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Description

[0001] The present application relates generally to
magnetic resonance (MR) imaging. It finds particular ap-
plication in conjunction with maintaining geometric align-
ment of scans in cases of strong patient motion and will
be described with particular reference thereto. However,
it is to be understood that it also finds application in other
usage scenarios and is not necessarily limited to the
aforementioned application.

[0002] An MR examination generally includes of a list
of scans with different MR contrasts and/or different ori-
entations. For the reading radiologist, it is often desirable
to compare these different scans slice by slice, for ex-
ample, to analyze the appearance of a lesion under dif-
ferent MR contrast types. If the position of the patient
changes between two consecutive scans, the same voxel
in the scans before and after motion will point to different
locations within the body of the patient. This hampers
slice-by-slice comparison of these scans and makes di-
agnosis more difficult and less reliable. Further, post-
processing applications, such as subtraction of pre-con-
trast and post-contrast scans, may also be prevented
from being performed.

[0003] Deviations between scans are particularly se-
vere when the patient is repositioned by the operator dur-
ing examination. Deviations between scans may also be
severe when the patient feels uncomfortable in the scan-
ner bore, the technical assistant has forgotten to put a
sensor (e.g., a breathing bell) that is required for a par-
ticular scan, or there is a technical problem with, for ex-
ample, a coil.

[0004] When an examination has been interrupted due
to repositioning of the patient, it is currently difficult to
resume the examination while maintaining the geometric
alignment of the scans before and after repositioning.
The technical assistant may decide, in some cases, to
repeat the whole examination, which leads to time delays
andincreasedtime pressure. Alternatively, after the com-
pletion of the examination, it is also possible to register
the reconstructed images and realign the images ac-
quired before and after repositioning. However, in this
case, the image quality of the registered scans is lower
due to increased partial volume effects.

[0005] In examinations that use automated scan plan-
ning software, it is possible to mitigate the effects of re-
positioning by re-launching the automated scan planning
functionality. Generally, this will require the acquisition
of a new survey scan as a basis for the planning. Re-
launching the automated scan planning functionality ad-
vantageously ensures alignment between the initial and
the repeated survey scan. However, it does not neces-
sarily ensure alignment between the diagnostic scans
acquired before and after repositioning.

[0006] US2010/130849 A1 relates to a method for mo-
tion compensation including acquiring an initial volumet-
ric localizer to establish an initial object position and initial
object orientation at an initial state, acquiring a fast lo-
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calizer of the object at a present state, aligning the fast
localizer to the initial volumetric localizers to determine
object motion between the initial state and the present
state, and modifying an imaging protocol using the object
position and orientation at the present state.

[0007] The article by ErnstT. etal.: "Simultaneous cor-
rection for interscan patient motion and geometric distor-
tions in echoplanar imaging", Magnetic Resonance in
Medicine, vol. 42, no. 1, July 1, 1999, pages 201-205,
presents a method for simultaneous correction of linear
geometric distortions and interscan patient motion in
echoplanar imaging (EPI). The method is based on a
generalized surface-based coregistration algorithm,
which accounts for a complete 3-dimensional affine
transformation, i.e., rotations, translations, scaling, and
shearing, between two volumetric image data sets. Any
minimally distorted high-resolution scan may serve as a
reference data set, to which the EPI data set is matched.
[0008] The article by Derbyshire J. A. et al.: "Dynamic
scan-plane tracking using MR position monitoring”, Jour-
nal of Magnetic Resonance Imaging, vol. 8, no. 4, July
1, 1998, pages 924-932, presents an MR-based method
for tracking subject motion. The technique identifies sub-
ject motion from the three-dimensional positions of three
smallsamples attached to the subjectin afixed, triangular
configuration. The updated positions of these samples
relative to their initial positions determine a rigid body
transformation. Applied to the MRI scan prescription via
adaptive feedback controls, this transformation yields an
updated MRI scan plane that tracks the prescribed im-
aging section as the subject moves.

[0009] The present application provides a new and im-
proved system and method which overcome the above-
referenced problems and others.

[0010] Inaccordance with one aspect, a magnetic res-
onance (MR) system for maintaining geometric align-
ment of diagnostic scans during an examination of a pa-
tient is provided in independent claim 1.

[0011] In accordance with another aspect, a magnetic
resonance (MR) method for maintaining geometric align-
ment of diagnostic scans during an examination of a pa-
tient is provided in independent claim 11.

[0012] One advantage resides in geometric alignment
of scans before and after patient repositioning.

[0013] Another advantage resides in geometrically
aligned scans acquired before and after patient reposi-
tioning that do no exhibit partial volume effects.

[0014] Another advantage resides in geometrically
aligned scans before and after patient repositioning with-
out loss of image quality.

[0015] Another advantage resides in geometrically
aligned scans notwithstanding strong patient motion.
[0016] Still further advantages of the present invention
will be appreciated to those of ordinary skill in the art
upon reading and understand the following detailed de-
scription.

[0017] The invention may take form in various compo-
nents and arrangements of components, and in various
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steps and arrangements of steps. The drawings are only
for purposes of illustrating the preferred embodiments
and are not to be construed as limiting the invention.

FIGURE 1 illustrates a magnetic resonance (MR)
system for geometric alignment between scans.
FIGURE 2 illustrates a method for geometrically
aligning a diagnostic scan performed after patient
motion to a diagnostic scan performed before the
patient motion.

FIGURE 3 illustrates an example of an examination
with patient motion.

[0018] With reference to FIGURE 1, a magnetic reso-
nance (MR) system 10 utilizes MR to perform an exam-
ination of a patient 12. The MR system 10 includes a
scanner 14. The scanner 14 includes a main magnet 16
that creates a strong, static By magnetic field extending
through an examination volume 18. The examination vol-
ume 18 is sized to accommodate the patient 12, which
is positioned in the examination volume 18 during the
examination. A patient support 20 supports the patient
12 in the scanner 14 and facilitates positioning the patient
12 in the examination volume 18.

