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Description
Field
[0001] This patent specification is in the field of MRI

measurements and imaging and more specifically relates
to using ultrasound to improve MRI measurement and
imaging and, in some cases, using MRI to improve ultra-
sound measurements and imaging.

Background

[0002] In MRI investigation of body, heart and chest,
MRI data acquisition is limited by respiratory motion of
the body to breath hold periods in order to reduce image
degradation due to motion. To extend imaging time,
methods of navigator echo have been implemented to
measure the position of the diaphragm in multiple breath
hold periods. Image acquisition is shifted to a new loca-
tion as determined by the measured position of the dia-
phragm. A single line 1D FT image is obtained perpen-
dicular to the diaphragm to measure the location of the
diaphragm during breath holding. The level of the image
acquisition is shifted in space by the measured displace-
ment from the diaphragm’s position in the first breath hold
period of MRI data acquisition. Organs other than the
heart, kidney, liver and pancreas have also been imaged
with multiple breath hold using MRI navigator echoes.
Several variants of multiple-breath hold with navigators
exist but have achieved limited success due to inherent
errors in measurements and variations in the correlation
between measured position of the diaphragm and the
heart.

[0003] The movement of an organ such as the heart
duringan MRI scan can and typically does cause artifacts
intheimage. The artifacts are due mostly to nonlinearities
in the data set before Fourier Transformation or back-
projection reconstruction of the MRI image. Generally it
is not possible to know where the moving organ was lo-
cated during the MRI data acquisition without some form
of gating. Gating is a process in which the MRI data col-
lection is timed to a certain temporal point with respect
to a repetitive trigger of the MRI pulse sequence. EKG
signals are often used to trigger MRI pulse sequences
such that each MRI signal in the final data set is obtained
at the same time in the cardiac cycle and the same car-
diac phase. Another approach to this problem is to over-
sample the data without cardiac gating so thatan average
position is obtained for each line of k-space in MRI signal
processing. This oversampling method, taken alone,
may reduce artifacts, but is still limited in obtainable spa-
tial resolution to the time averaged position of the heart.
Avariantof oversampling called "retrospective navigator"
(RNAV) is more effective in improving the spatial reso-
lution in the image. The RNAV method in MRI essentially
acquires an additional selective line image (1D FT line
image) placed on the diaphragm or more directly on the
heart or other organ to be imaged. For each line of k-
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space data, an RNAV signal is also obtained. The two
sets of data are 1D FT processed independently and the
RNAYV line images are evaluated. The RNAV lines show
the position of the organ and if the organ is within a certain
acceptable position, the time of the RNAV is stored. The
k-space data acquired at the stored time are accepted.
RNAV times are selected for the final k-space data set
(RNAV corrected k-space), discarding k-space data that
were acquired during nonacceptable displacements. FT
image reconstruction of the RNAV corrected data gives
an MRI image without major blurring and with increased
spatial resolution. There are limitations to the accuracy
of the RNAV method, especially in the correlation be-
tween a 1 D image and the 3D motion of the heart. The
RNAYV method works poorly when there is abnormal non-
periodic motion in 3D space, as occurs with people with
cardiac disease and respiratory disease that is perhaps
secondary the their cardiac function.

[0004] Thus, MRI imaging and MRI pulse sequences
can make use of "MRI navigator echoes" (NavEcho). The
NavEchois an MRl signal thatis not directly used to make
the image; instead the NavEcho signal is used to obtain
information on the heart, diaphragm or other body organ
that is used to improve the final image of that organ. The
improvement is usually by means of correcting for body
motion either by prospectively modifying an MRI pulse
sequence or by retrospectively rejecting signals thathave
moved out of some boundary region. An example is to
use a single line scan through the right diaphragm as the
NavEcho. The image acquisition of the heart is then only
permitted when the NavEcho identifies the diaphragm as
being at a certain position. The heart positionis correlated
to the diaphragm position and this measure of diaphragm
position effectively permits signal acquisitions of the
heart only attimes when the heart is in the same or nearly
same position. The process reduces blurring and arti-
facts, up to the accuracy and reproducibility in the corre-
lation of the positions of the two organs. Because the
NavEcho signal is not acquired on the heart, there is no
loss of heart MRI signal.

[0005] If the NavEcho signals are positioned on the
heart, the subsequent image signals would experience
a shortened T1 recovery time (time between the NavE-
cho and the excitation of the image signal). This would
directly reduce the quality and resolution of the final im-
age, causing signal loss and artifacts. The problem of
NavEcho and signal interference would be worse using
a 2D rather than a 1D NavEcho such as could be
achieved with a sub-second EPI image. In this case, an
entire plane of the EPI image located through the heart
interferes with the NavEcho signal.

[0006] Using NavEcho requires precious time during
which the image signal acquisition cannot be performed.
The NavEcho and the image signals are competing for
acquisition time. They are not acquired simultaneously.
The ADC sampling is performed typically first for the
NavEcho and then for the image signal. If a 3D image of
the heart were used for the NavEcho, it would take a
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prohibitively long amount of time, e.g., an estimated 500
milliseconds (ms) to acquire data for a 3D GRASE single
shotimage. It might then take another 500 ms to perform
the 3D FT and to extract an edge position on the heart.
This information could be used only after a delay of 1
second or so before the information is available to direct
the MRI image signal acquisition. This can be entirely
useless since the heart would then typically be in an en-
tirely different phase of a different cardiac cycle. Single
line (1 D) NavEcho requires only a few milliseconds (ms)
to acquire, and a 1D Fourier Transform (FT) can be proc-
essed and used within less than 100ms. This time for
NavEcho acquisition and processing of its information is
useful to reposition image acquisition within the same
cardiac cycle, although the temporal resolution of this
process is fairly low given the heart’s continuous move-
ment in 3D space. It is not surprising that the NavEcho
has limited usefulness in improving coronary MRA be-
yond the current 3mms3 resolution. Yet a different problem
with using NavEchoes is that people with diseased hearts
typically do not have predictable or reproducible respira-
tory motion or cardiac motion and, consequently, the
NavEcho methods have poor accuracy in predicting po-
sition and timing. Thus, the NavEcho works less well in
the patient population for which a highly accurate NavE-
cho for coronary MRA is most desired.

[0007] In a known method disclosed in US5032793,
an ultrasonic signal is transmitted towards the heart to
detect the position of the heart on the basis of the time
of detection of a peak of an echo signal. Excitation and
measurement of an NMR signal are executed only when
a peak detector generates an output having a level in-
cluded in a predetermined range.

[0008] The idea of image fusion has been proposed
for functional MRI (fMRI) and magnetoencephalography
(MEG) whereby information is taken from each and com-
bined in an image display. Spatial distribution of fMRI
information can give a map of where brain activation oc-
curs but at very low temporal resolution, down to half a
second temporal resolution in some experiments. The
MEG instead has very high temporal resolution, less than
50ms, but it has less well defined spatial localization.
Digital image maps are often displayed in color and show
information from the MEG and fMRI combined in a 'fusion
image’.

[0009] It would be desirable to find a way to guide MRI
imaging prospectively, retrospectively, or both, or sub-
stantially in real time, in a way that would provide real
time or near real time guidance, would not interfere with
the MRI signal needed for imaging the organs of interest,
and would be convenient to implement and use, but no
known technique existed to meet those goals well.

