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(57) Abstract: A method for acquiring image data from a pa-
tient with a magnetic resonance imaging (MRI) system. The
proposed method comprises the steps of: a) predefining a num-
ber of scan geometries for acquiring the image data from at
least one region of interest (ROI) relative to the patient, b)
performing at least one scan for acquiring the image data in
accordance with at least one of the predefined scan geome-
tries, ¢) analysing in the image data a position of the region of
interest to detect a deviation from the at least one predefined
scan geometry, d) changing the at least one predefined scan
geometry if said deviation exceeds a predetermined threshold
value, and e) repeating steps b) to d) until a predetermined
number of scans has been performed. Thus, by means of the
proposed method the utility of such predefined scan geome-
tries is greatly enhanced.
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System and method for acquiring magnetic resonance imaging (MRI) data

TECHNICAL FIELD OF THE INVENTION
The present invention relates generally to Magnetic Resonance Imaging
(MRI). More specifically, the present invention relates to a method and a system for

acquiring MR image data from a patient using predefined scan geometries.

BACKGROUND OF THE INVENTION

Utilising nuclear magnetic resonance (NMR) has become a standard procedure
for noninvasively acquiring image data from inside a patient's body, e.g. the brain, by means
of clinical MRI equipment. In this context, a technique using magnetic field gradients is
employed which permits to obtain NMR signals (constituting NMR data) from specific
locations in the patient. Typically, the region which is to be imaged (region of interest, ROI)
is scanned in planes by a sequence of measurement cycles. The resulting NMR data are
digitized and further processed to reconstruct the image using one of a variety of
reconstruction techniques known to a person skilled in the art.

Prior art methods and systems have introduced the concept of geometry
sharing with so-called "named geometries". In this context, a user of the MRI equipment
defines a number of scan plane positions, hereinafter referred to as scan geometries, having a
unique identifier, e.g. a name, such as "TRA". Upon acknowledgement of the scan geometry
by the user, which is required only once, the system executes all scans with a common
geometry, i.e. a common identifier, which accordingly share the same orientation relative to
the patient, but usually employ different MR contrast settings. More specifically, in
accordance with the known methods as disclosed, e.g., in prior art document NL 031229 C,
so-called scout images are acquired first, based on which the user defines the scan
geometries. Using said orientations, the MRI system then defines the corresponding scan
parameters, e.g. magnetic gradients, and submits a scan to be performed to a dedicated
control unit. After acquisition of a particular image frame, the latter is reconstructed and
usually written to a database. Then the next scan is submitted, until all scans are finished. In

this way, prior art document NL 031229 C discloses the use of "geometry sharing".
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However, this approach suffers from the following disadvantage: During
routine scanning patients do often move involuntarily. However, the known method and
system assumes that patients not move at all, or only in a minimal way, since the scan
geometry and the corresponding scan parameters are only defined once, and never updated
afterwards. This may cause a geometrical mismatch between the acquired RO, i.e. a scan
slice relative to anatomy, and the intended ROI with respect to subsequent scans, i.e. queued
scans ready for dispatching from the scan queue to the scanner, which should ideally share
the same geometry. When reading multi-contrast scans, this implies that a radiologic reader
has to reorder scans to match geometries, which is a costly and time-consuming process.

Prior art documents WO 01/84172 A1 and CA 2 473 963 A1 tackle the
problem of motion correction in connection with MRI techniques such as functional MRI
(fMRI), wherein each individual scan is performed as a time series of individual scans which
are equal in terms of MR parameters and contrasts, i.e. each scan consists of a plurality of
separate image frames, and the patient moves between and/or during capture of such image
frames. This is also referred to as "time-sliced" image acquisition. To this end, a current
patient motion is repeatedly measured during the scan, and at least one scan parameter of an
MRI system is adjusted accordingly prior to performing the next scan of the time series.
More specifically, as stated before a user defines scan geometries from scout images, which
in turn are used to define the scan parameters. Then a (time-sliced) scan is submitted and a
given image frame N belonging to that scan is acquired. After reconstruction of said image
frame N, the latter is registered versus an image frame N-1 of the same scan that has been
acquired earlier in the time series. The registration result is used to derive a transformation
matrix T which is used to update the scan parameters for a subsequent image frame N+1.
Thus, updating is an exclusively local process, which implies that image registration is
performed on frames with similar contrast and involves modification of the RF excitation
frequencies and gradient waveforms only. In the context of shared geometries, in this
approach there is no relation between subsequent scans (i.e., respective time series) with the
same geometry. Again, this may cause a geometrical mismatch between an acquired and an
intended ROI for subsequent scans, which should ideally share the same geometry.