[0019] The main magnet 16 typically employs super-
conducting coils to create the static By magnetic field.
However, the main magnet 16 can also employ perma-
nent or resistive magnets. Insofar as superconducting
coils are employed, the main magnet 16 includes a cool-
ing system, such as a liquid helium cooled cryostat, for
the superconducting coils. The strength of the static B
magnetic field is commonly one of 0.23 Tesla, 0.5 Tesla,
1.5 Tesla, 3 Tesla, 7 Tesla, and so on in the examination
volume 18, but other strengths are contemplated.
[0020] As illustrated, the main magnet 16 is an open
type and includes two superconducting coils spaced
apart to define the examination volume 18. The super-
conducting coils produce the static B magnetic field sim-
ilar to the way in which a Helmholtz coil would. The ad-
vantage of an open magnetis thatit provides easy access
to the patient 12. However, different types of main mag-
nets can also be employed. For example, a split cylindri-
cal main magnet and/or a cylindrical main magnet can
be employed. A split cylindrical main magnet is similar
to a cylindrical main magnet, which includes a cryostat,
except that the cryostat is split into two sections to allow
access to the iso-plane of the magnet.

[0021] A gradient controller 22 of the scanner 14 is
controlled to superimpose magnetic field gradients, such
as x, y and z gradients, on the static By magnetic field in
the examination volume 18 using a plurality of magnetic
field gradient coils 24 of the scanner. The magnetic field
gradients spatially encode magnetic spins within the ex-
amination volume 18. Typically, the plurality of magnetic
field gradient coils 24 include three separate magnetic
field gradient coils spatially encoding in three orthogonal
spatial directions.

[0022] Further, one or more transmitters 26, such as
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atransceiver, of the scanner 14 are controlled to transmit
B, resonance excitation and manipulation radio frequen-
cy (RF) pulses into the examination volume 18 with one
or more transmit coils 28, such as a whole body coil
and/or a surface coil, of the scanner 14. The B pulses
are typically of short duration and, when taken together
with the magnetic field gradients, achieve a selected ma-
nipulation of magnetic resonance. For example, the B4
pulses excite the hydrogen dipoles to resonance and the
magnetic field gradients encode spatial information in the
frequency and phase of the resonance signal. By adjust-
ing the RF frequencies, resonance can be excited in other
dipoles, such as phosphorous, which tend to concentrate
in known tissues, such as bones.

[0023] One or more receivers 30, such as a transceiv-
er, of the scanner 14 are controlled to receive spatially
encoded magnetic resonance signals from the examina-
tion volume 18 and demodulate the received spatially
encoded magnetic resonance signals to MR data sets.
The MR data sets include, for example, k-space data
trajectories. To receive the spatially encoded magnetic
resonance signals, the receivers 30 use one or more re-
ceive coils 32, such as a whole body coil and/or a surface
coil, of the scanner 14. The receivers 30 typically store
the MR data sets in a buffer memory.

[0024] As illustrated, the transmit coils 28 and the re-
ceive coils 32 include a surface coil 34 positioned on the
surface of the subject 12. The surface coil 34 is employed
as both a transmit coil and a receive coil. However, it is
to be appreciated that the surface coil 34 can be em-
ployed as only one of a transmit coil and a receive coil.
[0025] A backend system 38 coordinates the exami-
nation of the patient 12. The examination includes per-
forming a plurality of diagnostic scans of the patient 12,
typically with different contrasts and/or different orienta-
tions. The backend system 38 includes at least one proc-
essor 40 and at least one program memory 42. The pro-
gram memory 42 includes processor executable instruc-
tions that, when executed by the processor 40, coordi-
nate the examination of the patient 12. The processor 40
executes the processor executable instructions to coor-
dinate the examination of the patient 12.

[0026] A control module 44 of the processor executa-
ble instructions controls overall operation of the backend
system 38. The control module 44 suitably displays a
graphical user interface (GUI) to an operator of the back-
end system 38 using a display device 46 of the backend
system 38. Further, the control module 44 suitably allows
the operator to interact with the GUI using a user input
device 48 of the backend system 38. For example, the
operator can interact with the GUI to instruct the backend
system 38 to coordinate the examination of the patient 12.
[0027] A data acquisition module 50 of the processor
executable instructions performs the diagnostic scans of
the patient 12. For each diagnostic scan, the data acqui-
sition module 50 receives a scan plan. The scan plan
includes one or more scan parameters, such as number
of slices, and one or more imaging sequences. An imag-
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ing sequence defines a sequence of B4 pulses and/or
magnetic field gradients that produce spatially encoded
MR signals from the examination volume 18. The scan
plan defines the geometry of the diagnostic scan, such
as slice positioning. The data acquisition module 50 then
controls the transmitters 26 and/or the gradient controller
22 according to the scan parameters to implement the
imaging sequence within the examination volume 18.
Further, the data acquisition module 50 controls the re-
ceivers 30 according to the scan parameters to capture
the spatially encoded MR signals to an MR data set. The
MR data set is typically stored in at least one storage
memory 52 of the backend system 38.

[0028] A reconstruction module 54 of the processor
executable instructions reconstructs the MR data sets of
the diagnostic scans into MR images or maps of the sub-
ject 12. This includes, for each MR signal captured by
the MR data sets, spatially decoding the spatial encoding
by the magnetic field gradients to ascertain a property of
the MR signal from each spatial region, such as a pixel
or voxel. The intensity or magnitude of the MR signal is
commonly ascertained, but other properties related to
phase, relaxation time, magnetization transfer, and the
like can also be ascertained. The MR images or maps
are typically stored in the storage memory 52.