Summary
[0010] Aspects and embodiments of the invention are

set out in the accompanying claims.
[0011] In a preferred embodiment, ultrasound is used
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to guide MRI imaging in a variety of ways. Ultrasonogra-
phy (US) is a technology that can obtain cine 2D images
of the heart at a frame rate of over 20-30 frames per
second. The US signal is essentially based on a sound
wave energy, not electromagnetic wave energy, and is
not received by the radiowave tuned receiver coils of an
MRIscanner. It has been discovered that US can be used
to make 2D cine-images of the heart within an MRI scan-
ner while a person is undergoing an MRI scan. A useful
MRI signal can be acquired while an US transducer is
positioned on the body, in the magnet, and even while
the US image is being made, without interference be-
tween the US and MR signals and without either affecting
the other in an undesirable manner.

[0012] The 2D US images are interpreted by computer
algorithms rapidly to determine the position of, e.g., the
heart. The US information on the heart position is directly
translated into computer control parameters of the MRI
pulse sequence to guide or otherwise affect the next ac-
quired MRI signal. For example, the angle and displace-
ment of position, and also possibly the velocity of dis-
placement of a heart wall, is measured in consecutive
US frames. These US derived parameters are either
translated into MRI parameters, or sent into the MRI con-
trol program where they are translated into their corre-
sponding MRI parameters of RF pulse frequency offsets
and gradient amplitudes in the selective excitations,
phase shifts and/or other parameters to cause changes
in the MRI pulse sequence. With these updated param-
eters, the new position of the heart or of a specific region
of interest in the heart is translated into an angulation
and displacement of the subsequently acquired MRI im-
age volume. The US information can be updated every
fraction of a cardiac cycle, e.g., every 40 ms, and can be
used in the MRI signal acquisition for effectively moving
the image volume to the new positions of the heart or to
extrapolate in time where the heart will be located some
period of time, e.g., 50 ms later, at the time of the MRI
signal acquisition. This in effect makes MR imaging track
the position of the heart using a priori information from
US images.

[0013] Various predictive algorithms can be used to
extrapolate or predict the position of the heart so as to
effectively maintain the coronary artery, or some other
part of the heart or of some other moving organ, in the
same position with respect to the MR image volume. The
reference frame of the MR image volume is determined
from the coordinates obtained from the US data, and no
longer held constant in position on the magnetic gradi-
ents. The above described acquired final data set of MR
dataisthen 3D FT processed to create an MR angiogram
of the coronary artery, or an image of some other organ,
at higher spatial resolution and with greater accuracy
since motion artifacts caused by the stationary image
acquisition are removed or at least significantly reduced
by the US tracking and guiding process. More image data
is acquired in a given time since less data needs to be
rejected. Therefore, there is a net increase in signal, the
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dependent SNR and image resolution. There are less or
no artifacts due to changes in heart or other organ posi-
tion during the MRI acquisition because the US guidance
repositions the image volume to the new position of the
heart or other organ being imaged by MR.

[0014] The above description is just one possible ex-
ample of improving MRI images by using US data ob-
tained in the magnet during an MRI procedure or while
scanning is being performed. Another approach is to use
US images to determine when cardiac motion exceeds
a set limit on wall motion or displacement, then to stop
the MRI acquisition until the heart again moves into the
acceptable positional range at which time there is con-
tinuation of signal acquisition.

[0015] The plane of the US image is determined by the
angle, location and possible movement of the US trans-
ducer system placed near or on the body. The US probes
can be held in position by a mechanical arm connected
to the magnet-gradient system or by clamping or other-
wise securing the transducer to the body. In order to
translate information accurately from US coordinates to
MRI coordinates, the location and orientation of the US
transducer system can be determined in the coordinate
system of the magnetic gradients. This can be achieved
by laser positioning of the transducer so that the exact
position and orientation of the transducer system is
known. As another example, MRI markers can be placed
on or at the US probe, such as oil containing capsules.
With an initial MRI scan to locate these markers in 3D
space, the location and orientation of the probes can be
defined in the MRI coordinate system. Yet another meth-
od of registering the transducer position and orientation
is to use the US image and an MRI image, and varying
the angle and/or position of one or the other or both until
they are co-registered in the same plane.

[0016] Most of the ultrasound system, including its
computer, typically can be located at a safe distance from
the magnet to avoid undesirable magnetic field effect to
or by the machine. The US system can be shielded to
keep electronic noise generated thereby from affecting
the MR receiver. The US machine can be located outside
ofthe magnet room and outside of the RF shielding. Fiber
optic cables or other suitable signal carriers can be fed
through a waveguide filter through the RF shielding. Cer-
tain US transducer, commercially available, may create
excessive electronic noise. The US transducer frequency
can be chosen so as not to create RF frequency in the
spectrum of the frequency of the MRI signal. Such pre-
cautions can ensure US generated noise is minimized
and/or not received by the MRI receiver system. Hard-
ware modification of metals in the US transducer can
further reduce any possible generation of RF noise when
the transducer is operating within the scanner. Thus US
images can be created while the MRI receiver ADC is
recording MRI data. It is also possible to gate the US
transducer so as to switch it on only at times when the
MRI receiver switch is turned off. This can be achieved
by sending timing information on ADC sampling from the
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MRI pulse sequence to the US device operating the US
probe. ltis possible for a single computer to operate both
the US and the MRI scanner and to send information
between the two imaging modalities to seamlessly inte-
grate the operation of the two different scanners.
[0017] The US images useful for MRI guidance need
not be of any particular geometry or of any particular
transducer geometry. A fan beam or pencil beam or a
rectilinear transducer can be used. Similarly, the MRI im-
age is not restricted to a 3D image. The MRI image can
be 1D, 2D, 3D multi-slice or multi-3D slab volumes. The
MRI image can be a phase or magnitude image, and
there can be additional gradient pulses involved in en-
coding velocity in the phase image and data.

[0018] The US guided MRI can be used to image other
organs, advantageously organs that move, such as the
liver, kidneys or pancreas. The US image can directly
track the position of these organs or it can be used to
track the diaphragm or other reference organ with corre-
lated motion. Furthermore, the US can acquire Doppler
velocity measurements on vessels and this information
can be used to adjust parameters in the MRI data such
as the velocity encoding gradient pulses, e.g., the 'venc’
of a bipolar pulse.

[0019] The US image of the heart or other organ of
interestis processed to extractthe MRI useful information
in a time efficient manner and with necessary accuracy
toyield an effective adjustment in MRI parameters. It can
be desirable to first adjust the limits of a feature detection
algorithm for each patient in order to achieve the above.
Given the real-time or cine US imaging that can detect
cyclic variations in the heart or other organ, the region of
interest and limits in a detection program can be set with
acceptable bounds for the actual MRI data collection. For
example, the US image is oriented to show the length of
the anterior wall of the left ventricle and the contraction
displacements of the wall are seen as ventricle displace-
ments of the entire wall. An edge detection algorithm can
look at a limited segment of the wall for decreased com-
putation time, or use the average position of the wall for
improved SNR and decreased computation time. Several
different parameters can be used simultaneously with
different weightings. The parameters can be changed at
different expected times in the cardiac cycle, so that dif-
ferent levels of decision making can be incorporated into
the algorithm, such as using a new MRI position in the
diastolic phase or rejecting data when displacements ex-
ceed a certain range in systolic phase. Similarly, the al-
gorithm can be reversed in effect to obtain only a systolic
phase for MRI data acquisition.

[0020] The US detection can involve one transducer
or multiple transducers. The US data can be of any form,
including 1D, 2D or 3D images and any of the several
known US modes. It is possible to use only the raw US
source data, or partially processed US data, for the MRI
parameter changes, without forming a conventional US
image.