Thus, there is a need in the art for a method and a system which ensure that
subsequent scans with a common predefined geometry do effectively lead to the acquisition
of image data which share a physical geometry relative to a patient.

It is the object of the present invention to provide a method for acquiring

image data from a patient with a magnetic resonance imaging (MRI) system which obviates
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the above-mentioned disadvantages. It is also an object of the present invention to provide
magnetic resonance imaging (MRI) system which obviates the disadvantage that subsequent
scans with a common "named geometry" effectively acquire data from differing regions in
the patient, which usually do not coincide with an intended ROI due to patient motion.
Furthermore, the present invention has for its object to provide a computer programme
product adapted to translate into action the above-mentioned method in accordance with the

present invention.

SUMMARY OF THE INVENTION

According to a first aspect of the invention the object is achieved by providing
a method for acquiring image data from a patient with a magnetic resonance imaging (MRI)
system, comprising the steps of:

a) predefining a number of scan geometries for acquiring the image data from at
least one region of interest relative to the patient,

b) performing at least one scan for acquiring the image data in accordance with at
least one of the predefined scan geometries,

) analysing in the image data a position of the region of interest to detect a
deviation from the at least one predefined scan geometry,

d) changing the at least one predefined scan geometry if said deviation exceeds a
predetermined threshold value, and

e) repeating steps b) to d) until a predetermined number of scans has been
performed.

In this context, the scans to be performed in said step b) can be part of a queue,
and the updated geometry is applied to all scans in the queue, which are waiting for
submission to the scarce scanner resource. Alternatively, the scans can be validated
immediately prior to their execution. Both methods are feasible and comply with the
approach according to the present invention while the former may be preferable in practise,
as described in cited document NL 031229 C, the contents of which are herewith
incorporated by reference in the present specification.

Thus, the general idea of the present invention consists in implementing a
motion correction between geometry sharing scans in an environment using predefined
named scan geometries, which has not been considered before. Highly specific software
design measures are required to implement the concept of "geometries" to exist independent

from "scan parameters". Additional design measures relate to managing the scan queue, and
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introducing a database of shared geometries. Furthermore, additional "handles" are required
to update the shared geometries in the database. Finally, further measures have to be provided
to apply the modified geometries to (all) scans still in the queue. If the concept of a queue of
pre-validated scans is used, scans may have, e.g., transversal and sagital "views",
respectively, i.e. a plurality of geometries, such that a given change in geometry applies to all
of said views.

In accordance with the present invention there is proposed a method for
acquiring image data from a patient with a magnetic resonance imaging (MRI) system which
basically consists in analysing and updating predefined scan geometries which can be
repeatedly used to acquire MR image data from a patient. These geometries are defined by
the user in accordance with a particular region of interest inside the patient's body. Upon
establishment, a number of scans can be performed which all share the same geometry but
usually differ in terms of MR parameters and image contrast. However, such geometries are
usually established only once during a scan session, i.e. for a series of (possibly individually
time-sliced) scans. If the patient moves between scans there would be a mismatch of the
actual image acquisition region and the patient's anatomy. Therefore it is proposed to analyse
the position of the region of interest upon reconstruction of every scan and to update the scan
geometry accordingly prior to the next scan. As stated above, in this context the term "scan"
comprises a single image capture pass as well as a time series of individual image capture
passes (multiple frame acquisitions, as in fMRI).

Here and in the following specification, the term "position" refers to both
orientation and location of the ROI and the patient, respectively.

Correspondingly, the term "patient” is by no means restricted to human beings
and encompasses all sorts of examination subjects susceptible to NRM techniques, e.g.
biological matter in a broad sense.

The term "geometry" is defined as scan orientation (transversal, coronal,
sagital, etc.) and coverage (field-of-view, e.g. 250/300/430 mm, etc.).

Finally, the term "scan" includes both scans consisting of only a single image
frame acquisition pass as well as scanning techniques wherein each individual scan is
performed as a time series of individual acquisition passes which are equal in terms of MR
parameters and contrasts, i.e. each scan consists of a plurality of separate image frames. This
is also referred to as "time-sliced" image acquisition.

