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Description

[0001] The invention relates to a diagnostic imaging
system, in particular a magnetic resonance imaging sys-
tem which is provided with an ultrasound probe.

[0002] Such a magnetic resonance imaging system is
known from the US-patent US 5 146 924.

[0003] The known magnetic resonance imaging sys-
tem comprises a receiver antenna for receiving magnetic
resonance signals which is mounted in an ultrasound
transducer. The ultrasound transducer includes an ultra-
sound source for generating ultrasound waves in the ob-
ject to be examined, such as a patient who is to be ex-
amined. The ultrasound transducer also includes the ul-
trasound probe. The ultrasound probe detects ultrasound
echoes, i.e. ultrasound waves which are reflected in an
object to be examined. The central processor of the
known magnetic resonance imaging system derives from
the detected ultrasound waves an ultrasound image of a
part of the object to be examined. From this ultrasound
image the user determines the position of the part of the
anatomy to be examined, notably the organ of interest.
Subsequently, on the basis of the position of the part to
be examined as detected from the ultrasound image,
there are excited (nuclear) spins in the object to be ex-
amined of the part to be examined upon which excitation
magnetic resonance signals are generated and a mag-
netic resonance image of the part to be examined is re-
constructed from the magnetic resonance signals. The
known magnetic resonance system employs the 'Over-
hauser’-effect to generate the magnetic resonance im-
age. The known magnetic resonance imaging system
employs the ultrasound image only for the determination
of the position of the part of the object of which a magnetic
resonance image is made.

[0004] The US patentUS 5662 109 discloses asystem
for multi-dimensional imaging which combines mammo-
graphic data and ultrasound data.

[0005] An object of the invention is to provide a diag-
nostic system which is suitable to supply diagnostic im-
age with a higher diagnostic quality, notably having a
higher diagnostic information content.

[0006] This object is achieved by the diagnostic imag-
ing system which, according to the invention is defined
in Claim 1. The diagnostic imaging system comprises a
reconstruction unit for reconstructing a diagnostic image
from the magnetic resonance signals and the ultrasound
echoes.

[0007] The magnetic resonance signals are generated
by RF-excitation of (unclear) spins in the object which is
placed in a stationary magnetic field. Temporary mag-
netic gradient fields are applied so that the Larmor fre-
quency of the excited spins is made spatial position de-
pendent. Thus, spatial encoding of the magnetic reso-
nance signals by the frequencies and phases of the mag-
netic resonance signals is achieved.

[0008] The diagnosticimage combinesimage informa-
tion both from the magnetic resonance signals and from
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the ultrasound echoes. For example the diagnosticimage
includes a portion of pixels that are derived from the mag-
netic resonance signals and another portion of pixels that
are derived from the ultrasound echoes. The information
included in the magnetic resonance signals has a high
spatial resolution but a low temporal resolution. On the
other hand, the information included in the ultrasound
echoes has a lower spatial resolution but a much higher
temporal resolution. In particular the information in the
magnetic resonance signals is time-averaged over a
range of about 50ms to about 0.5s and the information
in the ultrasound echoes pertains to short periods of time
of about 5-20ms. The information in the magnetic reso-
nance signals may have a high spatial resolution in that
details as small as 0.5mm are faithfully represented in
the magnetic resonance image. The diagnostic image
thus combines image information with a high spatial res-
olution with image information with a high temporal res-
olution. Thus, the diagnostic image shows in particular
image information of high temporal resolution of rapidly
moving parts in the patient to be examined while the an-
atomical surroundings of the rapidly moving portions are
accurately displayed with a high spatial resolution. For
example, moving portions of the patient’s heart are dis-
played against the correctly spatially highly resolved an-
atomical background.

[0009] Inanother example, the diagnostic image com-
bines functional information from the ultrasound echoes
of the reconstruction which is displayed in the anatomical
information from the magnetic resonance signals. For
example, in the diagnostic image colour-Doppler values
derived from the ultrasound echoes may replace grey-
values derived from the magnetic resonance signals.
[0010] These and other aspects of the invention will
be elaborated with respect to the preferred embodiments
as defined in the dependent Claims.

[0011] The reconstruction unit is arranged to derive a
magnetic resonance image and a preliminary ultrasound
image from the magnetic resonance signals and the ul-
trasound echoes, respectively. The diagnostic image
may be derived from the magnetic resonance image and
the preliminary ultrasound image. The term ’preliminary
ultrasound image’ in this application indicates any ultra-
sound image to which correction on the basis of the mag-
netic resonance image or registration relative to the mag-
netic resonance image is still to be performed. For ex-
ample, respective portions of the preliminary ultrasound
image and of the magnetic resonance image are included
into the diagnostic image. In an other example, the diag-
nostic image is formed in that at least respective portions
of the magnetic resonance image and the preliminary
ultrasound image are displayed altematingly.