[0021] The US images and probes can have known
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positions and/or orientations in the MRI system coordi-
nates through different means. A gel or water bag can
be used between the US transducer and the body, in
acoustic contact with each, as an acoustic window on
the body and also to isolate the motion of the body from
the probe. The US transducer can be in a known fixed
position and/or orientation in the magnet using mechan-
ical rods to secure the transducer to a stationary object.
A US transducer can be directly attached to the body and
its motion can be tracked in real time using a laser track-
ing device, a mechanical string(s) device which meas-
ures the length of a string or strings between the trans-
ducer and a point or points on a coordinate axis direction,
or some other localization system can be used, such as
commercially available systems that have a moving part
on the US transducer communicating via another US sig-
nals with a fixed part secured to the magnet or another
object. It is desirable to eliminate sources of electronic
noise from the transducer tracking or positioning devices
within the magnet or even near the magnet which could
lead to image artifacts.

[0022] While the application to imaging the heart and
its coronary arteries is important and useful, the technol-
ogy can be applied to almost any other part of the body
that moves due to causes such as respiratory or cardiac
cycles or for any other reason. The US arrangement can
image the heart or other organs in a continuous movie
frame way that can be referred to as real time imaging.
The US image or data is processed in a computer to
produce time varying parameters of displacement, an-
gulation or distortions or velocity or accelerations in mo-
tion. These US-based parameters are used directly in
the MRI control computer program, or they are trans-
formed into MRI specific parameters to modify the pulse
sequence, the timing of the pulse sequence, or the se-
lection of data to be used in k-space. The US parameters
can also be stored and used to modify the phase, or am-
plitude or to perform modification or replacement of k-
space data, after the data is acquired. When the MRI
pulse sequence is altered to eliminate motion dependent
changes in the k-space data, the FT image has improved
spatial resolution with decreased blurring and elimination
of ghost artifacts. The continuous US guiding method
applied throughout the MR imaging can be used to permit
imaging during respiration and during a larger fraction of
the cardiac cycle. Not only will the US guiding give im-
proved co-registration in data taken at different time
points, but it will also permit utilization of a larger fraction
of MRI or MRA data per total imaging time, or less rejec-
tion of data. Also, the US guiding will permit a longer
acquisition time in which additional data is acquired for
higher spatial resolution in the image or angiogram. It is
also possible to coordinate the timing between the MRI
ADC sampling and the acquisition of the US data in order
to prevent US machine generated noise during the ADC
time sample window to prevent potential image artifacts.
It is also possible to modify the US transducer switch to
eliminate noise so that the US images can be acquired
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continuously and simultaneously during the MRI data ac-
quisition. Because there is no undesirable coupling or
interaction between the NMR relation parameters and
the radiowave signal with the sound wave transmissions
and reflections, both US and MRI imaging can be per-
formed in the same locations at the same time without
undesirably affecting either the US or MRI signals. The
US can produce 1D to 3D spatial information in a cine
acquisition to be used for MRI guidance. The US data
can be analyzed in a separate computer processor then
ported into the MRI control computer, or the US process-
ing and MRI control program can be within the same com-
puter for faster utilization of US data and decreased delay
time in the guidance system.

[0023] The entire guidance system can be reversed in
pathway so that the MRl is guiding the US imaging or US
measurements. In this system, a parameter of displace-
ment, velocity, or acceleration is measured in a rapidly
acquired 1D or 2D MRI image which can be repeated in
a continuous cine MRI imaging scheme. The MRI infor-
mation is fed into spatial coordinates, as one example,
which are used to modify the position and/or orientation
of the US transducer. Also, the MRI image can be used
to detect signal intensity changes due to passage of a
bolus of contrast agents. The MRI can be used to detect
changes in the intensity of signals for an organ due to
contrast agents. These detected signal changes can be
used to trigger, adjust or reposition the US imaging sys-
tem. The known timing between MRI signal changes and
US signal changes, in itself, can be used to simultane-
ously modify image acquisition from the two different im-
aging measurements.

Brief Description of the Drawing
[0024]

Fig. 1is a flow chart illustrating the use of cine ultra-
sound (US) imaging combined with MR angiography
of coronary arteries.

Fig. 2 illustrates an ultrasound probe (transducer)
placed on a person within a magnet during MRl scan-
ning and US scanning. The US signal is fed to com-
puters that modify and improve the MRI imaging
process.

Fig. 3 illustrates MRI signals or gating timing altering
the MRI signal and the US imaging.

Fig. 4 illustrates a cross section of an MRI scanner
using N number of US probes.

Fig. 5a illustrates a cross section of an MRI scanner
using two US probes placed on interfaces that de-
couple body motion from the probes, with the probes
placed to give two images at an angle of the same
region of the heart’s left ventricle (LV), for motion
information in three dimensions in real-time.

Fig. 5b illustrates utilization and processing of US
information obtained with two probes as shown in
5a, where two US recording machines are used for
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guiding MRI imaging, and where the US machines/
devices can be placed within the scanner room if RF
filtering is not needed or if RF filtering can be accom-
plished by other means such as an enclosed copper
box around the US machines.

Fig. 6 illustrates an example of how two consecutive
cine frames of US images can be used with only a
single transducer in the system of Figs.5a and/or 5b
to measure a displacement of the heart (delta r and
dashed circle) and to cause a matching displace-
ment in the MRI image volume.

Fig. 7 illustrates US probes (transducers) placed in
direct contact with a body, where the probes’ posi-
tions and orientations are known in real time from
mechanical transducers of probe position or by laser
interfaces that measure the probe position and ori-
entation.

Fig. 8 illustrates recording of US data during MRI
data acquisition in a process in which the US data
is used to determine how the MRI data should be
used in MRI image reconstruction.

Fig. 9 illustrates recording of US data during MRI
data acquisition used in another way to determine
how to reconstruct an MRI image.

Fig. 10 illustrates US guidance of an MRI scanner
during multiple breath holding periods.

Fig. 11 illustrates concurrent acquisition of US and
MRI data and a fusion thereof into a composite dis-

play.
Detailed Description

[0025] Fig. 1 illustrates a process using an ultrasound
(US) system of the type that is commonly used for ultra-
sound imaging of internal organs such as the heart but
is modified so it can be used in an MRI environment. For
example, any part of the US system that can generate
radio frequency (RF) interference with the MRI system
is suitably shielded electrically to prevent undesirable RF
emissions, and any part of the US system that could be
undesirably affected by the MRI’'s magnetic field is made
of non-magnetic materials and/or is suitably shielded
magnetically.

[0026] The US system is used as is conventional with
such systems to form US images of the heart at a position
and orientation in a defined coordinate system that
matches that of the MRI system. Using known edge de-
tection algorithms and, if needed, a designation by an
operator of a point or line on an US image displayed on
a monitor, a suitably programmed computer processes
the US images to detect the position of a relevant portion
of the heart essentially in real time. For example, the
instantaneous position of a particular coronary artery
might be of interest in a given case, and this is what the
computertracks through the realtime US images. In other
cases, the position of a point or area on the heart wall
may be of interest, and this is what is tracked through
the US images. Positional information derived from track-
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ing through the US images is provided to the MRI system,
for example to serve in making relevant changes in the
MRI pulse sequence that is used, in order to make sure
that the MRI system acquires MRI data from a volume
thatincludes the tracked portion of the heart, despite mo-
tion of that portion relative to the MRI magnet and coils.
Stated differently, the MRI parameters are changed es-
sentially in real time such that the portion of the heart that
is of interest in the given case and the MRI coils involved
in the collection of MRI data appear to be fixed relative
to each other despite the heart motion. The flow chart of
Fig. 1 illustrates steps in this process in an appropriate
sequence, showing that the position data from an US
image derived in step A is used to alter an MRI pulse
sequence accordingly, and after step F another US im-
age is used for more changes in the MRI pulse sequence
to take into account the newly US-imaged position of the
heart portion of interest.

