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Fig. 2

signal (MS) from the body ( 10 ) while continuously subjecting the portion of the
body ( 10 ) to one or more preparation RF pulses; subjecting the portion of the
body ( 10 ) to an imaging sequence comprising at least one excitation RF pulse
and switched magnetic field gradients, wherein the imaging sequence is triggered
by the detected motion signal (MS); acquiring MR signals from the portion of the
body ( 10 ); and reconstructing a MR image from the acquired MR signals.
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MOTION TRIGGERED MR IMAGING USING APT/CEST

TECHNICAL FIELD

The invention relates to the field of magnetic resonance (MR) imaging. It
concerns a method of MR imaging of a moving portion of a body. The invention also relates
to a MR device and to a computer program for a MR device.

Image-forming MR methods which utilize the interaction between magnetic
fields and nuclear spins in order to form two-dimensional or three-dimensional images are
widely used nowadays, notably in the field of medical diagnostics, because for the imaging of
soft tissue they are superior to other imaging methods in many respects, do not require

ionizing radiation and are usually not invasive.

BACKGROUND OF THE INVENTION

According to the MR method in general, the body of the patient to be
examined is arranged in a strong, uniform magnetic field whose direction at the same time
defines an axis (normally the z-axis) of the co-ordinate system on which the measurement is
based. The magnetic field produces different energy levels for the individual nuclear spins in
dependence on the magnetic field strength which can be excited (spin resonance) by
application of an electromagnetic alternating field (RF field) of defined frequency (so-called
Larmor frequency, or MR frequency). From a macroscopic point of view, the distribution of
the individual nuclear spins produces an overall magnetization which can be deflected out of
the state of equilibrium by application of an electromagnetic pulse of appropriate frequency
(RF pulse) while the magnetic field of the RF pulse extends perpendicular to the z-axis, so
that the magnetization performs a precession about the z-axis. This motion of the
magnetization describes a surface of a cone whose angle of aperture is referred to as flip
angle. The magnitude of the flip angle is dependent on the strength and the duration of the
applied electromagnetic pulse. In the case of a so-called 90° pulse, the spins are deflected
from the z axis to the transverse plane (flip angle 90°). The RF pulse is radiated toward the
body of'the patient via a RF coil arrangement of the MR device. The RF coil arrangement

typically surrounds the examination volume in which the body of the patient is placed.
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After termination of the RF pulse, the magnetization relaxes back to the
original state of equilibrium, in which the magnetization in the z direction is built up again
with a first time constant T, (spin lattice or longitudinal relaxation time), and the
magnetization in the direction perpendicular to the z direction relaxes with a second time
constant T, (spin-spin or transverse relaxation time). The variation of the magnetization can
be detected by means of receiving RF coils which are arranged and oriented within the
examination volume of the MR device in such a manner that the variation of the
magnetization is measured in the direction perpendicular to the z-axis. The decay of the
transverse magnetization is accompanied, after application of, for example, a 90° pulse, by a
transition of the nuclear spins (induced by local magnetic field inhomogeneities) from an
ordered state with the same phase to a state in which all phase angles are uniformly
distributed (dephasing). The dephasing can be compensated by means of a refocusing pulse
(for example a 180° pulse). This produces an echo signal (spin echo) in the receiving coils.

In order to realize spatial resolution in the body, linear magnetic field
gradients extending along the three main axes are superposed on the uniform magnetic field,
leading to a linear spatial dependency of the spin resonance frequency. The signal picked up
in the receiving coils then contains components of different frequencies which can be
associated with different locations in the body. The signal data obtained via the receiving
coils corresponds to the spatial frequency domain and is called k-space data. The k-space
data usually includes multiple lines acquired with different phase encoding. Each line is
digitized by collecting a number of samples. A set of k-space data is converted to a MR
image by means of Fourier transformation.

In some medical applications, the difference in MR signal intensity from
standard MR protocols, i.c. the contrast, between different tissues might not be sufficient to
obtain satisfactory clinical information. In this case, contrast enhancing techniques are
applied, which rely for example on advanced MR sequences or on MR contrast agents, like
paramagnetic agents (Gd-DTPA/DOTA), or combinations of both.