[0012] Inanembodiment, the magnetic resonance im-
age and the preliminary ultrasound image are registered
in a common co-ordinate system. That is, between re-
spective positions in the magnetic resonance image and
in the preliminary ultrasound image the geometric rela-
tion is established. On the basis of this geometric relation
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positions in the magnetic resonance image and in the
ultrasound image are registered in correspondence with
the geometric relation between the imaged positions in
the object. This may be achieved by relating positions in
the preliminary ultrasound image an in the magnetic res-
onance image to a common reference frame. Such a
common reference system is for example defined in the
examination room in which the diagnostic imaging sys-
tem is set up. Notably, a position detection system is
provided in the examination room. The position detection
system measures the positions of the ultrasound probe
relative to the patient to be examined. The position de-
tection system also determines the geometric relation
between positions in the patient to corresponding posi-
tions in the magnetic resonance image. The position de-
tection system may include an optical or acoustical po-
sition detection system which measures the positions of
the patient and the ultrasound probe. The position of the
ultrasound probe determines a region, in particular a
slice, of the patient from which the ultrasound echoes are
received Thus, from the measurement of the position of
the ultrasound probe, the part imaged in the preliminary
ultrasound image is established. Notably, when an opti-
cal position detection systemis employed, the ultrasound
probe and the patient are fitted with light-emitting diodes
(LEDs) or infrared-emitting diodes (IREDs). The radia-
tion, notably light or infrared radiation, from the LEDs or
IREDs is detected from two or more directions by means
of a camera-unit. The camera-unit picks up images from
the sets of LEDs or IREDs. The diagnostic imaging sys-
tem comprises a computer which is also programmed to
derive the position of the ultrasound probe relative to the
patient from the image picked-up by the camera-unit of
the LEDs or IREDs. The gantry of the magnetic reso-
nance imaging system is preferably also fitted with LEDs
or IREDs and the camera-unit further picks-up images
of the MR-gantry, notably these images also feature im-
ages of the LEDs or IREDs on the MR-gantry. The com-
puteris also arranged to calculate the position of the gan-
try relative to the patient to be examined. Further, the
computer is arranged to compute the geometric relation
between positions in the patient and the corresponding
positions in the magnetic resonance image on the basis
of the measured relative position of the patient to the MR-
gantry and on the basis of the applied temporary mag-
netic gradient fields, such as the slice selection, phase
encoding and read-out gradients. Thus it is achieved to
establish the geometric relationship between corre-
sponding positions in the magnetic resonance image and
in the preliminary ultrasound image. The magnetic res-
onance image and the preliminary ultrasound image are
registered in a common co-ordinate system which is
based on the geometric relation between the magnetic
resonance image and the preliminary ultrasound image.
In this respect, corresponding positions in either image
pertain their common position in the patient. As the mag-
netic resonance image and the preliminary ultrasound
image are registered in the common co-ordinate system
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the diagnostic image which is derived from the magnetic
resonance image and the preliminary ultrasound image
shows image information from the magnetic resonance
image and from the preliminary ultrasound image in their
correct mutual geometric relation. Thatis, e.g. respective
portions of the preliminary ultrasound image and of the
magnetic resonance image are included in the diagnostic
image at correct relative positions to one another.
[0013] Inthe diagnostic system according to the inven-
tion the magnetic resonance image is employed to cor-
rect the preliminary ultrasound image and form the diag-
nostic image as the corrected ultrasound image. The di-
agnostic image may also be formed by combining por-
tions of the corrected ultrasound image and the magnetic
resonance image. Notably, the magnetic resonance im-
age can be used to correct geometric distortions in the
preliminary ultrasound image. For example, portions in
the ultrasound image relating different tissue types are
distinguished on the basis of the magnetic resonance
image. For example, local ultrasound sound velocities
for such different tissue types are derived from the mag-
netic resonance image and the preliminary ultrasound
image is corrected for distortions due to differences be-
tween ultrasound sound velocities. Further, tissue inter-
faces can be located in the magnetic resonance image
and related to US-echoes from these tissue interfaces
so that renditions of tissue interfaces in the magnetic res-
onance image and in the corrected ultrasound image are
in correspondence.

[0014] In a preferred more simple embodiment of the
diagnostic imaging system corresponding anatomical
landmarks are identified in the magnetic resonance im-
age and in the preliminary ultrasound image. From the
respective positions of the anatomical landmarks in the
magnetic resonance image and correspondingly in the
preliminary ultrasound image the correct geometric rela-
tion between corresponding positions in the preliminary
ultrasound image and in the magnetic resonance image
are calculated. On the basis of the geometric relation
based on the corresponding anatomical landmarks, the
preliminary ultrasound image and the magnetic reso-
nance image are registered in the common co-ordinate
system From these registered preliminary ultrasound im-
age and the registered magnetic resonance image the
diagnostic image is formed.

[0015] In another embodiment of the diagnostic image
according to the invention the position of the ultrasound
probe is measured on the basis of the magnetic reso-
nance signals. Notably, at least a part of the magnetic
resonance signals picked-up by the receiver antenna re-
lates to or originates from the ultrasound probe, e.g. the
ultrasound probe or markers having a substantial mag-
netic susceptibility being fitted to the ultrasound probe
are also imaged in the magnetic resonance image. Thus,
from the position of the ultrasound probe as measured
on the basis of the magnetic resonance signals the ge-
ometric relation between the ultrasound probe and thus
the preliminary ultrasound image and the magnetic res-
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onance image is obtained. On the basis of this geometric
relation the preliminary ultrasound image and the mag-
netic resonance image can be registered in the common
co-ordinate system and the diagnostic image formed on
the basis of the registered preliminary ultrasound image
and the registered magnetic resonance image.