[0029] A planning module 56 of the processor execut-
able instructions plans the diagnostic scans. This in-
cludes performing an initial survey scan, such as a fast,
three-dimensional (3D) survey scan, of the patient 12
using the data acquisition module 50. Based on the initial
survey scan, the planning module 56 determines the
scan plan, including the scan parameters and the imag-
ing sequences, for each of the diagnostic scans. Deter-
mining the scan plan for the diagnostic scan includes
determining the geometry of the diagnostic scan. The
geometry of the diagnostic scan can be determined au-
tomatically and/or manually with reference to the coordi-
nate frame of the initial survey scan.

[0030] To manually determine the geometry of the di-
agnostic scan, the initial survey scan is displayed on the
GUI with a scan geometry overlaid thereon. The scan
geometry can be a default scan geometry or determined
automatically, as described below. Further, the scan ge-
ometry can, for example, be represented by the positions
of slices. An operator of the system then manipulates the
scan geometry using the user input device 48 as desired.
Manipulation includes, for example, positioning and/or
sizing.

[0031] To automatically determine the geometry of the
diagnostic scan, the planning module 56 uses an exam-
ination template specifying the geometries of the diag-
nostic scans in relation to patient landmarks. The plan-
ning module 56 analyzes the initial survey scan, within
image-space or k-space, to locate the patient landmarks
and then, based on the examination template, deter-
mines the geometries of the diagnostic scans relative to
the landmarks. The examination template is, forexample,
stored in the storage memory 52 and generated prior to
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beginning the examination.

[0032] A geometric alignment module 58 of the proc-
essor executable instructions, in response to patient mo-
tion between the diagnostic scans, updates the scan
plans of the one or more remaining diagnostic scans to
ensure alignment of the geometries of the remaining di-
agnostic scans with the geometries of the completed di-
agnostic scans. This is important because, if the position
of the patient 12 changes between two consecutive di-
agnostic scans, the same voxel in the two diagnostic
scans will point to different locations within the patient
12. Suitably, the scan plans of the remaining diagnostic
scans are updated right before performing the corre-
sponding diagnostic scans in case there is additional pa-
tient motion.

[0033] With reference to FIGURE 2, the processor 40
is controlled to perform a method 100 for updating the
scan plan of a diagnostic scan after patient motion is
detected. The geometric alignment module 58 suitably
performs the method 100 for each of the remaining di-
agnostic scans to update the scan plans of the remaining
diagnostic scans. The method 100 includes performing
102 an updated survey scan, such as a fast, three-di-
mensional (3D) survey scan, of the patient 12 using the
data acquisition module 50. The updated survey scan is
generally short, such as less than a minute. Further, the
contrast type of the updated survey scan can, but need
not, be selected to match the contrast type of the initial
survey scan.

[0034] Atemplate scanis further selected 104 from the
most recently completed diagnostic scan. Further, the
contrast type of the template scan can, but need not,
match the contrast type of the updated survey scan. For
example, the survey scans and the template scan can
have different contrast types. Further, the selection is
performed automatically.

[0035] As an example outside the scope of the inven-
tion, the initial survey scan could have been employed.
This could be advantageous for registration, discussed
hereafter, because the updated survey scan can be cho-
sen to have a similar MR contrast as the initial survey
scan. However, this may not lead to optimal alignment
in cases where there was some patient motion between
the initial survey scan and the most recently completed
diagnostic scan.

[0036] A registration module 60 of the processor exe-
cutable instructions is employed to determine 106 a
transformation map between the template scan and the
updated survey scan within image-space or k-space. Any
registration algorithm can be employed. However, arigid
registration algorithm is preferably employed, since no
severe anatomical changes occur before and after repo-
sitioning and only rigid transformations, such as rotations
and translations, can be taken into account for scan plan-
ning. Further, rigid registration algorithms are generally
faster and more robust than affine or elastic registration
algorithms.

[0037] Since the quality of the registration depends on
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the similarity of the template scan and the updated survey
scan, and of the quality metrics used in the registration
algorithm, the registration algorithm can be adapted to
the MR contrast types of the template scan and of the
updated survey scan. For example, if the template scan
and the updated survey scan have similar MR contrasts,
a cross-correlation based registration algorithm can be
applied. However, if the template scan and the updated
survey scan have different contrast types, a mutual-in-
formation based registration algorithm can be applied.
[0038] The transformation map is applied 108 to the
geometry of the diagnostic scan, and the planning mod-
ule 56 is employed to update 110 the initially defined scan
plan for the diagnostic scan using the updated survey
scan and the updated geometry. The updating of the ge-
ometry can be automatic or subject to operator supervi-
sion. For example, the planning module 56 displays the
updated survey scan on the GUI with the updated scan
geometry overlaid thereon. An operator of the system 10
can then manipulate the scan geometry using the user
input device 48 as desired. Once the desired scan ge-
ometry is achieved, the planning module 56 updates the
scan plan of the diagnostic scan according to the manip-
ulated scan geometry.

[0039] Itis to be appreciated that when the remaining
diagnostic scans include a plurality of diagnostic scans,
the method 100 is performed multiple times, once for
each of the remaining diagnostic scans. While each step
of the method 100 can be performed for each of the re-
maining diagnostic scans, in some embodiments, steps
are only performed as needed. For example, the selec-
tion of the template scan can only be performed once for
all of the remaining diagnostic scans. As another exam-
ple, the updated survey scan can only be performed if
there was additional patient motion from the time of gen-
erating the last survey scan to the present time. As an-
other example, the transformation map is only deter-
mined if a transformation map has not been previously
generated with the combination of the selected template
scan and the updated survey scan.