In a number of important MR applications with or without using contrast
agents, advanced contrast enhancing MR techniques are favorable, which employ long and/or
repeatedly applied preparation RF pulses, for example for saturation transfer, hetero- or
homonuclear polarization transfer, proton decoupling or spin locking.

A particularly promising approach for contrast enhancement and increase of
MR detection sensitivity (by orders of magnitude) is the known method based on ‘Chemical

Exchange Saturation Transfer’ (CEST), as initially described by Balaban et al. (see e.g.
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US 6,962,769 B1). With this CEST technique, the image contrast is obtained by altering the
intensity of the water proton signal in the presence of a contrast agent with a fast-relaxing
proton pool resonating at a slightly different frequency than the main water resonance. This is
achieved by selectively saturating the nuclear magnetization of the pool of exchangeable
protons which resonate at a frequency different from the water proton resonance.
Exchangeable protons can be provided by exogenous CEST contrast agents (e.g. DIACEST,
PARACEST or LIPOCEST agents), but can also be found in biological tissue (e.g.
endogenous amide protons in proteins and peptides or protons in glucose, not covered in the
original Balaban method). A frequency-selective preparation RF pulse that is matched to the
MR frequency of the exchangeable protons is used for this purpose. The saturation of the MR
signal of the exchangeable protons is subsequently transferred to the MR signal of nearby
water protons within the body of the examined patient by chemical exchange or dipolar
coupling with the water protons, thereby decreasing the water proton MR signal. The
selective saturation at the MR frequency of the exchangeable protons thus gives rise to a
negative contrast in a proton-density weighted MR image. Amide proton transfer (APT) MR
imaging of endogenous exchangeable protons allows highly sensitive and specific detection
of pathological processes on a molecular level, like increased protein concentrations in
malignant tumor tissue. The APT signal is also sensitively reporting on locally altered pH
levels - because the exchange rate is pH dependent - which can be e.g. used to characterize
ischemic stroke. CEST contrast agents have several important advantages over T;- and T-
based MR contrast agents. CEST contrast agents allow for multiplexing by using a single
compound or a mixture of compounds bearing exchangeable protons that can be addressed
separately in a multi-frequency CEST MR examination. This is of particular interest for
molecular imaging, where multiple biomarkers may be associated with several unique CEST
frequencies. Moreover, the MR contrast in APT/CEST MR imaging can be turned on and off
at will by means of the frequency selective preparation RF pulse. Adjustable contrast
enhancement is highly advantageous in many applications, for example when the selective
uptake of the contrast agent in the diseased tissue in examined body is slow.

A problem of all known APT/CEST MR imaging techniques is that the
selective saturation prior to the actual acquisition of image data takes a comparably long
time. The build-up of the saturation of the exchangeable protons is a relatively slow process
(the characteristic timescale is on the order of one second). Consequently, the desirable
saturation period for APT/CEST measurements is typically 2-5 seconds. Then, immediately

following the saturation period, an imaging sequence including a (slice-selective) excitation
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RF pulse is usually applied for excitation of bulk water nuclear magnetization and one or
more MR signals are recorded, for example as gradient echoes or spin echoes. The
acquisition of individual MR signals used for imaging takes typically several milliseconds up
to a few hundred milliseconds, wherein the full k-space is acquired as a set of these short
signal acquisitions.

Further, in the paper ‘Magnetisation transfer contrast in MR imaging of the
heart’ by R.S. Balaban et al. in Radiology 180(1991)671-675 a gated acquistion of magnetic
resonance signals is mentioned for MTF transfer. Off-resonance irradiation is applied during
interpulse delay.