In this way, the proposed method achieves inter-scan prospective motion

control which enables widespread use of shared geometries owing to the inventive approach
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of correcting predefined geometries prior to performing subsequent scans with the same

geometry.

According to a second aspect of the invention, the object is also achieved by means of a
magnetic resonance imaging (MRI) system, comprising:

- a magnet/coil device for subjecting a patient to a magnetic field and for receiving NMR data
from the patient, and

- a control system in connection with the magnet/coil device,

said control system further comprising:

- a control unit for controlling the magnet/coil device in accordance with at least one
predefined scan geometry for acquiring NMR data from at least one region of interest relative
to the patient,

- a geometry unit for predefining the at least one scan geometry and for providing at least one
scan geometry to the control unit,

- an image processing unit for converting the NMR data to image data, and

- geometry updating means for updating the at least one predefined scan geometry, to be
activated if a position of the region of interest deviates from the at least one predefined scan
geometry by a predetermined threshold value.

According to a third aspect of the invention, the object is furthermore achieved
by providing a computer programme product for use in a magnetic resonance imaging (MRI)
system for acquiring image data from a patient, operable to:

a) predefine a number of scan geometries for acquiring the image data from at
least one region of interest relative to the patient,

b) perform at least one scan for acquiring the image data in accordance with at
least one of the predefined scan geometries,

) analyse in the image data a position of the region of interest to detect a
deviation from the at least one predefined scan geometry,

d) change the at least one predefined scan geometry if said deviation exceeds a
predetermined threshold value, and

e) repeat steps b) to d) until a predetermined number of scans has been
performed.

The criterion underlying said threshold value may be referred to as
"sufficiently non-zero" transformation matrix T, e.g. involving rotation by an angle a > 2-5°

and/or translation by more than 2-5 mm.
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Advantageously, in accordance with a further development of the inventive
method it is proposed that the above-defined method step d) comprises the steps of
determining a geometry transformation matrix and applying said matrix to the at least one
predefined geometry. In this way, by applying the transformation matrix, any number of
predefined scan geometries, in particular all predefined geometries can be updated in a given
MRI examination context.

According to a variant of the inventive method, the geometry transformation
matrix is derived by registering data from a first scan relative to data from a second scan, as
described in prior art document WO 2004/052206 A1 the respective disclosure of which is
incorporated herein by reference. In a corresponding embodiment of the MRI system
according to the present invention there is provided a registration unit adapted to register data
from a first scan relative to data from a second scan, and the control system further comprises
geometry transformation generating means for deriving from said registration a
transformation for use by the geometry updating means in updating the at least one
predefined scan geometry. Alternatively, the geometry transformation matrix can be derived
by registering data from a scan relative to an anatomical reference, i.e. an anatomical
landmark of the patient's body, which can be retrieved easily during comparison of scan
images regardless of a variation of MR settings, e.g. contrast. In a corresponding embodiment
of the MRI system according to the present invention there is provided a registration unit
adapted to register data from a scan relative an anatomical reference, and the control system
further comprises geometry transformation generating means for deriving from said
registration a transformation for use by the geometry updating means in updating the at least
one predefined scan geometry.

To the same end, in another embodiment of the method in accordance with the
present invention an anatomy scouting scan is performed prior to the above-defined step a)
for detecting anatomical landmarks of the patient, and the region of interest is defined
relative to said anatomical landmarks.

Alternatively, a dedicated position detection can be performed in connection
with the above-defined step a) for detecting a position of the patient, and the region of
interest is defined relative to said patient position. In order to accurately determine the
patient's position, which is crucial for correctly defining the ROI and the scan geometries,
said dedicated position detection may comprise at least one of using an orbital MR navigator,

using fiducial markers, and using external optical detection means, as known to a person
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skilled in the art. Correspondingly, a further embodiment of the inventive MRI system may
comprise dedicated position detection means for detecting a position of the patient.

In a preferred further development of the inventive method, an additional step
b") of performing an additional dedicated position detection is inserted in the method flow to
provide input data for the position analysis in step c). In this way, the invention does not rely
on image registration techniques for detecting a deviation of the ROI from a predefined scan
geometry but rather actively performs repeated position measurements for to determine with
high accuracy whether or not a predefined scan geometry has to be updated due to patient
movement.

