulated mode. In an exemplary
embodiment, the operating system 126 may be run on one or
more cloud machine instances.

[0049] In describing exemplary embodiments, specific ter-
minology is used for the sake of clarity. For purposes of
description, each specific term is intended to at least include
all technical and functional equivalents that operate in a simi-
lar manner to accomplish a similar purpose. Additionally, in
some instances where a particular exemplary embodiment
includes a plurality of system elements, device components
or method steps, those elements, components or steps may be
replaced with a single element, component or step. Likewise,
a single element, component or step may be replaced with a
plurality of elements, components or steps that serve the same
purpose. Moreover, while exemplary embodiments have been
shown and described with references to particular embodi-
ments thereof, those of ordinary skill in the art will under-
stand that various substitutions and alterations in form and
detail may be made therein without departing from the scope
of the invention. Further still, other aspects, functions and
advantages are also within the scope of the invention.

[0050] The exemplary flowchart in FIG. 2 is herein for
illustrative purposes and shows non-limiting examples of
methods. One of ordinary skill in the art will recognize that
exemplary methods may include more or fewer steps than
those illustrated in the exemplary FIG. 2, and that the steps in
the exemplary flowcharts may be performed in a different
order than the order shown in the illustrative flowcharts.

1. A combined positron emission tomography (PET) and
magnetic resonance imaging (MRI) system comprising:
PET imaging components forming a PET scanner portion
of the combined PET-MRI scanner;

MRI components forming an MRI scanner portion of the
combined PET-MRI scanner; and

a processing device in communication with the PET imag-
ing components and the MRI components to acquire a
sequence of MR scout images of a subject via the MRI
scanner portion and to acquire a sequence of PET scans
of the subject via the PET scanner portion and according
to a schedule programmatically generated based on an
anatomy of the subject determined from the MR scout
images.

2. The system of claim 1, further comprising a bed disposed
and moveable along a longitudinal axis with respect to the
MRI scanner portion and the PET scanner portion, wherein
the processing device is programmed to move the bed through
a field of view of the MRI scanner portion to acquire the
sequence of MR scout images along at least a portion of a
length of the bed.

3. The system of claim 2, wherein the schedule includes a
sequence of bed positions with respect to a field of view of the
PET scanner portion, the processing device programmed to
acquire at least one of the PET scans of the sequence of PET
scans at each of the bed positions.

4. The system of claim 3, wherein the schedule includes an
acquisition time associated with each of the bed positions and
the processing device acquires the at least one of the PET
scans at each of the bed positions via the PET scanner portion
and according to the acquisition time.
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5. The system of claim 4, wherein the acquisition time is
specified based on the anatomy of the subject determined
from the MR scout images.

6. The system of claim 3, wherein the schedule identifies
the PET scans of the sequence of PET scans for which respi-
ratory gating or motion compensation algorithm is scheduled.

7. The system of claim 3, the bed positions are specified to
separate moving anatomy PET scans from non-moving
anatomy scans based on the MR scout images.

8. The system of claim 1, wherein the anatomy determined
from the MR scout images are represented in an anatomy map
and an orientation of the subject is determined based on the
anatomy map.

9. A method of scheduling positron emission tomography
(PET) scans with a combined PET-MRI scanner comprising:
acquiring a sequence of MR scout images of a subject;
determining an anatomy and an orientation of the subject

based on the MR scout images; and

generating a schedule for acquiring PET scans of the sub-

ject based on the anatomy of the subject determined
from the MR scout images.

10. The method of claim 9, further comprising moving a
bed along a longitudinal axis with respect to an MRI scarner
portion of the combined PET-MRI scanner, wherein the bed is
moved through a field of view of the MRI scanner portion to
acquire the sequence of MR scout images along at least a
portion of a length of the bed.

11. The method of claim 10, wherein the schedule includes
a sequence of bed positions with respect to a field of view of
the PET scanner portion, and the method further comprises
acquiring at least one of the PET scans of the sequence of PET
scans at each of the bed positions.

12. The method of claim 11, wherein the schedule includes
an acquisition time associated with each of the bed positions
and the method further comprises acquiring the at least one of
the PET scans at each of the bed positions according to the
acquisition time.

13. The method of claim 12, further comprising specifying
the acquisition time based on the anatomy of the subject
determined from the MR scout images.

14. The method of claim 12, further comprising identifying
the PET scans of the sequence of PET scans for which respi-
ratory gating or motion compensation algorithm is scheduled.

15. The method of claim 12, further comprising specifying
the bed positions to separate moving anatomy PET scans
from non-moving anatomy scans based on the MR scout
images.

16. The method of claim 9, wherein the anatomy deter-
mined from the MR scout images are represented in an
anatomy map and an orientation of the subject is determined
based on the anatomy map.

17. The method of claim 9, further comprising:

moving a bed along a longitudinal axis with respect to an

MRI scanner portion of the combined PET-MRI scanner
to acquire the MR scout images; and

moving the bed along the longitudinal axis with respect to

the PET scanner portion of the combined PET-MRI
scanner to acquire at least one of the PET scans of the
sequence of PET scans at sequence of bed position
according to the schedule.

18. A non-transitory computer-readable storage medium
storing executable instruction, wherein execution of the
instructions by a processing device causes the processing
device to implement a method comprising:
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acquiring a sequence of MR scout images of a subject;
determining an anatomy and an orientation of the subject
based on the MR scout images; and
generating a schedule for acquiring PET scans of the sub-
ject based on the anatomy of the subject determined
from the MR scout images.
19. The medium of claim 18, wherein the schedule includes
a sequence of bed positions with respect to a field of view of
the PET scanner portion, the acquisition time is specified
based on the anatomy of the subject determined from the MR
scout images, and the method implemented by execution of
the instructions further comprises:
moving a bed along a longitudinal axis with respect to an
MRI scanner portion of the combined PET-MRI scanner
to acquire the MR scout images; and
moving the bed along the longitudinal axis with respect to
the PET scanner portion of the combined PET-MRI
scanner to acquire at least one of the PET scans of the
sequence of PET scans at each of the bed positions
according to the schedule.
20. The medium of claim 18, wherein the method imple-
mented by the execution of the instructions further comprises:
specifying the bed positions to separate moving anatomy
PET scans from non-moving anatomy scans based on
the MR scout images; and
identifying the PET scans of the sequence of PET scans for
which respiratory gating is scheduled.

I I T T
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