In clinical applications for MR examination of body regions affected by
motion (for example abdominal organs like liver, prostate, and kidneys), APT/CEST MR
imaging should be combined with motion detection to acquire MR signals in a defined
motion state. For example, MR imaging of abdominal organs is affected by respiratory
motion. Hence, APT/CEST MR imaging should be combined with breathing triggering to
acquire the MR signals in a defined respiratory phase (e.g. full expiration). Triggering the
imaging sequence for MR signals acquisition by detected motion signals is per se known in
the art. However, a conventional motion triggering, in which the imaging sequence is
initiated upon the respective trigger signal, would be inappropriate and inefficient for
APT/CEST MR imaging. The motion phase will have changed until the MR signal
acquisition starts several seconds later, because, for example the human breathing interval,
which amounts to 3-5 seconds, covers a time scale which is similar to the duration of the
selective saturation prior to the actual MR signal acquisition. Furthermore, in the described
example, waiting for the trigger signal indicating the desired respiratory phase will take up to
one complete breathing cycle, which compromises scan efficiency.

Until today, no efficient combination of APT/CEST MR imaging with motion
triggering has been described in the art.

From the foregoing it is readily appreciated that there is a need for an
improved MR imaging technique. It is consequently an object of the invention to provide a
MR imaging method and a MR device which enable high-quality MR imaging of moving
body portions using APT/CEST.

SUMMARY OF THE INVENTION
In accordance with the invention, a method of MR imaging of a moving

portion of a body is disclosed. The method comprises the steps of:
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- detecting a motion signal from the body while continuously subjecting the
portion of the body to one or more preparation RF pulses;

- subjecting the portion of the body to an imaging sequence comprising at least
one excitation RF pulse and switched magnetic field gradients, wherein the imaging sequence
is triggered by the detected motion signal;

- acquiring MR signals from the portion of the body; and

- reconstructing a MR image from the acquired MR signals.

The invention proposes to apply the preparation RF pulses continuously
during any motion phase of the examined portion of the body, while MR signal acquisition is
performed only in one pre-defined motion state (e.g. full expiration). The imaging sequence
is triggered at an instant at which the given motion state is recognized on the basis of the
detected motion signals. The motion signals represent the motion phase of the movement of
the examined portion of the body. The method of the invention enables motion-triggered
APT/CEST MR imaging of, for example, the abdomen. The method of the invention is
characterized by superior scan time efficiency and robustness since the preparation RF pulses
are radiated continuously. That is, the preparation RFpulses are repeatedly applied in a
continous series while movement of the examined portion occurs. The actual MR signal
acquisition can start immediately after recognition of the desired motion state on the basis of
the detected motion signals. Alternatively, the actual MR signal acquisition can be triggered
after a pre-determined time delay, so that a prospective initialisaton of the MR signal
acquisition is applied. The pre-determined time delay can be set on the basis of the type of
repetitive motion at hand, such as respiratory motion or cardiac motion. The method of the
invention provides accurate motion compensation. High-quality MR imaging without motion
artifacts can thus be obtained.

According to a preferred embodiment of the invention, the motion signals are
detected via a motion sensor. Motion sensors, which are well-suited for application according
to the invention, are per se known in the art. For example WO 2006/099011 A1 discloses a
wireless in-bore patient monitor for MR imaging which enables detection of the respiratory
phase during MR signal acquisition.

In a possible embodiment of the invention, the continuously applied
preparation RF pulses are extended over multiple cycles of the motion signal. Thus, the MR
data acquisition is only performed at every second, every third (every N-th) occurrence of the

pre-defined motion state. This is advantageous in cases, in which the preparation is required
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for a period, which is longer than the typical duration of a single motion cycle (e.g. cardiac or
breathing cycle).

The approach of the invention can advantageously be used in combination
with different types of preparation RF pulses. The preparation RF pulses of the method of the
invention may be, for example, saturation RF pulses for saturating nuclear magnetization, or
spin locking RF pulses for measuring T,, or homo-nuclear or hetero-nuclear polarization
transfer RF pulses for transferring magnetization between different nuclear spins for nuclear
Overhauser enhanced (NOE) MR imaging, or proton decoupling RF pulses in multi-nuclear
MR imaging. In particular, the preparation RF pulses of the method of the invention can be
frequency-selective saturation RF pulses for saturating nuclear magnetization of protons of
an exchangeable pool, belonging to endogenous molecules or to a CEST contrast agent.