[0016] In another embodiment the ultrasound probe is
fitted with micro-coils. While the magnetic resonance sig-
nals are generated the micro-coils pick-up a part of the
magnetic resonance signals form the close neighbour-
hood of the micro-coils. Thus the magnetic resonance
signals picked-up by the micro-coils represent the posi-
tion of the ultrasound probe. The micro-coils produce
electrical (induction) signals in response to the magnetic
resonance signals. These electrical signals in turn rep-
resent the position of the ultrasound probe relative to the
patient and relative to the MR-gantry. These electrical
signals from the micro-coils are advantageously em-
ployed to determine the geometric relation between the
preliminary ultrasound image derived from the ultra-
sound echoes picked-up by the ultrasound probe and the
magnetic resonance image.

[0017] The functions of the diagnostic imaging system
are in practice performed under the control of a computer
programme as specified in Claim 7 including various in-
structions which enable the diagnostic imaging system
to produce the technical effects involved in the present
invention. Such a computer programme is loaded into
e.g. the working memory or accessible to the processor
of e.g. a control unit and/or a reconstruction unit or com-
bination unit of the diagnostic imaging system. The com-
puter programme may be made available on a data car-
rier such as a CD-ROM disk, or the computer programme
may be downloaded from a network, such as the world-
wide web.

[0018] Another object of the invention is to provide a
magnetic resonance imaging system which also enables
the acquisition of information which relates to current in-
stants or very short periods of time.

[0019] This further object is achieved by means of a
magnetic resonance imaging system according to the
invention which is provided with a display system for the
combined display of information contained in the mag-
netic resonance signals and information contained in the
ultrasound waves.

[0020] The display system includes inter alia a signal
processing unit and a monitor. An LCD (liquid crystal)
monitor is suitable for use in combination with the mag-
netic resonance imaging system, because such an LCD
monitor is not very sensitive to the magnetic (temporary)
gradient fields necessary to generate and receive the
magnetic resonance signals. The LCD monitor is prefer-
ably electromagnetically shielded from the magnetic res-
onance imaging system in order to prevent the electronic
signals controlling the LCD monitor from disturbing the
acquisition of the magnetic resonance signals and to pre-
vent the magnetic resonance signals from disturbing the
control of the LCD monitor. The signal processing unit is
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arranged to reconstruct a magnetic resonance image
from the magnetic resonance signals and also to form
an ultrasound image on the basis of the detected ultra-
sound waves. The detected ultrasound waves have no-
tably been reflected as ultrasound echoes in the object
to be examined. The magnetic resonance signals are
detected by means of the receiver antenna, such as a
receiver coil, so as to be applied to the signal processing
unit. The ultrasound waves are detected by the ultra-
sound probe. The ultrasound probe produces US detec-
tion signals in response to the detected ultrasound
waves. The US detection signals represent the informa-
tion contained in the ultrasound waves; for example, the
signal levels of the US detection signals correspond to
the strengths of the ultrasound waves. The US detection
signals are also applied to the signal processing unit. The
magnetic resonance image and the ultrasound image are
both represented by image signals in the signal process-
ing unit, for example, electronic video signals. These im-
age signals are applied to the monitor so that the image
information contained in the magnetic resonance signals
and in the ultrasound waves is visualized.

[0021] In conformity with the invention the display sys-
tem displays the magnetic resonance image and the ul-
trasound image in combined form on the monitor. The
ultrasound image contains mainly instantaneous infor-
mation, or at least information relating to very short pe-
riods of time, i.e. periods of time shorter than the time
typically required for the acquisition of the magnetic res-
onance signals for the magnetic resonance image; these
short periods of time notably have a duration of from ap-
proximately 5 to 20 ms. The period of time over which
averaging effectively takes place during the formation of
the magnetic resonance image is dependent on the spa-
tial resolution of the magnetic resonance image and on
the exactacquisition strategy used to sample the k space.
It has been found in practice that the period of time over
which the information in the magnetic resonance image
is averaged amounts to from approximately 50 ms to
some tenths of a second. Combined display of the ultra-
sound image and the magnetic resonance image pro-
vides information concerning instantaneous events in the
object to be examined, for example a patient to be ex-
amined, together with the time averaged, but spatially
suitably resolved information. This is because, generally
speaking, the magnetic resonance image has a spatial
resolution which is higher than that of the ultrasound im-
age. Due to the combined display, the information of high
spatial resolution from the magnetic resonance image
can be combined with information of high temporal res-
olution from the ultrasound image. The magnetic reso-
nance image contains information which has been aver-
aged in time to a given extent. Due to the combined dis-
play of the ultrasound image and the magnetic resonance
image, information concerning instantaneous events in
the object to be examined, for example a patient to be
examined, can be made available together with time av-
eraged information.
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[0022] The ultrasound image contains, for example,
mainly functional information concerning physical proc-
esses taking place in the object to be examined. For ex-
ample, quantities which quantify the flow of a liquid, for
example, blood through the blood vessels of the patient
tobe examined, are concerned. The magneticresonance
imaging system according to the invention enables the
reproduction of such functional information contained in
the ultrasound image in, for example, the magnetic res-
onance image. The magnetic resonance image prefera-
bly reproduces with a high spatial resolution the anatom-
ical structure of the patient to be examined. The radiol-
ogistis thus offered a good quantitative image of the func-
tional information and also a suitably spatially resolved
image of the region wherefrom the functional information
originates.