[0027] The position information obtained through the
US measurements or imaging in step C in Fig. 1 can be
used for one or more of: (1) changing the position of the
MI imaging volume so it includes the organ portion of
interest despite positional changes of that organ portion
relative to the MR magnet; (2) rejection Ml signals if heart
contraction occurs and is detected through the US sys-
tem; (3) rejecting MRI data if the organ portion of interest
has moved outside a desirable range in position; and (4)
changing the phase of the MRI signal.

[0028] In Fig. 2, an US probe that can comprise one
or more US transducers is acoustically coupled with the
body of a personinan MRI scanner. The US probe meas-
ures parameters such as the position, orientation, veloc-
ity and/or morphological changes in an organ of interest
such as the heart of some other organ, using known US
methods and edge designation and detection methods.
Information related to the parameters measured with the
US probe in real time is delivered at unit A to a computer
that processes it to make it useful for altering MRI pa-
rameters in a way to essentially remove the effect of mo-
tion of the heart or other organ of interest on the MRI
image. Inresponse to this information regarding changes
in MRI parameters, unit A sends appropriate MRI control
parameters to the MRI system to effectively maintain the
imaging volume at the moving organ of interest. In addi-
tion, MRI parameters and/or MRI data can be used at
unit B to control the US probe and/or US system, for
example to generate an US image at a time matching an
MRI pulse sequence of some other MRI event or param-
eter.

[0029] In Fig. 3, a number of US probes P1 through
Pn are acoustically coupled with a biological structure
(e.g., a patient) in an MRI scanner and provide US infor-
mation to a US data processing device that is coupled
with or integrated with an MRI control computer. This
device/computer responds to the US information from
the probes to control the MRI scanner, and the MRI scan-
ner in turn provides MRI data acquisition signals and/or
gating timing to the same device/computer for processing
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into MRI images and/or control purposes.

[0030] In Fig. 4, a number of US probes P1 through
Pn are acoustically coupled with a body in an MRI scan-
ner and each is coupled in two way communication with
arespective US device to receive controls therefrom and
to provide US data from the body thereto. The US devices
can be known devices that control US transducers and
process US data for US imaging or other purposes, and
they in turn provide information based on the input thereto
from the US probes to a computer that converts it to in-
formation for controlling MRI parameters. This informa-
tion is supplied to an MRI hardware control that in turn
supplies control signals to the MRI scanner to control its
operation such that the active MRl imaging volume tracks
the motion of the organ of interest essentially in real time.
[0031] InFig.5a, an MRIscanner 1 illustrated in cross-
section has a patient table 2 supporting a person 3 whose
heart 4 is being imaged with an US probes 5 and 6 that
can emit fan beams of US energy in direction perpendic-
ular to each other or at some other angle to each other.
A spacer such as a soft gell bag can acoustically couple
the US probes to the person. Fiber optic cables 8 can
connect the probes to the outside to deliver information
from and to the probes, and power can be supplied to
the probes through suitably shielded connections. An RF
filter 9 can be used to reduce RF interference with the
MRI scanner. Mechanical arms 10 can couple the probes
to the MRI scanner to follow the motion and orientation
of the probes relative to the scanner, or some other sys-
tem, such as an acoustical or optical tracking system,
can be used to provide information regarding the current
position and orientation of the probes. This position and
orientation information is used to ensure that the beams
of US energy and the MRI volume of interest match in
space so that the US information can be used to guide
the MRI data acquisition such that it acquires data from
the same portion of the same organ despite relative mo-
tion between the magnet and the organ.

[0032] In Fig. 5b, which connects to the illustration of
Fig. 5a through the same RF filter, as illustrated, US de-
vices A process the US data from probes 5 and 6 and
provide US image information to create and display a
respective image from each probe at a display device B
and/or to provide signals directly to an edge detection
computer program or device C. Information regarding the
current position of an organ of interest derived from the
US information by program or device C, such as displace-
ments of the organ of interest in space and velocities of
such displacements, is supplied to MRI control programs
or devices D that in response generate altered scan pa-
rameters such as gradient coil controls and RF pulse
controls that ensure that the MRI imaging volume tracks
the moving organ of interest. The US derived parameters
provided by program or device C can include parameters
describing displacement of the organ of interest (e.g.,
AX.Ay, Az), velocity information regarding movement of
the organ of interest (e.g., V, ,Vy ,V,), and/or position
information regarding the organ of interest.
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[0033] In Fig. 6, the heart motion of a patient between
two US measurement is designated by the vector Ar and
the corresponding altered MRI scan parameters are il-
lustrated at the right hand side as frequency changes Af,
and delta Af, for the 90° and 180° RF pulses of an MRI
pulse sequence. These frequency changes change the
position in space of the MRI imaging volume by the same
vector Ar to track the position of the heart with the MRI
scan volume. The letters A through D designate succes-
sive US images, where the heard displacement Ar is the
displacement from one of these images to the next. The
displacement of an MR the imaging volume of interest is
illustrated as the change from the solid lines to the dash
lines at upper right in Fig. 6.

[0034] Fig. 7 illustrates an MRI system in which US
probes P1 through Pn are tracked with laser beams from
emitters secured to the MRI scanner so that the positions
and orientations of the US probes can be determined in
real time relative to the MRI scanner as the probes may
move in space, for example if they are directly coupled
with a patient and breathing motion moves the probes
relative to the MRI scanner. The US probe positions are
tracked with laser position monitors which update the ref-
erence frames of the probes in a computer in the illus-
trated US device to which the US probes are connected.
[0035] In Fig. 8, US data and MRI data are recorded
during MRI data acquisition and then decisions are made
based on the US data to accept or reject MRI data for
MRI image reconstruction. The accepted MRI data are
used in further processing for image reconstruction. As
illustrated, US and MR data of a patient body are acquired
concurrently, with one or more US probes whose position
relative to the MRI magnet and hardware is tracked via
a probe holding device. The US data s initially processed
atan US device and then delivered to the MRI computer,
which also receives the MR data from the same patient.
Both the US data and the MRI data are stored, keeping
track of temporal correspondence therebetween. The US
signal that is stored can be one or both of US images
taken at respective times or other US measurements that
relate to positions of the relevant patient organ at different
times. If a selected range of acceptable positions of the
body organ of interest relative to the MR magnet are pre-
set, the US signal can be processed to mark US signals
acquired when the body organ is outside the expected
positional range. In Fig. 8, these US signals are marked
with the symbol "*" and correspond in time to respective
MRI signals. Those MRI signals can be disregarded
when using FT or some other method to form an MR
image from the stored MRI data.