APT/CEST MR imaging is particularly constrained by the safety regulations
for heat deposition (SAR) in the tissue of the examined patient because the long and powerful
RF irradiation during saturation results in a considerable SAR contribution. According to a
preferred embodiment of the invention, the number and/or the duration of the continuously
radiated preparation RF pulses are monitored, the radiation of the preparation RF pulses
being interrupted as soon as the monitored number and/or the duration between two
consecutive imaging sequences exceeds a pre-defined limit. This embodiment of the
invention ensures a SAR-safe operation. The pre-defined limit determines a time interval
during which the preparation RF pulses are repeatedly radiated. If the actual motion interval,
as recognized on the basis of the motion signals, exceeds the limit, the preparation RF pulses
are switched off automatically. Optionally, the operator of the used MR device can be
informed.

The method of the invention described thus far can be carried out by means of
a MR device including at least one main magnet coil for generating a uniform steady
magnetic field within an examination volume, a number of gradient coils for generating
switched magnetic field gradients in different spatial directions within the examination
volume, at least one RF coil for generating RF pulses within the examination volume and/or
for receiving MR signals from a body of a patient positioned in the examination volume, a
motion sensor which is sensitive to motion of a moving portion of the body, a control unit for
controlling the temporal succession of RF pulses and switched magnetic field gradients, and a
reconstruction unit for reconstruction of a MR image from the received MR signals. The
method of the invention is preferably implemented by a corresponding programming of the

control unit of the MR device.
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The methods of the invention can be advantageously carried out in most MR
devices in clinical use at present. To this end it is merely necessary to utilize a computer
program by which the MR device is controlled such that it performs the above-explained
method steps of the invention. The computer program may be present either on a data carrier
or be present in a data network so as to be downloaded for installation in the control unit of

the MR device.

BRIEF DESCRIPTION OF THE DRAWINGS
The enclosed drawings disclose preferred embodiments of the present
invention. It should be understood, however, that the drawings are designed for the purpose
of illustration only and not as a definition of the limits of the invention. In the drawings:
Fig. 1 shows a MR device according to the invention;

Fig. 2 shows a timing diagram illustrating the method steps of the invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

With reference to Figure 1, a MR device 1 is shown. The device comprises
superconducting or resistive main magnet coils 2 such that a substantially uniform,
temporally constant main magnetic field By is created along a z-axis through an examination
volume. The device further comprises a set of (1%, 2™, and - where applicable - 3" order)
shimming coils 2°, wherein the current flow through the individual shimming coils of the set
2’ is controllable for the purpose of minimizing By deviations within the examination
volume.

A magnetic resonance generation and manipulation system applies a series of
RF pulses and switched magnetic field gradients to invert or excite nuclear magnetic spins,
induce magnetic resonance, refocus magnetic resonance, manipulate magnetic resonance,
spatially and otherwise encode the magnetic resonance, saturate spins, and the like to perform
MR imaging.

Most specifically, a gradient pulse amplifier 3 applies current pulses to
selected ones of whole-body gradient coils 4, 5 and 6 along x, y and z-axes of the
examination volume. A digital RF frequency transmitter 7 transmits RF pulses or pulse
packets, via a send-/receive switch 8, to a -body RF coil 9 to transmit RF pulses into the
examination volume. A typical MR imaging sequence is composed of a packet of RF pulse
segments of short duration which jointly achieve a selected manipulation of nuclear magnetic

resonance in combination with any applied magnetic field gradients. The RF pulses are used
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to saturate, excite resonance, invert magnetization, refocus resonance, or manipulate
resonance and select a portion of a body 10 positioned in the examination volume. The MR
signals are also picked up by the body RF coil 9 or/and multiple local RF receiver array coils
11, 12,13.

For generation of MR images of limited regions of the body 10 by means of
parallel imaging, a set of local array RF coils 11, 12, 13 are placed contiguous to the region
selected for imaging. The array coils 11, 12, 13 can be used to receive MR signals induced by
body-coil RF transmissions.