[0023] The combined display of the magnetic reso-
nance image and the ultrasound image can be realised
in various ways. For example, there is formed a compos-
ite image with partly brightness values from the magnetic
resonance image and partly brightness from the ultra-
sound image. It is alternatively possible to alternate the
magnetic resonance image and the ultrasound image.
For example, the magnetic resonance image and the ul-
trasound image alternate at a rate of approximately 20
fps (frames per second). Furthermore, it is also possible
to superpose the ultrasound image as an "overlay" on
the magnetic resonance image.

[0024] For example, grey values in the magnetic res-
onance image are replaced by colour Doppler values
from the ultrasound image.

[0025] The magnetic resonance image as well as the
ultrasound image can represent the distribution of the
values of a physical quantity. For example, the physical
quantity concerns perfusion or flow of a fluid of physio-
logical importance. For example, cerebrospinal fluid
(CSF) or arterial or venous blood are concerned. Accord-
ing to the invention the spatial distribution of physical
quantities derived from physical quantities represented
by the magnetic resonance image and by the ultrasound
image can be reproduced in the composite image. For
example, the combined image can reproduce the spatial
distribution of the ratio of peak flow values and local mean
flow values.

[0026] The reconstruction unit is preferably arranged
to register the magnetic resonance image and the ultra-
sound image in a common reference system. For exam-
ple, this can be realised by identification of corresponding
anatomical details in the magnetic resonance image and
in the ultrasound image. It is also possible to measure
the position of the ultrasound probe by means of the mag-
netic resonance imaging system; to this end, the ultra-
sound probe is preferably provided with one or more iden-
tification members which are susceptible to the RF exci-
tations. For example, microcoils are suitable identifica-
tion members. Due to the RF excitations, the microcoils
receive magnetic resonance signals which represent the
position of the microcoils and hence of the ultrasound
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probe. The magnetic resonance image and the ultra-
sound image are registered in the common reference
system on the basis of the measured position of the ul-
trasound probe. On the basis of the temporary (for ex-
ample, read-out and phase encoding) gradient fields the
magnetic resonance imaging system determines the po-
sition of the ultrasound probe as well as the position of
the part of the object being imaged in the magnetic res-
onance image.

[0027] It is noted that advantageously accaording to
the invention the correction of the (preliminary) ultra-
sound image and the registration of the (preliminary) ul-
trasound image may also be employed to correct and/or
mutually register highly spatially resolved information of
the magnetic resonance image and highly temporally re-
solved image information in the (preliminary) ultrasound
image.

[0028] These and other aspects will be elaborated in
more detail and by way of example with respect to the
embodiments discussed hereinafter and with respect to
the appended drawings wherein

Fig. 1 shows diagrammatically a magnetic reso-
nance imaging systeminwhich the inventionis used,
and

Fig. 2 shows diagrammatically the ultrasound sys-
tem whose ultrasound probe is included in the re-
ceiver coil of the magnetic resonance imaging sys-
tem of Fig. 1.

[0029] Fig. 1 shows diagrammatically a diagnostic im-
aging system in which the invention is used. The mag-
netic resonance imaging system is provided with a set
of main coils 10 which generate the steady, uniform mag-
netic field. The main coils are constructed, for example,
in such a manner that they enclose a tunnel-shaped ex-
amination space in which the magnetic field prevails. The
patient to be examined is moved into this tunnel-shaped
examination space. The magnetic resonance imaging
system also includes a number of gradient coils 11, 12
whereby magnetic fields with spatial variations, notably
in the form of temporary gradients in separate directions,
are superposed on the uniform magnetic field. The gra-
dient coils 11, 12 are connected to a controllable power
supply unit 21. The gradient coils 11, 12 are energised
by applying an electric current thereto by means of the
power supply unit21. The strength, direction and duration
of the gradients are controlled by control of the power
supply unit. The magnetic resonance imaging system al-
so includes transmitter and receiver coils 13, 15 for gen-
erating the RF excitation pulses and for picking up the
magnetic resonance signals, respectively. The transmit-
ter coil 13 is preferably constructed as a body coil 13
which is also referred to as a volume coil and enables
enclosure of (a part of) the object to be examined. An
MR control unit 20 controls the power supply unit and the
transmitter and receiver coils so as to apply the gradient
fields and RF excitation pulses and to pick up the mag-
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netic resonance signals. The body coil is usually ar-
ranged in the magnetic resonance imaging system in
such a manner that the patient 30 arranged in the mag-
netic resonance imaging system is situated within the
body coil 13. The body coil 13 acts as a transmitter an-
tenna for the transmission of the RF excitation pulses
and RF refocusing pulses. The body coil 13 preferably
involves a spatially uniform intensity distribution of the
transmitted RF pulses. The same coil or antenna is usu-
ally used alternately as a transmitter coil and a receiver
coil. Furthermore, the transmitter and receiver coil is usu-
ally shaped as a coil, but other geometries where the
transmitter and receiver coil acts as a transmitter and
receiver antenna for RF electromagnetic signals are also
feasible. The transmitter and receiver coil 13 is connect-
ed to an electronic transmitter and receiver circuit 15.
[0030] Itisto be noted, however, that it is alternatively
possible to use separate receiver coils. For example, sur-
face coils can be used as receiver coils. Such surface
coils have a high sensitivity in a comparatively small vol-
ume. The transmitter coils, such as the surface coils, are
connected to a demodulator 24 and the magnetic reso-
nance signals (RFS) received are demodulated by the
demodulator 24. The demodulated magnetic resonance
signals (DMS) are applied to a reconstruction unit. The
receiver coil is connected to a preamplifier 23. The
preamplifier 23 amplifies the RF resonance signal (RFS)
received by the receiver coil and the amplified RF reso-
nance signal is applied to a demodulator 24. The demod-
ulator 24 demodulates the amplified RF resonance sig-
nal. The demodulated resonance signal contains the ac-
tual information concerning the local spin densities in the
part of the object to be imaged. Furthermore, the trans-
mitter and receiver circuit 15 is connected to a modulator
22. The modulator 22 and the transmitter and receiver
circuit 15 activate the transmitter coil 13 so as to transmit
the RF excitation and refocusing pulses. The reconstruc-
tion unit 25 derives one or more image signals, repre-
senting the image information of the imaged part of the
object to be examined, from the demodulated magnetic
resonance signals (DMS). In practice the reconstruction
unit 25 is preferably constructed as a digital image
processing unit 25 which is programmed to derive from
the demodulated magnetic resonance signals the image
signals which represent the image information of the part
of the object to be imaged. The MR image signal (MR-
im) on the output of the reconstruction unit 25 is applied
to a combination unit 28 in order to combine it with the
image information received on the basis of the detected
ultrasound waves.