[0036] In Fig. 9, US and MRI data from a body (a pa-
tient) also are acquired and recorded, preferably concur-
rently, using an MRI scanner and one or more US probes
as earlier discussed. The US data is evaluated in the
illustrated US device and/or MRI computer for a displace-
ment vector Ar, which in turn is used to modify the phase
and/or amplitude of the MRI data acquired at or near the
time of a corresponding US image or set of US data,
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using the illustrated MRI computer. The modified MRI
data is used to reconstruct an MRl image. As illustrated,
if the heartis the organ of interest, US images of the heart
are obtained in time intervals T4, T,, T3, ..., T,, and corre-
sponding MRI signals are acquired in the same time in-
tervals. The US data can be used to image the heart in
each of the data acquisition time intervals. If the center
of each US image is identified with the marker "+" and
the distance from this marker to a selected portion of the
heartis measured as the displacement vector Ar, a phase
shift and/or an amplitude modulation of the time-related
MRI data can be carried out, and the so-shifted or mod-
ified MRI data can be used to reconstruct one or more
MRI images using known reconstruction algorithms.
[0037] In Fig. 10, US data is used to guide an MRI
scanner during multiple breath holding periods of k-space
data acquisition. In this example, the position of the dia-
phragmis measured in the US image in each breath hold-
inginterval. The displacement vector Ar representing dis-
placement of the diaphragm between breath holding pe-
riods is used to alter parameters in the MRI control com-
puter, which in turn alter the location of other features of
subsequent MRI signals. As illustrated in this example,
a patientis in an MRl magnet and one or more US probes
measure the location of a selected part of the patient’s
diaphragm with respect to a reference fixed relative to
the magnet. The US data is delivered to the illustrated
US device, which produces an US image for each breath
holding interval during which MRI data is acquired. Two
such breath-hold images are illustrated - B.H. 1 and B.H.
2. As illustrated by the respective arrows in each US im-
age, the patient’s diaphragm is at a different positions,
displaced by a displacement vector Ar from one image
to the other. The Ar displacement information is delivered
to the illustrated MRI control computer, which calculates
and implements corresponding corrections AG, A®, and
ARF in the magnetic gradients, phase and radio frequen-
cy pulses such that the MR imaging volume is at the
correct position in space inthe magnettoimage the organ
of interest in each breath holding period, or to repeat the
MRI signal.

[0038] In Fig. 11, US and MRI data are concurrently
acquired. Resulting US and MRI images are fused into
a composite image. As illustrated, a body is in an MRI
scanner, on a suitable patient table, and one or more US
probes are used to derive information for one or more
US images while the MRI scanner is used to derive data
for one of more MR images. The illustrated US device
produces the desired image(s) while the illustrated MRI
computer produces the desired MR image(s). The two
types of images are fused (combined) into a single dis-
played image, in a display device provided with toggling
capability so that the user has the choice of viewing the
combined image or either of the MR and US images.
[0039] While specific examples have been illustrated
above, it should be clear that many more examples will
be apparent to those skilled in the art
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Claims

1. A process of acquiring ultrasound and MRI data of
a patient (3) in an MRI scanner (1) having animaging
volume, comprising:

acquiring ultrasound data indicative of a chang-
ing position of a body organ (4) relative to an
MRI scanner;

acquiring MRI data from the body organ sub-
stantially concurrently with the acquisition of the
ultrasound data; and

using the ultrasound data to automatically guide
the acquisition of the MRI data by generating
altered scan parameters that cause the MRI im-
aging volume to track the moving organ.

2. A process as in claim 1 in which the acquiring of
ultrasound data comprises using an ultrasound de-
vice (5, 6) to generate position data identifying a po-
sition of the organ as said organ moves in space
relative to a selected coordinate system, and the ac-
quiring of MRI data comprises using an MRI device
to receive said position data and image a volume
that moves in space in a motion related to said po-
sition data.

3. A process as in claim 1 in which the acquiring of
ultrasound data comprises acquiring sets of position
data related to positions of a selected patient organ
at respective times, and said acquiring of MRI data
comprises acquiring sets of MRI data related to re-
spective ones of said sets of position data, wherein
each of at least some of said sets of MRI data is
acquired for an imaging volume defined at least on
the basis of a respective set of said position data.

4. Aprocess as in claim 3 in which (a) a set of position
data is acquired and used to position an imaging
volume for an acquisition of a set of MRI data, then
(b) another set of position data is acquired and used
to position an imaging volume for an acquisition of
MRI data, and steps (a) and (b) are repeated until a
desired number of sets of MRI data are acquired.

5. Aprocess asinclaim 1inwhich the MRI data is used
to form at least one MRI image and the ultrasound
data is used to guide acceptance or rejection of ac-
quired MRI data in said MRI image forming.

6. Aprocessasinclaim5in which said ultrasound data
is used to reject MRI data that corresponds to ultra-
sound data indicating that a selected patient organ
is outside a selected range of positions in space.

7. Aprocess asinclaim 1in which said ultrasound data
is used to change at least one of an imaging volume
for which the MRI data is acquired, and pulse se-
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quence parameters for said acquiring of MRI data.

A process as in claim 1 in which said ultrasound data
is used to change a phase parameter in said acquir-
ing of MRI data.

A process as in claim 1 in which said acquiring of
MRI data includes using at least one selected pulse
sequence and further comprising using selected pa-
rameters of said at least one pulse sequence to con-
trol the acquiring of said ultrasound data.

A process as in claim 1 in which said acquiring of
ultrasound data comprises using a plurality of ultra-
sound transducer assemblies spaced from each oth-
er along the patient and acoustically coupled to the
patient to transmit ultrasound energy along beam
paths at an angle to each other.

A process as in claim 1 in which the acquiring of
ultrasound data comprises forming ultrasound imag-
es of patient anatomy.

A process as in claim 11 in which said forming of
ultrasound images comprises forming said ultra-
sound images at a rate exceeding 10 images per
second.

A process as in claim 11 including using edge de-
tection processing to identify and track motion in
space of a selected patient organ at times related to
said acquiring said MRI data.

A process as in claim 11 further including forming an
MRI image and displaying a fused image related to
a combination of said ultrasound and MRI images.

A process as in claim 1 in which the ultrasound data
is used to remove or correct for effects of a moving
patient organ in using the MRI data to form MRI im-
ages.

A process as in claim 1 comprising using said ultra-
sound datato alter at least one of amagnetic gradient
amplitude, a magnetic

gradient phase, a radio frequency pulse, and a rep-
etition of MRI data acquisition in said MRI unit.

A process as in claim 1 in which said acquisition of
ultrasound data includes tracking the positions and
orientations relative to the MRI scanner of one or
more ultrasound probes that are coupled with the
patient.

A process as in claim 1 in which said organ is a car-
diac artery.

A process as in claim 1 in which said organ is a se-
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16
lected portion of the diaphragm.

A process of acquiring ultrasound and MRI data of
a patient (3) in an MRI scanner (1) and using the
MRI data to guide the acquisition of ultrasound data,
comprising:

acquiring MRI data in a continuous cine MRl im-
aging scheme ;

using the MRl datato trigger, adjust or reposition
an ultrasound imaging system that images the
patient

An MRI/ultrasound system comprising:

means (5, 6) for acquiring ultrasound data and
means (1) for acquiring MRI data from a patient
in an MRI unit;

means (A, B, C, D) for processing the ultrasound
and MRI data; said processing means compris-
ing means (D) for generating from said ultra-
sound data, control information to control said
means for acquiring MRI data to track a moving
organ, said control information including scan
parameters that ensure that an MRl imaging vol-
ume tracks the moving organ; and

said processing means further including means
for forming and displaying at least one of an ul-
trasound image and an MRlimage of the patient.

An MRI/ultrasound system as in claim 21 in which
said means for processing generates motion data
from the ultrasound data related to motion in space
of the patient organ, and said means for generating
control information uses said motion data to control
at least one of the acquisition of MRI data and form-
ing of the MRI image.

An MRI/ultrasound system as in claim 21 in which
the means for forming and displaying comprises a
means for displaying a fused image of said ultra-
sound image and said MRI image.

Patentanspriiche

1.

Verfahren zum Erfassen von Ultraschall- und MRT-
Daten eines Patienten (3) in einem MRT-Scanner
(1), der ein Tomographievolumen aufweist, welches
Folgendes umfasst:

das Erfassen von Ultraschalldaten, die eine sich
verandernde Position eines Koérperorgans (4)
relativ zu einem MRT-Scanner anzeigen;

das Erfassen von MRT-Daten von dem Korper-
organ im Wesentlichen gleichzeitig mit dem Er-
fassen der Ultraschalldaten; und

das Verwenden der Ultraschalldaten zum auto-
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matischen Fuhren der Erfassung der MRT-Da-
ten durch Erzeugung veranderter Scanparame-
ter, die veranlassen, dass das MRT-Tomogra-
phievolumen das sich bewegende Organ ver-
folgt.