In still another embodiment of the method according to the invention it is
proposed that the above-defined step c) is performed upon reconstruction of each scan in a
set of scans. In this way the inventive method ensures continuous geometry updating which
results in an optimum coverage of the intended ROL

In order to further improve the geometrical accuracy of the proposed MR
image acquisition method, according to a further development for scans comprising a time
series of image frame acquisitions an additional Prospective Motion Correction (PMC) is
performed for at least one scan in the above-defined step b). For instance, this applies to
imaging techniques such as diffusion tensor imaging, wherein the same ROI is acquired with
multiple contrast settings, so-called "gradient orientations". In a corresponding development,
the system in accordance with the present invention may include a Prospective Motion
Correction (PMC) unit for updating at least one scan parameter in scans comprising a time
series of image frame acquisitions.

Further advantages and characteristics of the present invention can be gathered
from the following description of preferred embodiments with reference to the enclosed
drawings. The features mentioned above as well as below can be used in accordance with the
invention either individually or in conjunction. The embodiments mentioned are not be
understood as an exhaustive enumeration but rather as examples with regard to the

underlying concept of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic block diagram of an MRI system consistent with the
present invention;

Fig. 2 is a flow chart of a first embodiment of the method according to the

present invention; and
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Fig. 3 is a flow chart of a second embodiment of the method according to the

present invention.

DETAILED DESCRIPTION

The following detailed description of the invention refers to the accompanying
drawings. The same reference numerals may be used in different drawings to identify the
same or similar elements.

Fig. 1 shows a block diagram of an MRI system 1 for acquiring image data
from an examination subject 2, e.g. a patient. The system 1 comprises an MRI examination
chamber or magnet room 3, inside which the patient is positioned for examination. Within the
examination chamber 3, the system 1 comprises a magnet/coil device 4 arranged around the
patient 2. The magnet/coil device 4 includes various functional units (not shown) adapted for
subjecting the patient 2 to a specific magic field used to elicit NMR signals from a particular
location 2a (denoted "X") inside the patient 2. Said functional units are generally known to a
person skilled in the art and regularly comprise polarising magnets, shim coils, RF coils, and
gradient coils. Said particular location 2a is usually extended by means of scanning
techniques to define a so-called region of interest 2b (ROI) inside the patient 2 from which
MR image data are to be collected for a particular examination purpose and which is
illustrated by means of a dashed box in Fig. 1.

According to Fig. 1, the examination chamber 3 is connected with a control
system 5 by means of a transceiving link 6. On a higher hierarchical level the control system
5 first comprises a control unit 7 for controlling an operation of the examination chamber 3,
i.e. the magnet/coil device 4 comprised therein, and for receiving the patient's NMR data,
hereinafter also referred to as image data. Furthermore, the control system 5 comprises an
image processing unit 8 for processing the image data and a registration unit 9 for image
registration, both of which are connected with the control unit 7. The control system 5 also
comprises a prospective motion correcting unit 10 (PMC unit) and a geometry unit 11, the
latter for defining, storing, and updating predefined scan geometries in accordance with the
present invention. Both the PMC unit 10 and the geometry unit 11 are connected with the
control unit 7, too. The control system 5 is further connected with a user console 12 for
interaction with a user 13.

On a lower hierarchical level, the control system 5 comprises in the control
unit 7 a control processor element 7.1, a transceiver element 7.2, a pulse generator element

7.3, a memory element 7.4, and a (gradient) amplifier element 7.5, the function of which is
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known to a person skilled in the art. By means of the aforementioned elements the control
unit 7 controls the operation of the examination chamber 3, e.g. by transmitting RF pulses to
the RF coils comprised in the magnet/coil device 4 for generating a specific magnetic field
inside the patient 2, and by receiving from the magnet/coil device 4 the NMR signals
generated in the ROI 2b. Generally, the operation of the control unit 7 is controlled by the
processor element 7.1 in connection with control programmes (not shown) stored in the
memory element 7.4, e.g. for modification of the RF pulses and gradient waveforms
generated by the pulse generator element 7.3 in operative connection with the gradient
amplifier element 7.5, as known to a person skilled in the art. In this way, scans with
different MR parameters and contrasts can be performed. A particular example would be T1-
TSE, TE 30 ms, TR 500 ms, ETL 4; T2-TSE, TE 100 ms, TR 4000 ms, ETL 8; FLAIR = T2-
TSE with inversion recovery; TR 10000 ms; diffusion SE-EPIL, TE 70 ms, TR 3 s; all having
24 slices, at 6 mm thickness. In order to outline a scanning region geometrically, i.e. the ROI
2b, the control unit 7 uses predefined scan geometries provided by the geometry unit 11, as
will be described below.