[0031] Further, the reconstruction unit 25 is pro-
grammed for correction of the preliminary ultrasound im-
age on the basis of the magnetic resonance image. In
particular the reconstruction unit 25 is provided with a
segmentation algorithm to separate regions pertaining
to differenttissue types. A look-up-table is provided which
assigns the proper values of the ultrasound sound veloc-
ity of respective tissue types to individual voxels or pixels

10

15

20

25

30

35

40

45

50

55

in the magnetic resonance image. This look-up table is
proved e.g. in the reconstruction unit 25 or in the combi-
nation unit 28. The reconstruction unit 25 is arranged to
take the local ultrasound sound velocity as derived from
the magnetic resonance image into account to reduce or
avoid distortions in the ultrasound image. The recon-
struction unit 25 is further programmed to extract tissue
interfaces from the magnetic resonance image and relate
US-signals to these tissue interfaces.

[0032] The diagnosticimaging system further compris-
es aposition detection systemwhich is arranged to detect
the positions of the ultrasound transducer 110, the patient
to be examined 30 and the position of the portion of the
patient from where the magnetic resonance signals are
obtained. The position detection system includes a cam-
era-unit 201 and a number of markers in the form of LEDs
or IREDs. LEDs or IREDs 202 are placed on the gantry
of the magnetic resonance imaging system, further LEDs
or IREDs 203 are placed on the ultrasound transducer
110 and LEDs or IREDs 204 are placed on the patient
to be examined, at or near the region to be imaged. The
camera-unit detects these LEDs or IREDs from various
directions. The position detection system also has a po-
sition calculation system 205. The camera-unit 201 ap-
plies observation signals (OS) to the position calculation
system 205. The observation signals (OS) represent the
observations of the markers 202,203 and 204 from dif-
ferent directions. The position calculation unit computes
the positions of the various markers from the observation
signals and generates position signals (POS) represent-
ing the positions of the patient to be examined imaged
in the (preliminary) ultrasound image and in the magnetic
resonance image.

[0033] The ultrasound transducer is fitted with one or
several micro-coils 210. In these micro-coils electrical
induction signals (LS) are generated in response to the
RF-excitations or gradient pulses. These electrical induc-
tion signals are position encoded due to the temporary
read gradients and phase-encoding gradients and rep-
resent the position of the micro-coil 210. The electrical
induction signals are processed in the same way as the
magnetic resonance signals and the demodulator 24 de-
rives an MR-position signal (mr-POS) that represents the
position of the ultrasound transducer to the position cal-
culation system 205. Thus, the position calculation sys-
tem 205 is enabled to compute the position of the portion
of the patient to be examined imaged in the (preliminary)
ultrasound image from the MR-position signal (mr-POS).
The position calculation system 205 computes the posi-
tion of the micro-coil 210 from the MR-position signal (mr-
POS) and supplies a position signal (POS) which repre-
sents the position of the micro-coil 210. The position sig-
nals (POS) from the position calculation system 205 are
applied to the combination unit 28 to control the combi-
nation unit to combine image information from the mag-
netic resonance image and the (preliminary) ultrasound
image according to their respective relative positions so
that all image information is registered in a common ref-
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erence frame.

[0034] The combination unit 28 is further arranged to
correct the preliminary ultrasound image on the basis of
distinguished tissue types and/or tissue interfaces in the
magnetic resonance image. The combination unit gen-
erates the corrected ultrasound image in the form of the
corrected image signal (C-im). The corrected ultrasound
image is corrected for geometric distortions e.g. due to
differences between ultrasound velocities in various
types of tissue.