The resultant MR signals are picked up by the body RF coil 9 and/or by the
array RF coils 11, 12, 13 and demodulated by a receiver 14 preferably including a
preamplifier (not shown). The receiver device 14 is connected to the RF coils 9, 11, 12 and
13 via the send-/receive switch 8.

A host computer 15 controls the current flow through the shimming coils 2’ as
well as the gradient pulse amplifier 3 and the transmitter 7 to generate any of a plurality of
MR imaging sequences, such as echo planar imaging (EPI), gradient and spin echo imaging,
fast spin echo imaging, and the like. For the selected sequence, the receiver 14 receives a
single or a plurality of MR data lines from all active receiving RF coils in rapid succession
following each RF excitation pulse. A data acquisition system 16 performs analog-to-digital
conversion of the received signals and converts each MR data line to a digital format suitable
for further processing. In modern MR devices the data acquisition system 16 is a separate
computer which is specialized in acquisition of raw image data.

Ultimately, the digital raw image data is reconstructed into an image
representation by a reconstruction processor 17 which applies a Fourier transform or other
appropriate reconstruction algorithms, such like SENSE orGRAPPA or the like. The MR
image may represent a planar slice through the patient, an array of parallel planar slices, a
three-dimensional volume, or the like. The image is then stored in an image memory where it
may be accessed for converting slices, projections, or other portions of the image
representation into appropriate format for visualization, for example via a video monitor 18
which provides a man-readable display of the resultant MR image.

The depicted MR device 1 further comprises a motion sensor 19 connected to
a sensor element which is located on the patient’s body 10 within the examination volume.
The motion sensor 19 detects motion signals which indicate, in the depicted embodiment, the

momentary respiratory phase of the patient.
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With continuing reference to Figure 1 and further reference to Figure 2, the
method of the invention is illustrated. Figure 2 shows a timing diagram with the different
method steps of the invention.

In the depicted embodiment, respiratory motion signals are acquired from the
body 10 via the motion sensor 19. The motion signal is designated by MS in Figure 2.

The motion signal MS is detected from the body 10 while the imaged body
portion is continuously subjected to repeatedly radiated saturation RF pulses for saturating
nuclear magnetization of an exchangeable proton pool according to the APT/CEST
technique. As soon as a motion state of full expiration is recognized on the basis of the
motion signal MS, an imaging sequence comprising at least one excitation RF pulse is
triggered and MR signals generated by the imaging sequence are acquired during a pre-
determined acquisition interval. The preparation RF pulses applied between the successive
MR signal acquisition steps are designated by “sat” in Figure 2. The acquisition intervals are
designated by “acquisition”.

The number N of the repeatedly radiated preparation RF pulses is monitored in
the time interval between successive MR signal acquisition steps. The radiation of the
preparation RF pulses is interrupted automatically as soon as the monitored number N
exceeds a pre-defined limit Npax. In this way a safe operation regarding RF heat deposition
(SAR) is ensured.

The above described MR imaging method of the invention enables motion-
triggered APT/CEST applications, for example for APT/CEST MR imaging of the abdomen.
The method of the invention is characterized by superior scan time efficiency and robustness
due to the preparation RF pulses being radiated continuously during the time interval during
which the next triggering event is waited for. Accurate motion compensation is achieved by
pre-defining a motion state, in which MR signals are acquired. SAR-safe operation is ensured
by avoiding that the number or duration of preparation RF pulses exceeds a pre-determined

limit.
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CLAIMS:

1. Method of MR imaging of a moving portion of a body (10), the method
comprising the steps of:

- detecting a motion signal (MS) from the body (10) while continuously
subjecting the portion of the body (10) to one or more preparation RF pulses;

- subjecting the portion of the body (10) to an imaging sequence comprising at
least one excitation RF pulse and switched magnetic field gradients, wherein the imaging
sequence is triggered by the detected motion signal (MS);

- acquiring MR signals from the portion of the body (10); and

- reconstructing a MR image from the acquired MR signals.