Verfahren nach Anspruch 1, wobei das Erfassen von
Ultraschalldaten das Verwenden eines Ultraschall-
gerates (5, 6) zum Erzeugen von Positionsdaten, die
eine Position des Organs identifizieren, wenn sich
das Organ im Raum relativ zu einem ausgewahliten
Koordinatensystem bewegt, umfasst, und wobei das
Erfassen von MRT-Daten das Verwenden eines
MRT-Gerates zum Empfangen der Positionsdaten
und zum Abbilden eines Volumens, das sich im
Raum in einer Bewegung bezogen auf die Positions-
daten bewegt, umfasst.

Verfahren nach Anspruch 1, wobei das Erfassen von
Ultraschalldaten das Erfassen von Positionsdaten-
satzen bezogen auf Positionen eines ausgewahlten
Patientenorgans zu entsprechenden Zeiten um-
fasst, und wobei das Erfassen von MRT-Daten das
Erfassen von MRT-Datensatzen bezogen auf ent-
sprechende Positionsdatensatze umfasst, wobei je-
der von mindestens einigen der MRT-Datenséatze fir
ein Tomographievolumen erfasst wird, das minde-
stens auf der Grundlage eines entsprechenden Po-
sitionsdatensatzes definiert ist.

Verfahren nach Anspruch 3, wobei (a) ein Positions-
datensatz erfasst und verwendet wird, um ein To-
mographievolumen flr eine Erfassung eines MRT-
Datensatzes zu positionieren, dann (b) ein weiterer
Positionsdatensatz erfasst und verwendet wird, um
ein Tomographievolumen fiir eine Erfassung von
MRT-Daten zu positionieren, und die Schritte (a) und
(b) wiederholt werden, bis eine gewiinschte Anzahl
an MRT-Datenséatzen erfasst wurde.

Verfahren nach Anspruch 1, wobei die MRT-Daten
verwendet werden, um mindestens ein MRT-Abbild
zu erzeugen, und die Ultraschalldaten verwendet
werden, um die Annahme oder Ablehnung erfasster
MRT-Daten bei der MRT-Bilderzeugung zu flhren.

Verfahren nach Anspruch 5, wobei die Ultraschall-
daten verwendet werden, um MRT-Daten abzuleh-
nen, welche Ultraschalldaten entsprechen, die an-
zeigen, dass sich ein ausgewahltes Patientenorgan
aulerhalb eines ausgewahlten Positionsbereiches
im Raum befindet.

Verfahren nach Anspruch 1, wobei die Ultraschall-
daten verwendet werden, um mindestens entweder
ein Tomographievolumen, fir das die MRT-Daten
erfasst werden, oder Impulsfolgeparameter fiir die
Erfassung von MRT-Daten zu &ndern.
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Verfahren nach Anspruch 1, wobei die Ultraschall-
daten verwendet werden, um einen Phasenparame-
ter bei der Erfassung von MRT-Daten zu andern.

Verfahren nach Anspruch 1, wobei das Erfassen von
MRT-Daten das Verwenden mindestens einer aus-
gewahlten Impulsfolge beinhaltet, und welches fer-
ner das Verwenden ausgewahlter Parameter der
mindestens einen Impulsfolge zum Steuern der Er-
fassung der Ultraschalldaten umfasst.

Verfahren nach Anspruch 1, wobei das Erfassen von
Ultraschalldaten das Verwenden mehrerer Ultra-
schallwandlerbaugruppen, die voneinander entfernt
entlang des Patienten verteilt und akustisch mit dem
Patienten gekoppelt sind, umfasst, um Ultraschall-
energie entlang von Strahlenwegen in einem Winkel
zueinander zu Ubertragen.

Verfahren nach Anspruch 1, wobei das Erfassen von
Ultraschalldaten das Erzeugen von Ultraschallbil-
dern der Patientenanatomie umfasst.

Verfahren nach Anspruch 11, wobei das Erzeugen
von Ultraschallbildern das Erzeugen der Ultraschall-
bilder mit einer Geschwindigkeit umfasst, die 10 Bil-
der pro Sekunde ubersteigt.

Verfahren nach Anspruch 11, welches das Verwen-
den einer Kantenerkennungsverarbeitung zum
Identifizieren und Verfolgen von Bewegung eines
ausgewahlten Patientenorgans im Raum zu Zeiten
bezogen auf das Erfassen der MRT-Daten beinhal-
tet.

Verfahren nach Anspruch 11, welcher ferner das Er-
zeugen eines MRT-Bildes und Anzeigen eines Fu-
sionsbildes bezogen auf eine Kombination der Ul-
traschall- und MRT-Bilder beinhaltet.

Verfahren nach Anspruch 1, wobei die Ultraschall-
datcn verwendet werden, um Auswirkungen eines
sich bewegenden Patientenorgans bei der Verwen-
dung der MRT-Daten zum Erzeugen von MRT-Bil-
dern zu entfernen oder zu korrigieren.

Verfahren nach Anspruch 1, welches das Verwen-
den der Ultraschalldaten zum Verandern von min-
destens entweder einer Magnetgradientenamplitu-
de, einer Magnetgradientenphase, eines Funkfre-
quenzimpulses oder eine Wiederholung der MRT-
Datenerfassung in der MRT-Einheit umfasst.

Verfahren nach Anspruch 1, wobei die Erfassung
von Ultraschalldaten das Verfolgen der Positionen
und Ausrichtungen relativzum MRT-Scanner von ei-
ner oder mehreren Ultraschallsonden, die mit dem
Patienten gekoppelt sind, beinhaltet.



18.

19.

20.

21.

22,

23.

19 EP 1 389 949 B1 20

Verfahren nach Anspruch 1, wobei das Organ eine
Herzarterie ist.

Verfahren nach Anspruch 1, wobei das Organ ein
ausgewahlter Abschnitt des Zwerchfells ist.

Verfahren zum Erfassen von Ultraschall- und MRT-
Daten eines Patienten (3) in einem MRT-Scanner
(1) und Verwenden der MRT-Daten zum Fiihren der
Erfassung von Ultraschalldaten, welches Folgendes
umfasst:

das Erfassen von MRT-Daten in einem Dauer-
film-MRT-Bildgebungsschema;

das Verwenden der MRT-Daten zum Auslésen,
Anpassen oder Umpositionieren eines Ultra-
schallbildgebungssystems, welches den Pati-
enten abbildet.

MRT/Ultraschallsystem, welches Folgendes um-
fasst:

Mittel (5, 6) zum Erfassen von Ultraschalldaten
und Mittel (1) zum Erfassen von MRT-Daten von
einem Patienten in einer MRT-Einheit;

Mittel (A, B, C, D) zum Verarbeiten der Ultra-
schall- und MRT-Daten;

wobei das Verarbeitungsmittel Mittel (D) zum
Erzeugen von Steuerungsinformationen zum
Steuern des Mittels zum Erfassen von MRT-Da-
ten zum Verfolgen eines sich bewegenden Or-
gans aus den Ultraschalldaten umfasst, wobei
die Steuerungsinformationen Scanparameter
beinhalten, die sicherstellen, dass ein MRT-To-
mographievolumen das sich bewegende Organ
verfolgt; und

wobei das Verarbeitungsmittel ferner Mittel zum
Erzeugen und Anzeigen von mindestens entwe-
der einem Ultraschallbild oder einem MRT-Bild
des Patienten beinhaltet.