In the image processing unit 8, the control system 5 further comprises an
image processor element 8.1, an image buffer element 8.2, and an archive element 8.3. By
means of these elements the image processing unit 8 is adapted for temporarily storing the
NMR image data received by the control unit 7, for performing standard image processing
procedures, e.g. Fourier transformation, thus deriving a particular desired image data format,
and for storing the latter quasi permanently for archiving purposes. As the received image
data is generally obtained by scanning an extended region inside the patient 2, said data
buffering and processing for to produce a desired scan image is also referred to as scan
reconstruction. In this context, the term "scan" may either comprise a single scanning pass or
a time series of a plurality of scanning passes, such as in fMRIL

In the registration unit 9, the control system 5 further comprises a registration
processor element 9.1 and a memory element 9.2, which are conjunctively operative to
register scans relative to each other, i.e. to compare different scan images and to derive from
said comparison information as to a deviation between the scan images. In accordance with
the present invention the registration unit 9.1 is adapted for the relative registration of scans
with different MR parameters and contrasts (see above).

The PMC unit 10 comprised in the control system 5 is adapted for prospective
motion control with respect to a modification of scan parameters during a time-sliced

acquisition of image data, i.e. within a time series constituting a single scan, as generally
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known for instance from prior art document WO 01/84172 A1 or CA 2 473 963 Al. To this
end the MRI system 1 according to the present invention may further comprise external
position determining means 14 in operative connection with both the examination chamber 3
and the control system 5, e.g. camera means, for measuring a position of the patient 2.
Otherwise, PMC can be performed using orbital MR navigator signals or fiducial markers, as
known to a person skilled in the art.

In the user console 12, the MRI system 1 in accordance with the present
invention further comprises a console processor element 12.1 for controlling input means
12.2 and output means 12.3, e.g. a keyboard/mouse and a display screen, respectively, by
means of which the user 13 can influence system operation and view the acquired image data,
respectively.

In the geometry unit 11, the control system 5 further comprises a geometry
processor element 11.1 and a memory element 11.2 for storing said scan geometry. Owing to
suitable programme code comprised in the memory element 11.2 the geometry unit 11
includes geometry generating means 11.3 for generating a particular scan geometry, i.e. a
particular scan orientation, geometry transformation generating means 11.4, and geometry
updating means 11.5. In accordance with the present invention, by means of the geometry
unit 11 — which operates as a scan geometry planning unit — the MRI system 1 is adapted to
predefine scan geometries to be shared by a plurality of different scanning scenarios in terms
of MR parameters and contrasts, as generated by the control unit 7, and to provide these
geometries to the control unit 7 for to accordingly elicit NMR signals from the patient 2 by
adaptation of one or several scan parameters. These geometries have already been referred to
as "shared geometries". The existence of such geometries is particularly useful when the
same ROI 2b has to be scanned repeatedly with different MR parameters and contrast
settings. From a software-engineering point of view, the (predefined) geometries thus exist
independent from the scan parameters. If a scan queue is used, then an update of geometries
triggers a revalidation of all the scans waiting in the queue.

In the above description of Fig. 1 an exemplary embodiment of an MRI
system in accordance with the present invention has been described, knowing that in practise
some of its functional units, e.g. units 7-11, may be arranged differently. In particular, data
processing capacities may be shared between processor elements thus reducing the total
number of such processor elements. For instance, the registration unit 9, PMC unit 10, and
geometry unit 11 may effectively form a single unit with one processor element and an

associated memory element. Otherwise, the geometry transformation generating means 11.4
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may be part of the registration unit 9 (as illustrated in Fig. 1 by means of a dashed box
referenced 9.3). Other such modifications will be devisable by a person skilled in the art.