2. Method of claim 1, wherein the imaging sequence is triggered at an instant at

which a pre-defined motion state is recognized on the basis of the motion signal (MS).

3. Method of claim 1 or 2, wherein the motion signals are detected via a motion

sensor (19).

4. Method of any one of claims 1-3, wherein the preparation RF pulses are:
- saturation RF pulses for saturating nuclear magnetization, or

- spin locking RF pulses, or

- polarization transfer RF pulses for transferring magnetization between
different nuclear spins, or

- proton decoupling RF pulses.

5. Method of claim 4, wherein the preparation RF pulses are frequency-selective
saturation RF pulses for saturating nuclear magnetization of protons of an exchangeable

endogenous proton pool or of a CEST contrast agent.
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6. Method of any one of claims 1-5, wherein the number (N) and/or the duration
of the repeatedly radiated preparation RF pulses are monitored, the radiation of the
preparation RF pulses being interrupted as soon as the monitored number (N) and/or the

duration between two consecutive imaging sequences exceeds a pre-defined limit (Npax).

7. MR device comprising:
- at least one main magnet coil (2) for generating a uniform, steady magnetic
field within an examination volume;
- a number of gradient coils (4, 5, 6) for generating switched magnetic field
gradients in different spatial directions within the examination volume;
- at least one RF coil (9) for generating RF pulses within the examination
volume and/or for receiving MR signals from a body (10) of a patient positioned in the
examination volume;
- a motion sensor (19) which is sensitive to motion of a moving portion of the
body (10);
- a control unit (15) for controlling the temporal succession of RF pulses and
switched magnetic field gradients; and
- a reconstruction unit (17) for reconstructing a MR image from the received
MR signals,

wherein the MR device (1) is arranged to perform the following steps:
- detecting a motion signal (MS) from the body (10) via the motion sensor (19)
while continuously subjecting the portion of the body (10) to one or more preparation RF
pulses;
- subjecting the portion of the body (10) to an imaging sequence comprising at
least one excitation RF pulse and switched magnetic field gradients, wherein the imaging
sequence is triggered by the detected motion signal (MS);
- acquiring MR signals from the portion of the body (10); and

- reconstructing a MR image from the acquired MR signals.

8. Computer program to be run on a MR device, which computer program
comprises instructions for:

- acquiring a motion signal (MS) while continuously generating one or
more preparation RF pulses;

- generating an imaging sequence comprising at least one excitation RF pulse
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and switched magnetic field gradients, wherein the imaging sequence is triggered by the
acquired motion signal (MS);
- acquiring MR signals; and

- reconstructing a MR image from the acquired MR signals.



WO 2012/143808 PCT/IB2012/051598

1/2

Fig. 1



WO 2012/143808 PCT/IB2012/051598

2/2

%
ot ttpnspppnnrssn s

time

u‘
=
o,
»
/ “n,
%,
“,
2
3

| S \\\\\\\\

N<N sat

FTiEx

o
o
S
o

sat

[
w
+

7]
&
=
Firs,
/ o,
%,
%,
%,
%

N\ \\\\\\\\

W
a
—

o
el
—

W
u
—+

[
o]
~+

i
o
—

L7l
o
=

w
453
~t

Fig. 2



INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2012/051598

A. CLASSIFICATION OF SUBJECT MATTER

INV. GOIR33/567 GO1R33/56
ADD.

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

GOIR

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, INSPEC

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X,P J.KEUPP ET AL.:

PROC.INTL.SOC.MAG.RESON.MED. 19,

XP002656872,

the whole document
M.SCHAR ET AL.:
Saturation Transfer (TRiST) 31P

Kinase Reaction Kinetics",
MAGNETIC RESONANCE IN MEDICINE,
vol. 63, 2010, pages 1493-1501,
XP002656873,

"Respiratory triggered
Chemical Exchange Saturation Transfer MRI
for pH Mapping in the Kidneys at 3T",

23 April 2011 (2011-04-23), page 707,

"Triple Repetition Time

Spectroscopy for Measuring Human Creatine

see the chapter 'Materials and Methods'