[0040] Referring back to FIGURE 1, the geometric
alignment module 58 can further verify geometric con-
sistency between a reference scan acquired before re-
positioning and an updated survey scan. The reference
scan typically includes one or more low-resolution MR
anatomical images with a given MR contrast type, which
can be processed to compute amap of a desired quantity,
such as receive sensitivity, transmit sensitivity, B0, and
so on. The reference scan can, for example, be a receive
coil sensitivity scan, as performed during an examina-
tions based on a multi-channel receive coil, or a transmit
coil sensitivity scan, as performed during an examination
using a multi-channel transmit coil. The reference scan
can also, for example, be a BO or B1 mapping scan.
[0041] To verify geometric consistency, Actions 102 to
106 of FIGURE 2 are performed, as described above.
The template scan can, for example, be the reference
scan. The transformation map is then analyzed to deter-
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mine the extent of the transformation. Insofar as the ex-
tent of the transformation is less than a threshold, the
reference scan is registered to the updated survey scan,
as described. Otherwise, an operator of the system 10
can be asked to repeat the reference scan using, for ex-
ample, the GUI or the reference scan can be automati-
cally repeated. To repeat the reference scan, the scan
plan of the reference scan is updated to using the updated
survey scan and the reference scan is repeated with the
updated scan plan.

[0042] Alternatively, an updated survey scan is per-
formed, as described above. The reference scan is then
registered to the updated survey scan, as described be-
low. The registered reference scan is compared with the
updated survey scan. Insofar as the reference scan is
not geometrically consistent, an operator of the system
10 can be asked to repeat the reference scan using, for
example, the GUI or the reference scan can be automat-
ically repeated.

[0043] The geometric alignment 58 module can further
register the reference scan to the updated survey scan
so that scans acquired after repositioning can use the
reference scan. Registering the reference scan to the
updated survey scan includes determining a transforma-
tion map between the reference scan and the updated
survey scan, as described above in FIGURE 2. In deter-
mining the transformation map, raw image data (i.e., di-
rectly obtained from the k-space data by means of Fourier
transform) acquired during the reference scan, or a map
computed from the raw image data, is employed. It is,
however, preferred to use the raw image data, since the
computed map often does not contain anatomical infor-
mation anymore, and is thus not well suited for registra-
tion with the updated survey scan.

[0044] A motion module 62 of the processor executa-
ble instructions detects patient motion. Motion can be
detected manually and/or automatically. As to manual
detection, an operator of the system 10 specifies when
there is patient motion, for example, using the user input
device 48. As to automatic detection, any number of well-
known approaches for detecting motion can be em-
ployed. For example, before each full MR scan, an image
or map of the patient is generated using a camera 64, a
fast MR scan, or the like. A current image or map is then
compared with a reference image or map generated at
the beginning of the examination to detect motion. As
another example, before each full MR scan, the locations
of electromagnetic transponders 66 positioned on the pa-
tient are determined. Current locations are then com-
pared with reference locations determined at the begin-
ning of the examination to detect motion. Navigator se-
quences can also be used to detect patient motion.
[0045] With reference to FIGURE 3, an example 150
of an examination with patient repositioning is provided.
The examination begins with an initial survey scan 152
of the patient 12. Thereafter, a first diagnostic scan 154
is planned using the initial survey scan 152 and then per-
formed. The first diagnostic scan 154 is, for example, a
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T1 weighted spin echo scan. Sometime between com-
pleting the first diagnostic scan 154 and beginning a sec-
ond diagnostic scan 156, the patient is repositioned.
[0046] To ensure geometric alignment between the
first diagnostic scan 154 and the second diagnostic scan
156, the method 100 of FIGURE 2 is performed. As dis-
cussed above, this includes performing an updated sur-
vey scan 158, such as a 3D scan. As can be seen by
comparing the initial survey scan 152 and the updated
survey scan 158, the position of the patient 12 has slightly
changed (i.e., a translation in the head direction). The
first diagnostic scan 154 is then selected as a template
scan, and a transformation map between the updated
survey scan 158 and the template scan 154 is determined
160 using a registration algorithm, such as a 3D rigid
registration algorithm. The transformation map is applied
to the scan geometry of the second diagnostic scan 156,
and the updated scan geometry 162 is overlaid on a vis-
ualization of the updated survey scan 158. The updated
scan geometry 162 is represented by the updated posi-
tions of the slices of the second diagnostic scan 156. An
operator of the system 10 approves the updated scan
geometry 162, and the scan plan of the second diagnostic
image 156 is updated with the updated scan geometry
162. The second diagnostic scan 156 is then performed
using the updated scan plan. The second diagnostic scan
156 is, for example, a T2 weighted turbo spin echo scan.
[0047] The above described approach to maintaining
geometric alignment finds application in any MR clinical
applications, including MR-guided interventions and MR-
guided radiation therapy. For example, as shown in FIG-
URE 1, MR is employed to guide a shaft or needle 68 to
a target 70 within the patient 12. Namely, MR images of
the shaft or needle 68 can be displayed on, for example,
the display device 46, to the interventionist while they
insert the shaft or needle 68. Additionally, or alternatively,
audio and/or visual indications as to how to move the
shaft or needle into the planned trajectory can be provid-
ed to the interventionist. Other examples of MR-guided
interventions where the above described approach can
be appliedinclude, but are not limited to, MR-guided high-
intensity focused ultrasound, MR-guided laser ablation,
MR-guided radiofrequency ablation, MR-guided external
beam radiotherapy, MR-guided brachytherapy, and so
on. In the cases of MR guidance, the operator may have
repositioned the patient intentionally during the interven-
tion. Also, in those cases, the template scan used for the
registration may have been acquired prior to the inter-
vention during an examination used for planning the in-
tervention. Further, images acquired from diagnostic
scans advantageously maintain geometric alignment
without exhibiting partial volume effects when there is
patient motion between the diagnostic scans. During in-
terventions, there is generally no time to perform post-
processing steps, so it is beneficial to acquire the images
directly in the desired geometry.