[0035] The ultrasound transducer 110 is mounted in
or on the transmitter and receiver coil 13. The ultrasound
transducer 110is provided with the ultrasound probe 111.
The ultrasound probe 111 produces the US detection
signals (USS) in response to the ultrasound echoes
which are received by the ultrasound probe and are gen-
erated in the patient to be examined when the ultrasound
transducer generates ultrasound waves in the patient to
be examined. The US detection signals are applied to a
US processor 40. Such a US processor 40 is known per
se from United States patent No. 5,795,297 and will be
described in detail with reference to Fig. 2. The US proc-
essor forms, on the basis of the US detection signal and
using a video processor 140, an US image signal (US-
im) which is applied to a combination unit 28. The recon-
struction unit 25 also applies the MR image signal (MR-
im) to the combination unit 28. The combination unit de-
rives a combined image signal (C-im) from the MR image
signal and the US image signal (US-im). For example, a
part of the signal levels of the US image signal and a part
of the signal levels of the MR image signal are used in
the combincd image signal. It is alternatively possible to
superpose, for example the image information contained
in the US image signal on image information of the MR
image signal as an overlay. In a particularly simple em-
bodiment the combined image signal concerns an ultra-
sound image and a magnetic resonance image which
are displayed on a monitor 26 adjacent one another or
successively. For example, in this embodiment the com-
bined image signal reproduces the functional informa-
tion, such as instantaneous flow speeds of blood through
the vascular system as represented by the US image
signal, against the background of the anatomical infor-
mation of said vascular system and its surroundings. This
anatomical information faithfully reproduces small de-
tails, for example of the order of magnitude of from 0.5
mm to 2 mm. This anatomical information is represented
by the MR image signal.

[0036] The magnetic resonance imaging system and
the ultrasound system are controlled by a central control
unit 50. The central control unit includes the US console
162 via which the user, for example the radiologist, can
enter the parameters for the acquisition of the ultrasound
image. The central control unit 50 also includes the MR
console 163 via which the user can enter the parameters
for the acquisition of the magnetic resonance image. The
central control unit also includes a central control device
51 for controlling the ultrasound system and the magnetic
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resonance imaging system. To this end, the central con-
trol device 51 is coupled to the MR control unit 20 and to
the US processor 40 via a data bus 60.

[0037] The combined image signal (C-im) is applied to
a monitor 26 for the combined display of the ultrasound
image and the magnetic resonance image thereon.
[0038] Itis also possible to store the combined image
signal in a buffer unit27 while awaiting further processing.
[0039] Fig. 2 shows diagrammatically the ultrasound
system whose ultrasound probe is included in the receiv-
er coil of the magnetic resonance imaging system shown
in Fig. 1. The US detection signals (Uss) from the ultra-
sound probe 111 are processed by the ultrasound system
with a number of electronic circuits. The ultrasound ech-
oes from the patient to be examined, detected by the
ultrasound probe, are processed directly and the infor-
mation in the ultrasound echoes is visualised on the mon-
itor 26. In the case of analogue processing of the US
detection signal, the scanning of the patient to be exam-
ined by means of the ultrasound waves and the process-
ing of the US detection signals are executed in synchro-
nism, so that the (analogue) US detection signals are
directly and continuously processed as soon as the ul-
trasound echoes are detected by the ultrasound probe.
[0040] Fig. 2 illustrates notably the modular architec-
ture of the ultrasound system. The ultrasound probe 111,
for example, an ultrasound probe of the linear type or of
the phased array type, is connected to a beam-shaping
module 120 which controls the excitation of the ultra-
sound waves and the reception of the ultrasound echoes.
The ultrasound probe is provided with a large number of
probe elements. Each of the ultrasound echoes originat-
ing from the patient to be examined reaches the individual
probe elements at varying instants. The beam-shaping
module provides the shaping of US detection signals
(Uss) representing rays (or scanning lines) from the ul-
trasound echoes received. To this end, the beam shaping
module delays the detection signals from the individual
probe elements, so that the signal levels of the US de-
tection signals are composed of detection signals from
the probe elements which always relate to substantially
the same positions within the patient to be examined; for
example, detection signals are invariably taken along
lines extending from the US transducer into the patient
to be examined (so-called A-lines). The (RF) US detec-
tion signals (Uss) are applied to a post-processing mod-
ule 122 which performs signal amplification and band-
pass filtering. The processed US detection signals (p-
Uss) are applied, via a first data bus 114, to the inputs
of an echo detection module 124, of a Doppler module
126 and of a colour flow module 128. The echo detection
module derives a two-dimensional (2D or B-mode or grey
value) ultrasound image from the ultrasound echoes. In
the B-mode the ultrasound image is composed of a plu-
rality of successively taken A-lines. The Doppler module
126 derives Doppler signal estimates from the processed
US detection signals and also a modulated audio signal
(AS) which is applied to a loudspeaker 152. The Doppler
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shift of the ultrasound echoes is reproduced as sound
via the loudspeaker, the pitch of the sound corresponding
to the Doppler shift. Furthermore, US detection signals
(p-Uss) processed by the colour flow module 128 are
used to form colour components for a colour flow Doppler
image rendition. The colour flow module forms a two-
dimensional representation of the distribution of Doppler
shifts of the ultrasound echoes; this representation is
made, for example, in the form of a colour distribution.
Thus, a colourimage is formed in which the Doppler shifts
are encoded on the basis of different colours, thus rep-
resenting the speed distribution in the patient to be ex-
amined. The signal outputs of the echo detection module
124, of the Doppler module 126 and of the colour flow
module 128 are connected to a number of imaging mod-
ules via a second data bus 116. The 2D signals of the
echo detection module 124 are converted into a desired
image format by the scan conversion module 130 and
are converted into an M-mode display by an M-mode
module 132. In the M-mode (motion mode) ultrasound
echoes are repeatedly taken from a pre-selected A-line.
The successive images of this A-line are consecutively
and adjacently reproduced, so that an object moving
through the relevant A-line is reproduced in motion. The
M-module is also used to form a spectral representation
of the signals produced by the Doppler module 126; how-
ever, a separate spectral display module especially de-
signed for this purpose may also be used. The signals
produced by the colour flow module and the echo detec-
tion module can also be applied to the scan conversion
module 130 whereby they are combined so as to form a
colour flow image of the desired format. The ultrasound
system also includes a Cineloop® memory in which se-
ries of ultrasound images are stored. At a later stage the
stored images can be reproduced again at the original
image rate or in a decelerated fashion. The Cineloop®
memory in the magnetic resonance imaging system ac-
cording to the invention is preferably arranged to store,
for playback at a later stage, also series of magnetic res-
onance images and/or series of combined images con-
taining image information from magnetic resonance im-
ages and from ultrasound images.