MRT/Ultraschallsystem nach Anspruch 21, wobei
das Mittel zum Verarbeiten Bewegungsdaten aus
den Ultraschalldaten bezogen auf Bewegung des
Patientenorgans im Raum erzeugt, und wobei das
Mittel zum Erzeugen von Steuerungsinformationen
die Bewegungsdaten verwendet, um mindestens
entweder das Erfassen von MRT-Daten oder das
Erzeugen des MRT-Bildes zu steuern.

MRT/Ultraschallsystem nach Anspruch 21, wobei
das Mittel zum Erzeugen und Anzeigen ein Mittel
zum Anzeigen eines Fusionsbildes des Ultraschall-
bildes und des MRT-Bildes umfasst.
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Revendications

Procédé d’acquisition de données d'ultrasons et
d’IRM d’'un patient (3) dans un appareil IRM (1) ayant
un volume d’'imagerie, comprenant les étapes con-
sistant a :

acquérir des données d’ultrasons indicatives
d’'une position changeante d’un organe corporel
(4) par rapport a un appareil IRM ;

acquérir des données IRM a partir de I'organe
corporel sensiblement simultanément avec I'ac-
quisition des données d'ultrasons ; et

utiliser les données d’ultrasons pour guider
automatiquement l'acquisition des données
IRM en générant des parametres de balayage
modifiés qui aménent le volume d’imagerie IRM
a suivre l'organe en déplacement.

Procédé selon la revendication 1, dans lequel I'ac-
quisition des données d’ultrasons comprend I'utili-
sation d’un dispositif a ultrasons (5, 6) pour générer
des données de position identifiant une position de
I'organe a mesure que ledit organe se déplace dans
I'espace par rapport a un systéme de coordonnées
sélectionnées, et I'acquisition de données IRM com-
prend ['utilisation d’'un dispositif IRM pour recevoir
lesdites données de position et imager un volume
qui se déplace dans I'espace dans un mouvement
relatif auxdites données de position.

Procédé selon la revendication 1 dans lequel l'ac-
quisition des données d’ultrasons comprend I'acqui-
sition de jeux de données de position relatives a des
positions d’'un organe de patient sélectionné a des
temps respectifs, et ladite acquisition de données
IRM comprend 'acquisition de jeux de données IRM
relatives a des jeux respectifs desdits jeux de don-
nées de position, ou chaque jeu d’au moins certains
desdits jeux de données IRM est acquis pour un vo-
lume d’imagerie défini au moins sur la base d'un jeu
respectif desdites données de position.

Procédé selon la revendication 3, dans lequel (a) un
jeu de données de position est acquis et utilisé pour
positionner un volume d’imagerie pour une acquisi-
tion d’'un jeu de données IRM, puis (b) un autre jeu
de données de position est acquis et utilisé pour po-
sitionner un volume d’imagerie pour une acquisition
de données IRM, et les étapes (a) et (b) sont répé-
tées jusqu’a ce qu’un nombre souhaité de jeux de
données IRM soit acquis.

Procédé selon la revendication 1, dans lequel les
données IRM sont utilisées pour former au moins
une image IRM et les données d’ultrasons sont uti-
lisées pour guider I'acceptation ou le rejet des don-
nées IRM acquises dans ladite formation d'image
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IRM.

Procédé selon la revendication 5, dans lequel lesdi-
tes données d’ultrasons sont utilisées pour rejeter
des données IRM qui correspondent a des données
d’ultrasons indiquant qu’un organe de patient sélec-
tionné est a I'extérieur d’'une plage sélectionnée de
positions dans I'espace.

Procédé selon la revendication 1, dans lequel lesdi-
tes données d'ultrasons sont utilisées pour changer
au moins l'un parmi un volume d’imagerie pour le-
quel les données IRM sont acquises, et des para-
métres de séquence d’impulsion pour ladite acqui-
sition de données IRM.

Procédé selon la revendication 1, dans lequel lesdi-
tes données d'’ultrasons sont utilisées pour changer
un parametre de phase dans ladite acquisition de
données IRM.

Procédé selon la revendication 1, dans lequel ladite
acquisition de données IRM inclut I'utilisation d’au
moins une séquence dimpulsion sélectionnée et
comprenant en outre I'utilisation de parametres sé-
lectionnés de ladite au moins une séquence d'im-
pulsion pour contréler I'acquisition desdites données
d’ultrasons.

Procédé selon la revendication 1, dans lequel ladite
acquisition de données d’ultrasons comprend I'utili-
sation d’'une pluralité d’ensembles transducteurs a
ultrasons espaceés les uns des autres le long du pa-
tient et couplés acoustiquement au patient pour
transmettre I'énergie ultrasonore le long de chemins
de faisceau selon un angle les uns par rapport aux
autres.

Procédé selon la revendication 1, dans lequel I'ac-
quisition de données d’ultrasons comprend la forma-
tion d’images ultrasonores de I'anatomie du patient.

Procédé selonlarevendication 11, dans lequel ladite
formation d’images ultrasonores comprend la forma-
tion desdites images ultrasonores a une cadence
dépassant 10 images par seconde.

Procédé selon la revendication 11, incluant I'utilisa-
tion d’un processus de détection de bord pour iden-
tifier et suivre un mouvement dans I'espace d’un or-
gane de patient sélectionné a des temps relatifs a
ladite acquisition desdites données IRM.

Procédé selon la revendication 11, comprenant en
outre la formation d’'une image IRM et l'affichage
d’'une image fusionnée relative a une combinaison
desdites images ultrasonores et IRM.
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Procédé selon la revendication 1, dans lequel les
données d’ultrasons sont utilisées pour éliminer ou
corriger des effets d’'un organe de patient en dépla-
cement par l'utilisation des données IRM pour former
des images IRM.

Procédé selon la revendication 1, comprenant I'uti-
lisation desdites données d’ultrasons pour modifier
au moins 'un parmi une amplitude de gradient ma-
gnétique, une phase de gradient magnétique, une
impulsion de radiofréquence et une répétition d’ac-
quisition de données IRM dans ladite unité IRM.

Procédé selon la revendication 1, dans lequel ladite
acquisition de données d’ultrasons inclut le suivi des
positions et orientations relatives a I'appareil IRM
d’une ou plusieurs sondes a ultrasons qui sont cou-
plées avec le patient.

Procédé selon la revendication 1, dans lequel ledit
organe est une artére cardiaque.

Procédé selon la revendication 1, dans lequel ledit
organe est une portion sélectionnée du diaphragme.

Procédé d’acquisition de données d’ultrasons et IRM
d’un patient (3) dans un appareil IRM (1) et d’utilisa-
tion des données IRM pour guider I'acquisition des
données d’ultrasons, comprenant les étapes consis-
tanta:

acquérir des données IRM dans un schéma
d’'imagerie IRM en mouvement continu ;
utiliser les données IRM pour déclencher, ajus-
ter ou repositionner un systéme d’imagerie a ul-
trasons qui image le patient.

Systéme IRM/ultrasons comprenant :

un moyen (5, 6) permettant d’acquérir des don-
nées d’ultrasons et un moyen (1) permettant
d’acquérir des données IRM d’'un patient dans
une unité IRM ;

un moyen (A, B, C, D) permettant de traiter les
données d’ultrasons et IRM ; ledit moyen de trai-
tement comprenant un moyen (D) permettant
de générer a partir desdites données d’ultra-
sons, des informations de contréle pour contré-
ler ledit moyen permettant d’acquérir des don-
nées IRM en vue de suivre un organe en dépla-
cement, lesdites informations de controle in-
cluant des parameétres de balayage pour s’as-
surer qu’un volume d’imagerie IRM suit 'organe
en mouvement ; et

ledit moyen de traitement incluant en outre un
moyen permettant de former et afficher au moins
'une d’une image ultrasonore et d’une image
IRM du patient.
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Systeme IRM/ultrasons selon la revendication 21,
dans lequel ledit moyen de traitement génére des
données de mouvement a partir des données d’ul-
trasons relatives a un mouvement dans I'espace de
I'organe du patient, et ledit moyen de génération d’in-
formations de contréle utilise lesdites données de
mouvement pour contréler au moins I'une de l'ac-
quisition de données IRM et de la formation de I'ima-
ge IRM.