If the patient 2 moves (involuntarily) between two programmed scans to be
performed under control of the control unit 7, which share the same predefined geometry, i.e.
which are aimed at recovering data from a common ROI 2b, then there would generally result
a geometrical mismatch of the acquired ROI with respect to subsequent scans if the
predefined scan geometry were never updated. In accordance with the present invention, by
means of a suitable programme code comprised in the memory element 7.4 of the control unit
7, the MRI system 1 is first controlled to perform a number of scouting scans, i.e. retrieve
image data from the patient 2, which can be used to define a desired ROI 2b in terms of scan
geometries or scan orientations O,. To this end, the user 13 analyses the scout images using
the output means 12.3 and enters orientation definition data using the input means 12.2. The
corresponding orientations O, are generated in the geometry generating means 11.3 and may
either be stored in the memory element 7.4 of the control unit 7 or — alternatively or
additionally — in the memory element 11.2 of the geometry unit 11 in the form of predefined
scan geometries (named geometries), which are intended for acquiring NMR image data from
at least one desired region of interest 2b relative to the patient 2. Based on the orientations O,
the control unit 7 defines the corresponding scan parameters and subsequently submits the
scan, i.e. performs the necessary operations to send the required control signals to the MR
examination chamber 3 and the magnet/coil device 4. As stated before, some of the
aforementioned functionalities may alternatively be performed by means of different
functional units than those mentioned above, e.g. definition of scan parameters using O,
might be performed in the geometry unit 11 by means of the processor element 11.1
comprised therein prior to submitting the scan, i.e. the corresponding parameter set, to the
control unit 7. However, functional separations of this kind are only applicable to
embodiments of the present invention, in which said functional units 7-11 are devised as
separate physical entities, which is a merely optional characteristic of the inventive MRI
system 1.

After submission of a given scan k, the corresponding image (or a series of
image frames in the case of a time-sliced acquisition) is acquired, and reconstruction is
performed in the image processing unit 8, as described above. The reconstructed image or
image frames can then be written to a database by using the archive element 8.3 comprised in
the image processing unit 8. However, said archive element 8.3 may alternatively or

additionally be arranged externally of the control system 5, and may comprise any type of
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storage device known to a person skilled in the art, e.g. a tape drive, a CD-ROM drive, or a
DVD-ROM drive. In parallel to said archiving process, in the registration unit 9 image data
from the present scan k is registered relative to a scan j acquired earlier, based on the same
scan orientation O, i.e. the same predefined geometry. Alternatively, instead of said earlier
scan j suitable reference data, e.g. retrieved using the patient position determining means 14,
may be used for comparison, and accordingly another dedicated position detection is
performed in conjunction with scan k. The result of the registration/comparison is then
employed to derive the transformation matrix T using the geometry transformation
generating means 9.3, 11.4, which is indicative of the geometrical mismatch of the ROI 2b
between subsequent scans j, k. The matrix T is subsequently employed by the geometry
updating means 11.5 to update the predefined scan orientation/geometry Op: Op' =0, * T,
wherein "*" denotes a multiplication of matrices, if T is sufficiently non-zero, as stated
above. To this end, predetermined or user defined threshold values can be stored in a suitable
memory element, e.g. memory element 11.2, which are compared to the elements of T using
the processor element 11.1, for instance. Since the patient motion generally affects all of the
predefined geometries, the transformation should preferably be applied to every predefined
scan geometry stored in the respective memory elements 7.4, 11.2. The updated scan
geometries are then used to define new scan parameters for the next scan to be submitted, and
so forth until all scans to be performed are finished.

Thus, in accordance with the present invention an analogue to prospective
motion correction is implemented between scans in MRI system operation with named
geometries by:

- performing an anatomy scouting scan,

- planning the region of interest, i.e. named geometries,

- performing a set of scans sharing a given geometry, and

- upon reconstruction of every scan, analysing the position of the region of interest and
updating the geometry prescription of the subsequent scan according to a deviation of the
measured ROI position from the planned ROI position.