[0048] Asused herein,amemory includes one or more
of a non-transient computer readable medium; a mag-
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netic disk or other magnetic storage medium; an optical
disk or other optical storage medium; a random access
memory (RAM), read-only memory (ROM), or other elec-
tronic memory device or chip or set of operatively inter-
connected chips; an Internet/Intranet server from which
the stored instructions may be retrieved via the Inter-
net/Intranet or a local area network; or so forth. Further,
as used herein, a processor includes one or more of a
microprocessor, a microcontroller, a graphic processing
unit (GPU), an application-specific integrated circuit
(ASIC), an FPGA, and the like; a controller includes: (1)
a processor and a memory, the processor executing
computer executable instructions on the memory embod-
ying the functionality of the controller; or (2) analog and/or
digital hardware; a userinput device includes one or more
of a mouse, a keyboard, a touch screen display, one or
more buttons, one or more switches, one or more toggles,
voice recognition engines, and the like; a database in-
cludes one or more memories; and a display device in-
cludes one or more of a LCD display, an LED display, a
plasma display, a projection display, a touch screen dis-
play, and the like.

[0049] The invention has been described with refer-
ence to the preferred embodiments. Modifications and
alterations may occur to others upon reading and under-
standing the preceding detailed description. Itis intended
thatthe invention be construed as including all such mod-
ifications and alterations insofar as they come within the
scope of the appended claims.

Claims

1. A magnetic resonance (MR) system (10) for main-
taining geometric alignment of diagnostic scans dur-
ing an examination of a patient (12), said system(10)
comprising:

at least one processor (40) programmed to:

in response to repositioning of the patient
(12) during the examination:

perform an updated survey scan of the
patient (12);

select the diagnostic scan mostrecent-
ly completed during the examination as
a template scan;

determine a transformation map be-
tween the template scan and the updat-
ed survey scan using a registration al-
gorithm;

wherein the registration algorithm is
chosen according to the MR contrast
types of the template scan and the sur-
vey scan, whereby if the template scan
and the updated survey scan have sim-
ilar MR contrast types, a cross-correla-
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tion based registration algorithm is ap-
plied, and if the template scan and the
updated survey scan have different
contrast types, a mutual-information
based registration algorithm is applied;
apply the transformation map to an in-
itially defined scan geometry of a re-
maining diagnostic scan of the exami-
nation;

generate a scan plan for the remaining
diagnostic scan

using the updated scan geometry; and,

perform the remaining diagnostic scan accord-
ing to the scan plan.

The system (10) according to claim 1, further includ-
ing:

an MR scanner (14) controlled to perform scans
ofthe examination, including the updated survey
scan, the template scan, and the remaining di-
agnostic scan.

The system (10) according to either one of claims 1
and 2, wherein the updated survey scan is a fast,
three-dimensional survey scan.

The system (10) according to any one of claims 1-3,
wherein the transformation map is determined using
a rigid registration algorithm.

The system (10) according to any one of claims 1-4,
wherein the diagnostic scans are acquired during an
MR-guided intervention.

The system (10) according to any one of claims 1-5,
wherein the at least one processor (40) is further
programmed to:

perform an initial survey scan, wherein the tem-
plate scan is one of: (1) the initial survey scan;
and (2) a diagnostic scan planned using the in-
itial survey scan.

The system (10) according to any one of claims 1
-6, wherein an MR contrast type of the updated sur-
vey scan is different than an MR contrast type of the
template scan.

The system (10) according to any one of claims 1-7,
wherein generating the scan plan includes:

displaying the updated survey scan with the up-
dated scan geometry overlaid on the updated
survey scan; and,

receiving acceptance of the updated scan ge-
ometry or modifications to the updated scan ge-
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ometry.

The system (10) according to claim 8, wherein the
updated scan geometry is overlaid on the updated
survey scan by displaying positions of corresponding
slices.

The system (10) according to any one of claims 1-9,
wherein the at least one processor (40) is further
programmed to:

automatically detect repositioning or strong mo-
tion of the patient.

A magnetic resonance (MR) method (100) for main-
taining geometric alignment of diagnostic scans dur-
ing an examination of a patient (12), said method
(100) comprising:

in response to repositioning of the patient (12)
during the examination:

performing (102) by at least one processor
(40) an updated survey scan of the patient
(12);

selecting (104) by the atleastone processor
(40) the diagnostic scan most recently com-
pleted during the examination as a template
scan;

determining (106) by the at least one proc-
essor (40) a transformation map between
the template scan and the updated survey
scan using a registration algorithm;
wherein the registration algorithm is chosen
according to the MR contrast types of the
template scan and the survey scan, where-
by if the template scan and the updated sur-
vey scan have similar MR contrast types, a
cross-correlation based registration algo-
rithm is applied, and if the template scan
and the updated survey scan have different
contrast types, a mutual-information based
registration algorithm is applied;

applying (108) by the at least one processor
(40) the transformation map to a scan ge-
ometry of a remaining diagnostic scan of
the examination;

generating (110) by the at least one proc-
essor (40) a scan plan for the remaining di-
agnostic scan using the updated scan ge-
ometry; and,

performing the remaining diagnostic scan
according to the scan plan, characterized
in that the templet scan is automatically se-
lected, wherein the scan selected as a tem-
plate scan by the at least one processor (40)
is the diagnostic scan most recently com-
pleted during the examination.
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The method (100) according to claim 11, further in-
cluding:

performing scans of the examination, including
the updated survey scan, the template scan, and
the remaining diagnostic scan, using an MR
scanner (14).

The method (100) according to either one of claims
1 1 and 12, wherein the updated survey scan is a
fast, three-dimensional survey scan.

The method (100) according to any one of claims 1
1-13, wherein the transformation map is determined
using a rigid registration algorithm.

The method (100) according to any one of claims 1
1-14, wherein the diagnostic scans are acquired dur-
ing an MR-guided intervention.

The method (100) according to any one of claims 11
-15, furthering including:

performing an initial survey scan, wherein the
template scan is one of: (1) the initial survey
scan; and (2) a diagnostic scan planned using
the initial survey scan;

wherein an MR contrast type of the updated survey
scan is different than an MR contrast type of the tem-
plate scan.