[0041] The signals produced by the scan converter
130, the M-mode module 132 or the Cineloop® are ap-
plied to a video processor module 140 via a third data
bus 118. The signal output of the video processor module
140 is connected to the combination unit 28 of the mag-
netic resonance imaging system. The video processor
140 supplies electronic video signals which are combined
with the MR images signals (MR-im) by the combination
unit 28. The electronic video signals from the video proc-
essor 140 represent the images formed by the various
modules of the ultrasound system. The video processor
140 can also be used to add alphanumerical or graphic
information to the ultrasound images. Examples in this
respect are the name of the patient to be examined, scale
indications or measuring results written on the ultrasound
image by the user, that is, the radiologist. The graphic
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information is supplied by a graphics module 142 which
is connected to the video processor 140 via the third data
bus 118.

[0042] The modules of the ultrasound system are con-
trolled by a system controller 160 which is accommodat-
edinthe central control unit 50 of the magneticresonance
imaging system. The system controller provides the in-
terface with the US console 162 via which the user op-
erates the ultrasound system. The user, that is, the radi-
ologist, notably uses the US console to select a given
ultrasound probe and a given imaging procedure. In re-
sponse to the operation of the US console by the user,
the system controller 162 provides commands for the
beam shaping module 121 so as to load the necessary
data of the ultrasound probe, to activate the ultrasound
probe and to set the other modules for the processing of
the information in the US detection signals (Uss) in con-
formity with the imaging procedure selected by the user.
After the initialisation of the various modules, the system
controller 160 remains inactive until the user enters new
selections via the US console 162. Each of the individual
modules of the ultrasound system includes a respective
microprocessor for controlling and executing the function
of the relevant module. The individual modules are con-
structed, for example, by means of one or more PCBs
(printed circuit boards).

Claims

1. A diagnostic imaging system, notably a magnetic
resonance imaging system comprising

-areceiver antenna (13) for picking-up magnetic
resonance signals

- an ultrasound probe (111) for receiving ultra-
sound echoes and a reconstruction unit (25) ar-
ranged to

- reconstruct a magnetic resonance image (MR-
im) from the magnetic resonance signals

- reconstruct a preliminary ultrasound image
(LTS-im) from the ultrasound echoes and

- to derive a diagnostic image (C-im) from the
preliminary ultrasound image (US-im) and the
magnetic resonance image (MR-im), charac-
terised in that

- the reconstruction unit is arranged to correct
the preliminary ultrasound image (US-im) on the
basis of the magnetic resonance image (MR-im)
so as to form a corrected ultrasound image as
the diagnostic image (C-im).

2. Adiagnostic imaging system as claimed in Claim 1,
wherein the reconstruction unit is arranged to

- derive local tissue types from the magnetic res-
onance image (MR-im)
- derive local ultrasound sound-velocities from
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the local tissue types and

- correct the preliminary ultrasound image (US-
im) on the basis of the local ultrasound sound-
velocities.

A diagnostic imaging system as claimed in Claim 1,
wherein the reconstruction unit is arranged to
identify anatomical landmarks from the preliminary
ultrasound image (US-im) and from the magnetic
resonance image (MR-im) respectively and register
the magnetic resonance image (MR-im) and the pre-
liminary ultrasound image (US-im) with respect to
one another in a common co-ordinate system based
on said anatomical landmarks.

A diagnostic imaging system as claimed in Claim 1,
wherein the reconstruction unit is arranged to

- measure the position of the ultrasound probe
(111) from the magnetic resonance signals and
- register the preliminary ultrasound image (US-
im) with respect to the magnetic resonance im-
age (MR-im) on the basis of the measured po-
sition of the ultrasound probe.

A diagnostic imaging system as claimed in Claim 4,
wherein the ultrasound probe (111) is provided with
MR-susceptible markers or micro-coils (210).

A diagnostic imaging system, notably a magnetic
resonance imaging system as claimed in Claim 1 in
which

- the receiver antenna (13) is provided with the
ultrasound probe (111) for detecting ultrasound
waves and

-the magneticresonance imaging system s pro-
vided with a display system (26) for the display
of the corrected ultrasound image.