As described above, a dedicated position detection can be performed in
conjunction or instead of both the scouting scan (reference scan) and for subsequent scans,
and the predefined scan geometries are updated on the basis of detected orientation changes.
Additionally, within acquisition of a time-sliced scan, standard PMC can be employed by the
PMC unit 10 to further enhance correctness of ROI position.
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Fig. 2 shows a flow chart illustrating the method for acquiring image data
from a patient with a magnetic resonance imaging (MRI) system, in particular with the
above-described system 1, in accordance with the present invention. The method commences
with step S100. In a subsequent step S101, a scouting scan is performed to acquire scout
images which can be used for defining a desired ROI. As an alternative to said step S101, a
dedicated position detection can be performed in step S101', which is illustrated by means of
a dashed box in Fig. 2. On the basis of either the scout images or the position detection the
user is prompted to define a number of scan orientations O, in a following step S102, which
are stored as predefined scan geometries for geometry sharing purposes, as explained in
detail with reference to Fig. 1 above. In a subsequent step S103, scan parameters are defined
using the scan orientations O,. Then, in step S104 a given scan, hereinafter referred to as scan
k, is submitted to the control unit 7 (Fig. 1), which actually initiates and controls data
acquisition by issuing suitable control signals to its own subunits, e.g. transceiver element 7.2
and pulse generator element 7.3, and to the examination equipment, e.g. the magnet/coil
device 4 (Fig. 1). Subsequent step S105 includes the actual image acquisition for said given
scan k, i.e. receiving corresponding NMR data from the patient 2, which is buffered in the
image processing unit 8 (cf. Fig. 1). In a following step S106, the scan is reconstructed, as
previously described. The reconstructed scan image is written to a database in subsequent
step S107. Then, in step S108 it is determined whether or not all programmed scans have
been performed. If this is the case (y), then the method terminates with step S109. Otherwise
(n) in subsequent step S110, scan k is registered relative to a scan j, which was acquired
earlier. However, scans j, k share the same predefined scan geometry, i.e. ideally they are
acquired from the same ROI. Then, in step S111 the transformation matrix T is determined
from the registration result in step S110, i.e. a measured deviation or mismatch of the actual
ROI with respect to the planned ROIL. If the matrix T is found to be sufficiently non-zero in
subsequent step S112 (y), then in a following step S113 the predefined scan orientations O,
are updated using T, i.e. Op' = O, * T, and the method is repeated starting with step S103,
wherein Oy' is substituted for O,. Otherwise, the scan parameters are again defined based on
O, in step S103, such that a number of earlier defined parameters could effectively be re-
used, as indicated by a dashed arrow in Fig. 2.

As an alternative to the above-described step S110, in conjunction with said
alternative step S101' the method according to the invention may comprise a further step
S110' of performing another dedicated position detection for every given scan k, which in

subsequent alternative step S110" is compared with the dedicated position detection acquired
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in step S101' to predefine the scan orientations O, (see above). As pointed out before, the
result of this comparison may be used in step S111 to derive the transformation matrix T, and
subsequently update the predefined scan orientations Oy,

In addition to the inter-scan motion correction described above, prospective
motion correction PMC can be used in any scan k, i.e. within the scope of step S105 (Fig. 2),
having multiple time-sliced acquisitions, hereinafter referred to a image frames N, N =1, 2,
3, ..., which are equal in terms of MR parameters and contrasts as defined in step S103 (Fig.
2). This is detailed in Fig. 3.

Fig. 3 shows a flow chart of another embodiment of the method according to
the present invention, which serves as an extension of step S105 as described earlier with
reference to Fig. 2 (cf. reference numerals A, B in Figs 2 and 3). In step S105a, an image
frame N is acquired. Said image frame N is reconstructed in subsequent step S105b and
written to the database in step S105¢, whereupon in step S105d it is determined whether or
not the present scan k is finished. If this is the case (y), then the method continues with step
S106 as previously described with reference to Fig. 2. Otherwise (n), in step S105¢ the
presently acquired image frame N is registered versus an image frame N-1 acquired earlier in
the time series, and a transformation matrix T' is derived in subsequent step S105f. Matrix T'
takes into account a mismatch or deviation of said image frames N-1, N due to patient motion
during the time series. Then, in step S105g the matrix T' is applied locally to update the scan
parameters only for a subsequent image frame N+1, whereupon the method is repeated from
step S105a until said scan k is finished. Then, the method continues with step S106 as
previously described with reference to Fig. 2.

Thus, the present invention provides a method for acquiring image data from a
patient with an adapted magnetic resonance imaging (MRI) system which obviates the
disadvantage that due to patient motion subsequent scans with a common predefined "named
geometry" effectively acquire data from different regions in the patient, which usually do not
coincide with an intended ROL. In this way, the utility of such predefined scan geometries is

greatly enhanced.
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CLAIMS:

1. A method for acquiring image data from a patient (2) with a magnetic
resonance imaging (MRI) system (1), comprising the steps of:

a) predefining a number of scan geometries (Op) for acquiring the image data
from at least one region of interest (ROI) (2b) relative to the patient (2),

b) performing at least one scan (j, k) for acquiring the image data in accordance
with at least one of the predefined scan geometries (O,),

) analysing in the image data a position of the region of interest (2b) to detect a
deviation from the at least one predefined scan geometry (Op),

d) changing the at least one predefined scan geometry (O,) if said deviation

exceeds a predetermined threshold value, and

e) repeating steps b) to d) until a predetermined number of scans (j, k) has been
performed.
2. The method according to claim 1, characterised in that step d) further

comprises the steps of determining a geometry transformation matrix (T) and applying said

matrix (T) to the at least one predefined geometry (Op).