Systeme IRM/ultrasons selon la revendication 21,
dans lequel le moyen de formation et d’affichage
comprend un moyen permettant d’afficher une ima-
ge fusionnée de ladite image ultrasonore et de ladite
image IRM.
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MRUULTRASOUND SCANNING

ULTRASOUND IMAGE OF HEART
IN DEFINED COORDINATE SYSTEM A.

COMPUTER-DETECT EDGE OF HEART B.
WALL WHERE CORONARY ARTERY LOCATED

PROVIDE MRI PULSE SEQUENCE CONTROL PROGRAM C.
WITH INFORMATION ON POSITION OF
HEART WALL (AND CORONARY ARTERY)

ALTER PULSE SEQUENCE
PER POSITION INFORMATION

ACQUIRE MRI SIGNAL FROM PULSE SEQUENCE
ALTERED TO IMPROVE IMAGE OF CORONARY ARTERY
{(OR CHANGE POSITION OF MRI IMAGING VOLUME, E
OR ACCEPT OR REJECT MRI DATA WHEN FORMING MRI IMAGE, )
OR CHANGE PHASE OF MRI, OR OTHERWISE USE POSITION
INFORMATION TO IMPROVE MRI IMAGE)

PULSE SEQUENCE CONTROL PROGRAM READY
TO RECEIVE ADDITIONAL CHANGES IN
PULSE SEQUENCE FROM REPETITION F.
OF STEPS A-E

REPEAT STEPS A-E AS NEEDED

FIG. 1
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ULTRASOUND SIGNAL
MEASURES POSITION, VELOCITY,
AND/OR MORPHOLOGICAL
CHANGES OF HEART OR

OTHER ORGAN OF INTEREST

A. COMPUTER RECEIVES INFORMATION FROM
ULTRASOUND AND USES IT TO ALTER TIMING,
POSITION OR OTHER PARAMETERS AFFECTING
THE MRI DATA ACQUISITION OR IMAGE
FORMING TO IMPROVE THE MRI IMAGE

AND/OR
B. COMPUTER CODE OF MRI PULSE SEQUENCE

IS USED TO CONTROL TIMING, TRIGGERING
OR POSITION OF ULTRASOUND TRANSDUCER(S)

A
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Fig. 5

16



EP 1 389 949 B1

-
MR Harduere

_Codvsl 1

AN 4

L()S A_WML zi

)us devics

k. 1

17



EP 1 389 949 B1




EP 1 389 949 B1

Fa 5 b,

19



Fi j,(a

EP 1 389 949 B1

I
i

-

L (70 kF r""""

-

£ el
!

/}Hﬁ/@b. Seam }mﬂw‘vd"“
are Freqeency changes

(sf ofy) A Fotamk ! 70
s

20



EP 1 389 949 B1

21



EP 1 389 949 B1

Fig._g |

3|/l Comp

PegiFeonm
r()s "cl { lw;r Hz( ’Q‘M
”_——ﬁ.‘, ——_'——---

i -t ."':___—: B

‘ﬂﬁm

:JM
i

foring ML Soussina !
and el v“‘ vﬁm 18
. e‘,g,l«‘ﬁ M c"w"‘- .

< — o

¥ Ub Sqwd ovt  bovids
3 ek ARC SGurd ok
tice % %

™
e

}3
B

lia.aBO,

22



EP 1 389 949 B1

RN IR IR e
I“(J-"' r"’ @ _—
laet
DT g O | =——
skm:f’ T . —_—
- d isplecenunt N O
b Lot

©

<3— .WM\MIIO‘:V
'l‘l‘-lf‘bs m W)

2

23



EP 1 389 949 B1

—~
| L(ééé_o_"g}—_’]

ceynel
\\ \ /‘ Feeunt Jt;f&‘?‘ .ou\fu;,
Amy‘xro’uj o “"P“"Jw\
V“j .
huff' ( LR L
‘ 'COW’( & c‘\ﬂl’“
/ Cow,m?@‘?
o ¢ e ~
o RF

o fGV“r ‘l:—‘d .

Fi") 10

24



EP 1 389 949 B1

wwfl—y é}

otR( I,.,.}g
H Cﬁn—f\L&”"Q

T

Fosirm (aarge

25



EP 1 389 949 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European

patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* US 5032793 A [0007]

26



patsnap

TRBIROF) MRIFHEX A KBS KA TMRIBK T F 58 51§

DF(RE)F EP1389949B1 DF(E)A 2012-08-22
RiES EP2001995131 RiEH 2001-11-20
FRIERBE(EFR)AGE) EAEKKI

RF(EFR)AGE) SE{A1% , DAVID A.

LEREEIN)AGE) SEE% , DAVID A.

[#R1& B8 A FEINBERG DAVID A
EBHA FEINBERG, DAVID A.
IPCo S A61B5/055 A61B8/08 GO1R33/28 G01S15/02
CPCH %5 A61B8/08 A61B5/7285 A61B8/0883 A61B8/4245 A61B8/4416 A61B8/4477
k5 60/252953 2000-11-24 US
60/252945 2000-11-24 US
60/252944 2000-11-24 US
60/252950 2000-11-24 US
H T SCEk EP1389949A1
EP1389949A4
SAEREE$E Espacenet
;ﬁ E (-['%) MRUULTRASOUND SCANNING

—MEMRIFESS (1) PMEE (3) REVEFS (5,6 ) MIMRIZEHE
FEA— P REFEIGHRAER —PHEENRE, BFEHIETARERS
BWEZEE (4) , HEFBINREFETUEN I SMRIZER LT
BREBERARBERMNBREELS , IETUAATERRIRPEZHIEL
MRIZEMRIB %, X , MRIZETH G| SEEHIERE,

UVULTRASOUND IMAGE OF HEART
IN DEFINED COORDINATE SYSTEM A.

COMPUTER-DETECT EDGE OF HEART B.
WALL WHERE CORONARY ARTERY LOCATED

PROVIDE MRI PULSE SEQUENCE CONTROL PROGRAM c.
WITH RMATION ON POSITION OF
HEART WALL (AND CORONARY ARTERY)

ALTER PULSE SEQUENCE D.
PER POSITION INFORMATION b

ACQUIRE MRI SIGNAL FROM PULSE SEQUENCE
ALTERED TO IMPROVE IMAGE OF CORONARY ARTERY

(OR CHANGE POSITION OF MRI IVLA

OR ACCEPT OR REJECT MRI DATA WHEN FORMIN
OR CHANGE PHASE OF OR OTHERWISE USE POSITION
INFORMATION TO IMPROVE

PULSE SEQUENCE CONTROL PROGRAM READY
TO RECEIVE ADDITIONAL CHANGES IN
PULSE SEQUENCE FROM REPETITION F.
OF STEPS A-E

REPEAT STEPS A-E AS NEEDED

FI1G. 1


https://share-analytics.zhihuiya.com/view/a68f00d7-1021-4a14-88fd-f168d9691d23
https://worldwide.espacenet.com/patent/search/family/027500447/publication/EP1389949B1?q=EP1389949B1