The method (100) according to any one of claims 1
1-16, wherein generating (110) the scan plan in-
cludes:

displaying the updated survey scan with the up-
dated scan geometry overlaid on the updated
survey scan; and,

receiving acceptance of the updated scan ge-
ometry or modifications to the updated scan ge-
ometry.

The method (100) according to any one of claims
11-17, wherein further including:

automatically detecting repositioning or strong
motion of the patient (12).

Patentanspriiche

1.

Magnetresonanz- (MR) System (10) zur Bewahrung
der geometrischen Ausrichtung von Diagnosescans
wahrend einer Untersuchung eines Patienten (12),
wobei das genannte System (10) Folgendes um-
fasst:
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mindestens einen Prozessor (40), der program-
miert ist zum:

in Reaktion auf die Neupositionierung des
Patienten (12) wahrend der Untersuchung:

Durchfiihren eines aktualisierten Uber-
sichtsscans des Patienten (12);
Auswahlen des zuletzt wahrend der
Untersuchung durchgefiihrten Diagno-
sescans als einen Vorlagescan;
Festlegen einer Transformationskarte
zwischen dem Vorlagescan und dem
aktualisierten Ubersichtsscan mithilfe
eines Registrierungsalgorithmus;
wobei der Registrierungsalgorithmus
entsprechend den MR-Kontrasttypen
des Vorlagescans und des Uber-
sichtsscans gewahlt wird, so dass,
wenn der Vorlagescan und der aktua-
lisierte Ubersichtsscan ahnliche MR-
Kontrasttypen aufweisen, eine Kreuz-
korrelation basierend auf dem Regist-
rierungsalgorithmus angewendet wird,
und wenn der Vorlagescan und der ak-
tualisierte  Ubersichtsscan  unter-
schiedliche Kontrasttypen aufweisen,
eine gegenseitige Information basie-
rend auf dem Registrierungsalgorith-
mus angewendet wird;

Anwenden der Transformationskarte
auf eine anfangs definierte Scan-Geo-
metrie eines verbleibenden Diagno-
sescans der Untersuchung;

Erzeugen eines Scan-Plans fiir den
verbleibenden Diagnosescan mithilfe
der aktualisierten Scan-Geometrie;
und

Durchfliihren des verbleibenden Diagnosescans
entsprechend dem Scan-Plan.

2. System (10) nach Anspruch 1, das weiterhin Folgen-

des umfasst:

einen MR-Scanner (14), der gesteuert wird, um
Scans der Untersuchung durchzufiihren, ein-
schlieRlich des aktualisierten Ubersichtsscans,
des Vorlagescans und des verbleibenden Dia-
gnosescans.

System (10) nach einem der Anspriche 1 und 2,
wobei der aktualisierte Ubersichtsscan ein schneller,
dreidimensionaler Ubersichtsscan ist.

System (10) nach einem der Anspriiche 1 bis 3, wo-
bei die Transformationskarte mithilfe eines starren
Registrierungsalgorithmus festgelegt wird.
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System (10) nach einem der Anspriiche 1 bis 4, wo-
beidie Diagnosescans wahrend eines MR-geflihrten
Eingriffs erfasst werden.

System (10) nach einem der Anspriiche 1 bis 5, wo-
bei der mindestens eine Prozessor (40) weiterhin
programmiert ist zum:

Durchfilhren  eines  anfanglichen  Uber-
sichtsscans, wobei der Vorlagescan eines ist
von: (1) dem anfanglichen Ubersichtsscan und
(2) einem Diagnosescan, der mithilfe des an-
fanglichen Ubersichtsscans geplant wurde.

System (10) nach einem der Anspriiche 1 bis 6, wo-
bei ein MR-Kontrasttyp des aktualisierten Uber-
sichtsscans sich von einem MR-Kontrasttyp des
Vorlagescans unterscheidet.

System (10) nach einem der Anspriiche 1 bis 7, wo-
bei das Erzeugen des Scan-Plans Folgendes um-
fasst:

Anzeigen des aktualisierten Ubersichtsscans
mit Uberlagerter aktualisierter Scan-Geometrie
Uber dem aktualisierten Ubersichtsscan; und
Empfangen der Akzeptanz der aktualisierten
Scan-Geometrie oder von Modifikationen an der
aktualisierten Scan-Geometrie.

System (10) nach Anspruch 8, wobei die aktualisier-
te Scan-Geometrie dem aktualisierten Uber-
sichtsscan Uberlagert wird, indem Positionen von
Ubereinstimmenden Schichten angezeigt werden.

System (10) nach einem der Anspriiche 1 bis 9, wo-
bei der mindestens eine Prozessor (40) weiterhin
programmiert ist zum:

automatischen Erkennen der Neupositionie-
rung oder einer starken Bewegung des Patien-
ten.

Magnetresonanz- (MR) Verfahren (100) zur Bewah-
rung der geometrischen Ausrichtung von Diagno-
sescans wahrend einer Untersuchung eines Patien-
ten (12), wobei das genannte Verfahren (100) Fol-
gendes umfasst:

in Reaktion auf die Neupositionierung des Pati-
enten (12) wahrend der Untersuchung:

Durchfiihren (102) eines aktualisierten
Ubersichtsscans des Patienten (12) durch
mindestens einen Prozessor (40);

Auswahlen (104), durch den mindestens ei-
nen Prozessor (40), des zuletzt wahrend
der Untersuchung durchgefiihrten Diagno-
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16.

sescans als einen Vorlagescan;