1-8

1-8

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :
"A" document defining the general state of the art which is not considered
to be of particular relevance

earlier application or patent but published on or after the international
filing date

document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

document referring to an oral disclosure, use, exhibition or other
means

U=

UK

"Qr

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

4 June 2012

Date of mailing of the international search report

13/06/2012

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Lersch, Wilhelm

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/1B2012/051598
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X BALABAN R S ET AL: "MAGNETIZATION 1-8
TRANSFER CONTRAST IN MR IMAGING OF THE
HEART",
RADIOLOGY, RADIOLOGICAL SOCIETY OF NORTH
AMERICA, OAK BROOK,IL, US,
vol. 180, 1 September 1991 (1991-09-01),
pages 671-675, XP008016767,
ISSN: 0033-8419
the whole document
X BOTTOMLEY P A ET AL: "MAPPING CREATINE 1-8
KINASE REACTION RATES IN HUMAN BRAIN AND
HEART WITH 4 TESLA SATURATION TRANSFER 31P
NMR",
JOURNAL OF MAGNETIC RESONANCE, ACADEMIC
PRESS, ORLANDO, FL, US,
vol. 99, no. 2,
1 September 1992 (1992-09-01), pages
443-448, XP000297611,
ISSN: 1090-7807
the whole document
X S.I.K.SEMPLE ET AL.: "Comparison of Four 1-8
Magnetization Preparation Schemes to
Improve Blood-Wall Contrast in Cine
Short-Axis Cardiac Imaging",
MRM,
vol. 39, 1998, pages 291-299, XP002656874,
see the chapters 'Theory' and 'Materials
and Methods'
X B.F.COOLEN ET AL.: "Mouse myocardial 1-5,7.8
first-pass perfusion imaging",
PROC. OF THE ISMRM-ESMRMB JOINT ANNUAL
MEETING, MAY 1-7 2010,
2010, page 3618, XP002656875,
the whole document
X US 20077069726 Al (MIYOSHI MITSUHARU [JP]) 1-4,7,8
29 March 2007 (2007-03-29)
paragraphs [0078], [0079]; figures 6,7
X LIV Y L ET AL: "A MONITORING, FEEDBACK, 1-4,6-8
AND TRIGGERING SYSTEM FOR REPRODUCIBLE
BREATH-HOLD MR IMAGING",
MAGNETIC RESONANCE IN MEDICINE, ACADEMIC
PRESS, DULUTH, MN, US,
vol. 30, no. 4,
1 October 1993 (1993-10-01), pages
507-511, XP000402838,
ISSN: 0740-3194
see the chapter 'Methods and Materials'
- / -

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/IB2012/051598

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

EP 2 199 815 Al (KONINKL PHILIPS
ELECTRONICS NV [NL]; PHILIPS INTELLECTUAL
PROPERTY [DE) 23 June 2010 (2010-06-23)
paragraphs [0013] - [0018], [0030] -
[6034]; figures 2-6

J.KEUPP ET AL.: "CEST-Dixon MRI for
Sensitive and Accurate Measurement of
Amide Proton Transfer in Humans at 3T",
PROC. OF THE ISMRM-ESMRMB JOINT ANNUAL
MEETING, MAY 1-7 2010,

2010, page 338, XP002656876,

the whole document

1,4-8

1,4-8

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/1B2012/051598
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2007069726 Al 29-03-2007  CN 1939212 A 04-04-2007
DE 102006044761 Al 29-03-2007
JP 4717573 B2 06-07-2011
JP 2007082867 A 05-04-2007
NL 1032545 Al 27-03-2007
NL 1032545 (2 30-06-2009
US 2007069726 Al 29-03-2007
EP 2199815 Al 23-06-2010 CN 102257399 A 23-11-2011
EP 2199815 Al 23-06-2010
EP 2380030 Al 26-10-2011
US 2011288402 Al 24-11-2011
WO 2010073184 Al 01-07-2010

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - wo-search-report
	Page 18 - wo-search-report
	Page 19 - wo-search-report
	Page 20 - wo-search-report