3. The method according to claim 2, characterised in that the geometry
transformation matrix (T) is derived by registering data from a first scan (j) relative to data

from a second scan (k).

4. The method according to claim 2, characterised in that the geometry
transformation matrix (T) is derived by registering data from a scan (j, k) relative to an

anatomical reference.

5. The method according to claim 1, characterised in that step c) is performed

upon reconstruction of each scan (j, k) in a set of scans.
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6. The method according to claim 1, characterised in that for scans (j, k)
comprising a time series of image frame acquisitions an additional Prospective Motion

Correction (PMC) is performed for at least one scan (j, k) in step b).

7. The method according to claim 1, characterised in that an anatomy scouting
scan is performed prior to step a) for detecting anatomical landmarks of the patient (2), and in

that the region of interest (ROI) (2b) is defined relative to said anatomical landmarks.

8. The method according to claim 1, characterised in that a dedicated position
detection is performed prior to step a) for detecting a position of the patient (2), and in that

the region of interest (ROI) (2b) is defined relative to said patient position.

9. The method according to claim 8, characterised in that said dedicated position
detection comprises at least one of using an orbital MR navigator, using fiducial markers, and

using external optical detection means (14).

10. The method according to claim 8, characterised by an additional step b') of
performing an additional dedicated position detection to provide input data for the position

analysis in step c).

11. A magnetic resonance imaging (MRI) system (1), comprising:

- a magnet/coil device (4) for subjecting a patient (2) to a magnetic field and for receiving
NMR data from the patient (2), and

- a control system (5) in connection with the magnet/coil device (4),

said control system (5) further comprising:

- a control unit (7) for controlling the magnet/coil device (4) in accordance with at least one
predefined scan geometry (O,) for acquiring NMR data from at least one region of interest
(ROI) (2b) relative to the patient (2),

- a geometry unit (11) for predefining the at least one scan geometry (O,) and for providing at
least one scan geometry (O,) to the control unit (7),

- an image processing unit (8) for converting the NMR data to image data, and

- geometry updating means (11.5) for updating the at least one predefined scan geometry
(Op), to be activated if a position of the region of interest (ROI) (2b) deviates from the at least
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one predefined scan geometry (Op) by a predetermined threshold value.

12. The system (1) according to claim 11, characterised by a registration unit (9)
adapted to register data from a first scan (k) relative to data from a second scan (j), further
characterised in that the control system (5) comprises geometry transformation generating
means (9.3, 11.4) for deriving from said registration a transformation (T) for use by the

geometry updating means (11.5) in updating the at least one predefined scan geometry (O,).

13. The system according to claim 11, characterised by a registration unit (9)
adapted to register data from a scan (j, k) relative to an anatomical reference, further
characterised in that the control system (5) comprises geometry transformation generating
means (9.3, 11.4) for deriving from said registration a transformation (T) for use by the

geometry updating means (11.5) in updating the at least one predefined scan geometry (O,).

14. The system according to claim 11, further characterised by dedicated position

detection means (14) for detecting a position of the patient.

15. The system according to claim 11, further characterised by a Prospective
Motion Correction (PMC) unit (10) for updating at least one scan parameter in scans (j, k)

comprising a time series of image frame acquisitions (N).

16. A computer programme product for use in a magnetic resonance imaging
(MRI) system (1) for acquiring image data from a patient (2), operable to:

a) predefine a number of scan geometries (O,) for acquiring the image data from
at least one region of interest (ROI) (2b) relative to the patient (2),

b) perform at least one scan (j, k) for acquiring the image data in accordance with
at least one of the predefined scan geometries (Op),

) analyse in the image data a position of the region of interest (ROI) (2b) to
detect a deviation from the at least one predefined scan geometry (Op),

d) change the at least one predefined scan geometry (O,) if said deviation
exceeds a predetermined threshold value, and

e) repeat steps b) to d) until a predetermined number of scans (j, k) has been

performed.
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