Festlegen (106), durch den mindestens ei-
nen Prozessor (40), einer Transformations-
karte zwischen dem Vorlagescan und dem
aktualisierten Ubersichtsscan mithilfe eines
Registrierungsalgorithmus;

wobei der Registrierungsalgorithmus ent-
sprechend den MR-Kontrasttypen des Vor-
lagescans und des Ubersichtsscans ge-
wahlt wird, so dass, wenn der Vorlagescan
und der aktualisierte Ubersichtsscan &hnli-
che MR-Kontrasttypen aufweisen, eine
Kreuzkorrelation basierend auf dem Regis-
trierungsalgorithmus angewendet wird, und
wenn der Vorlagescan und der aktualisierte
Ubersichtsscan unterschiedliche Kontrast-
typen aufweisen, eine gegenseitige Infor-
mation basierend auf dem Registrierungs-
algorithmus angewendet wird;

Anwenden (108), durch den mindestens ei-
nen Prozessor (40), der Transformations-
karte auf eine Scan-Geometrie eines ver-
bleibenden Diagnosescans der Untersu-
chung;

Erzeugen (110), durch den mindestens ei-
nen Prozessor (40), eines Scan-Plans fir
den verbleibenden Diagnosescan mithilfe
der aktualisierten Scan-Geometrie; und
Durchfilhren des verbleibenden Diagno-
sescans entsprechend dem Scan-Plan, da-
durch gekennzeichnet, dass der Vorlage-
scan automatisch gewahlt wird, wobei der
durch den mindestens einen Prozessor (40)
als Vorlagescan gewahlte Scan der zuletzt
wahrend der Untersuchung durchgefihrte
Diagnosescan ist.

Verfahren (100) nach Anspruch 11, das weiterhin
Folgendes umfasst:

Durchflihren von Scans der Untersuchung, ein-
schlieRlich des aktualisierten Ubersichtsscans,
des Vorlagescans und des verbleibenden Dia-
gnosescans, mithilfe eines MR-Scanners (14).

Verfahren (100) nach einem der Anspriiche 11 und
12, wobei der aktualisierte Ubersichtsscan ein
schneller, dreidimensionaler Ubersichtsscan ist.

Verfahren (100) nach einem der Anspriiche 11 bis
13, wobei die Transformationskarte mithilfe eines
starren Registrierungsalgorithmus festgelegt wird.

Verfahren (100) nach einem der Anspriiche 11 bis
14, wobei die Diagnosescans wahrend eines MR-

gefiihrten Eingriffs erfasst werden.

Verfahren (100) nach einem der Anspriiche 11 bis
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15, das weiterhin Folgendes umfasst:

Durchfilhren  eines  anfanglichen  Uber-
sichtsscans, wobei der Vorlagescan eines ist
von: (1) dem anfanglichen Ubersichtsscan und
(2) einem Diagnosescan, der mithilfe des an-
fanglichen Ubersichtsscans geplant wurde;

wobei ein MR-Kontrasttyp des aktualisierten Uber-
sichtsscans sich von einem MR-Kontrasttyp des
Vorlagescan unterscheidet.

Verfahren (100) nach einem der Anspriiche 11 bis
16, wobei das Erzeugen (110) des Scan-Plans Fol-
gendes umfasst:

Anzeigen des aktualisierten Ubersichtsscans
mit Uberlagerter aktualisierter Scan-Geometrie
Uber dem aktualisierten Ubersichtsscan; und
Empfangen der Akzeptanz der aktualisierten
Scan-Geometrie oder von Modifikationen an der
aktualisierten Scan-Geometrie.

Verfahren (100) nach einem der Anspriiche 11 bis
17, das weiterhin Folgendes umfasst:

automatisches Erkennen der Neupositionierung
oder einer starken Bewegung des Patienten
(12).

Revendications

Systeme a résonance magnétique (MR) (10) pour
maintenir un alignement géométrique de balayages
de diagnostic durant un examen d’un patient (12),
ledit systéme (10) comprenant :

au moins un processeur (40) programmé pour :

en réponse au repositionnement du patient
(12) durant 'examen :

la réalisation d’un balayage d’inspec-
tion actualisé du patient (12) ;

la sélection du balayage de diagnostic
achevé le plusrécemment durant I'exa-
men en tant que balayage modéle ;

la détermination d’'une carte de trans-
formation entre le balayage modéle et
le balayage d’inspection actualisé en
utilisant un algorithme
d’enregistrement ;

dans lequel l'algorithme d’enregistre-
ment est choisi selon les types de con-
traste de MR du balayage modéle et du
balayage d’inspection, moyennant
quoi, si le balayage modéle et le ba-
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10

layage d'inspection actualisé possé-
dent des types de contraste de MR si-
milaires, un algorithme d’enregistre-
ment a base de corrélation croisée est
appliqué, et, si le balayage modéle et
le balayage d’inspection actualisé pos-
sedent des types de contraste diffé-
rents, un algorithme d’enregistrement
a base dinformations mutuelles est
appliqué ;

I'application de la carte de transforma-
tion sur une géométrie de balayage dé-
finie initialement d’un autre balayage
de diagnostic de 'examen ;

la génération d’'un plan de balayage
pour 'autre balayage de diagnostic en
utilisant la géométrie de balayage
actualisée ; et,

la réalisation de l'autre balayage de dia-
gnostic selon le plan de balayage.

Systéme (10) selon la revendication 1, incluant en
outre :

un dispositif de balayage a MR (14) commandé
pour réaliser des balayages de I'examen, in-
cluant le balayage d’inspection actualisé, le ba-
layage modele, et I'autre balayage de diagnos-
tic.

Systéme (10) selon 'une ou l'autre des revendica-
tions 1 et 2, dans lequel le balayage d’inspection
actualisé est un balayage d’inspection tridimension-
nel rapide.

Systéme (10) selon I'une quelconque des revendi-
cations 1 a 3, dans lequel la carte de transformation
est déterminée en utilisant un algorithme d’enregis-
trement rigide.

Systéme (10) selon I'une quelconque des revendi-
cations 1 a 4, dans lequel les balayages de diagnos-
tic sont acquis durant une intervention guidée par
MR.

Systéme (10) selon I'une quelconque des revendi-
cations 1 a 5, dans lequel I'au moins un processeur
(40) est en outre programmé pour :

réaliser un balayage d’inspection initial, dans le-
quel le balayage modele est I'un parmi: (1) le
balayage d’inspection initial ; et (2) un balayage
de diagnostic planifié en utilisant le balayage
d’inspection initial.

Systéme (10) selon 'une quelconque des revendi-
cations 1 a 6, dans lequel un type de contraste de
MR du balayage d’inspection actualisé est différent
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d’'un type de contraste de MR du balayage modéle.

Systeme (10) selon 'une quelconque des revendi-
cations 1 a 7, dans lequel la génération du plan de
balayage inclut :

I'affichage du balayage d’inspection actualisé
avec la géométrie de balayage actualisée su-
perposée sur le balayage d’inspection
actualisé ; et,

la réception de I'acceptation de la géométrie de
balayage actualisée ou de modifications de la
géométrie de balayage actualisée.

Systeme (10) selon la revendication 8, dans lequel
la géométrie de balayage actualisée est superposée
sur le balayage d’inspection actualisé en affichant
des positions de tranches correspondantes.

Systeme (10) selon 'une quelconque des revendi-
cations 1 a 9, dans lequel I'au moins un processeur
(40) est en outre programmé pour :

la détection automatique de repositionnement
ou de fort mouvement du patient.

Procédé a résonance magnétique (MR) (100) pour
maintenir un alignement géométrique de balayages
de diagnostic durant un examen d’un patient (12),
ledit procédé (100) comprenant :

en réponse a un repositionnement du patient
(12) durant 'examen :

la réalisation (102), par au moins un pro-
cesseur (40), d’'un balayage d’inspection
actualisé du patient (12) ;

la sélection (104), par I'au moins un proces-
seur (40), du balayage de diagnostic ache-
vé le plus récemment durant I'examen en
tant que balayage modéle ;

la détermination (106), par 'au moins un
processeur (40), d’'une carte de transforma-
tion entre le balayage modéle etle balayage
d’inspection actualisé en utilisant un algo-
rithme d’enregistrement ;

dans lequel l'algorithme d’enregistrement
est choisi selon les types de contraste de
MR du balayage modéle et du balayage
d’inspection, moyennant quoi, si le balaya-
ge modéle et le balayage d’inspection ac-
tualisé possedent des types de contraste
de MR similaires, un algorithme d’enregis-
trement a base de corrélation croisée est
appliqué, et, sile balayage modéle et le ba-
layage d’inspection actualisé possédent
des types de contraste différents, un algo-
rithme d’enregistrement a base d’informa-
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tions mutuelles est appliqué ;

I'application (108), par I'au moins un pro-
cesseur (40), de la carte de transformation
sur une géometrie de balayage d’un autre
balayage de diagnostic de 'examen ;

la génération (110), par 'au moins un pro-
cesseur (40), d'un plan de balayage pour
l'autre balayage de diagnostic en utilisant
la géométrie de balayage actualisée ; et,
la réalisation de l'autre balayage de dia-
gnostic selon le plan de balayage, caracté-
risé en ce que le balayage modéle est auto-
matiquement sélectionné, dans lequel le
balayage sélectionné en tant que balayage
modele par 'au moins un processeur (40)
estle balayage de diagnostic achevé le plus
récemment durant 'examen.

Procédé (100) selon la revendication 11, incluant en
outre :

la réalisation de balayages de I'examen, in-
cluant le balayage d’inspection actualisé, le ba-
layage modele, et I'autre balayage de diagnos-
tic, en utilisant un dispositif de balayage a MR
(14).

Procédé (100) selon 'une ou l'autre des revendica-
tions 11 et 12, dans lequel le balayage d’inspection
actualisé est un balayage d’inspection tridimension-
nel rapide.

Procédé (100) selon 'une quelconque des revendi-
cations 11 a 13, dans lequel la carte de transforma-
tion est déterminée en utilisant un algorithme d’en-
registrement rigide.

Procédé (100) selon 'une quelconque des revendi-
cations 11 a 14, dans lequel les balayages de dia-
gnostic sont acquis durant une intervention guidée
par MR.

Procédé (100) selon 'une quelconque des revendi-
cations 11 a 15, incluant en outre :

la réalisation d’'un balayage d’inspection initial,
dans lequel le balayage modéle est I'un parmi :
(1) le balayage d’inspection initial ; et (2) un ba-
layage de diagnostic planifié en utilisant le ba-
layage d’inspection initial ;

dans lequel un type de contraste de MR du balayage
d’inspection actualisé est différent d’un type de con-
traste de MR du balayage modéle.

Procédé (100) selon 'une quelconque des revendi-
cations 11 a 16, dans lequel la génération (110) du
plan de balayage inclut :
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I'affichage du balayage d’inspection actualisé
avec la géométrie de balayage actualisée su-
perposée sur le balayage d’inspection
actualisé ; et,
la réception d’acceptation de la géométrie de 5
balayage actualisée ou de modifications de la
géométrie de balayage actualisée.

18. Procédé (100) selon I'une quelconque des revendi-
cations 11 a 17, incluant en outre : 10

la détection automatique de repositionnement
ou de fort mouvement du patient (12).
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PERFORM AN UPDATED SURVEY SCAN OF A

102
102 PATIENT
04 SELECT A TEMPLATE SCAN GENERATED BEFORE
+ PATIENT MOTION
DETERMINE A TRANSFORMATION MAP BETWEEN
106 THE TEMPLATE SCAN AND THE UPDATED SURVEY
SCAN
108 APPLY THE TRANSFORMATION MAP TO THE
- GEOMETRY OF A REMAINING DIAGNQSTIC SCAN
e
110 UPDATE THE SCAN PLAN OF THE REMAINING
- DIAGNOSTIC SCAN
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