7. A computer programme comprising instructions for

- picking-up magnetic resonance signals

- receiving ultrasound echoes

- reconstructing a preliminary ultrasound image
(US-im) from the ultrasound echoes and recon-
structing a magnetic resonance image (MR-im)
from the magnetic resonance signals

- deriving a diagnostic image (C-im) from the
preliminary ultrasound image (US-im) and the
magnetic resonance image (MR-im) and

- correcting the preliminary ultrasound image
(US-im) on the basis of the magnetic resonance
image (MR-im) so as to form a corrected ultra-
sound image as the diagnostic image (C-im).
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Patentanspriiche

Diagnostisches Bildgebungssystem, insbesondere
Magnetresonanz-Bildgebungssystem, das Folgen-
des umfasst:

- eine Empfangsantenne (13) zum Aufnehmen
von Magnetresonanzsignalen

- eine Ultraschallsonde (111) zum Empfangen
von Ultraschallechos und eine Rekonstruktions-
einheit (25), die eingerichtet ist, um

- aus den Magnetresonanzsignalen ein Ma-
gnetresonanzbild (MR-im) zu rekonstruieren,

- aus den Ultraschallechos ein vorlaufiges Ultra-
schallbild (US-im) zu rekonstruieren, und

- von dem vorlaufigen Ultraschallbild (US-im)
und dem Magnetresonanzbild (MR-im) ein dia-
gnostisches Bild (C-im) abzuleiten, dadurch
gekennzeichnet, dass

- die Rekonstruktionseinheit eingerichtet ist, um
das vorlaufige Ultraschallbild (US-im) auf der
Basis des Magnetresonanzbildes (MR-im) zu
korrigieren, um ein Korrigiertes Ultraschallbild
als das diagnostische Bild (C-im) zu erzeugen.

Diagnostisches Bildgebungssystem nach Anspruch
1, wobei die Rekonstruktionseinheit eingerichtet ist,
um

- von dem Magnetresonanzbild (MR-im) lokale
Gewebearten abzuleiten,

- von den lokalen Gewebearten lokale Ultra-
schallgeschwindigkeiten abzuleiten, und

- das vorlaufige Ultraschallbild (US-im) auf der
Basis der lokalen Ultraschallgeschwindigkeiten
zu Korrigieren.

Diagnostisches Bildgebungssystem nach Anspruch
1, wobei die Rekonstruktionseinheit eingerichtet ist,
um anatomische Merkpunkte aus dem vorlaufigen
Ultraschallbild (US-im) bzw. aus dem Magnetreso-
nanzbild zu identifizieren und das Magnetresonanz-
bild (MR-im) sowie das vorldufige Ultraschallbild
(US-im) auf der Basis der genannten anatomischen
Merkpunkte in Bezug zueinander in einem gemein-
samen Koordinatensystem zu registrieren.

Diagnostisches Bildgebungssystem nach Anspruch
1, wobei die Rekonstruktionseinheit eingerichtet ist,
um

- die Position der Ultraschallsonde (111) anhand
der Magnetresonanzsignale zu messen und

- das vorlaufige Ultraschallbild (US-im) auf der
Basis der gemessenen Position der Ultraschall-
sonde in Bezug auf das Magnetresonanzbild
(MR-im) zu registrieren.
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Diagnostisches Bildgebungssystem nach Anspruch
4, wobeidie Ultraschallsonde (111) mit MR-empfind-
lichen Markern oder Mikrospulen (210) versehen ist.

Diagnostisches Bildgebungssystem, insbesondere
Magnetresonanz-Bildgebungssystem nach An-
spruch 1, in dem

- die Empfangsantenne (13) mit der Ultraschall-
sonde (111) zum Detektieren von Ultraschall-
wellen versehen ist und

- das Magnetresonanz-Bildgebungssystem mit
einem Anzeigesystem (26) zur Anzeige des kor-
rigierten Ultraschallbildes ausgestattet ist.

7. Computerprogramm mit Anweisungen

- zum Aufnehmen von Magnetresonanzsigna-
len

- zum Empfangen von Ultraschallechos

- zum Rekonstruieren eines vorlaufigen Ultra-
schallbildes (US-im) aus den Ultraschallechos
und zum Rekonstruieren eines Magnetreso-
nanzbildes (MR-im) aus den Magnetresonanz-
signalen

- zum Ableiten eines diagnostischen Bildes (C-
im) von dem vorlaufigen Ultraschallbild (US-im)
und dem Magnetresonanzbild (MR-im) und

- zum Korrigieren des vorlaufigen Ultraschallbil-
des (US-im) auf der Basis des Magnetresonanz-
bildes (MR-im), um ein korrigiertes Ultraschall-
bild als das diagnostische Bild zu erzeugen.

Revendications

Systéme d’imagerie diagnostique, notamment un
systéme d’imagerie par résonance magnétique,
comprenant :

- une antenne réceptrice (13) pour capter des
signaux de résonance magnétique

- une sonde a ultrasons (111) pour recevoir des
échos d’ultrasons, et

- une unité de reconstruction (25) agencée pour

-reconstruire une image par résonance ma-
gnétique (MR-im) a partir des signaux de
résonance magnétique

- reconstruire une image par ultrasons pré-
liminaire (US-im) a partir des échos d'’ultra-
sons, et

- dériver une image diagnostique (C-im) a
partir de I'image par ultrasons préliminaire
(US-im) et de l'image par résonance ma-
gnétique (MR-im),

caractérisé en ce que
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- 'unité de reconstruction est agencée pour cor-
riger 'image par ultrasons préliminaire (US-im)
sur la base de I'image par résonance magnéti-
que (MR-im) de maniére a former une image par
ultrasons corrigée en tant quimage diagnosti-
que (C-im).

2. Systéme d'imagerie diagnostique selon la revendi-

cation 1, dans lequel l'unité de reconstruction est
agencée pour

- dériver des types de tissus locaux a partir de
l'image par résonance magnétique (MR-im)

- dériver des vitesses d’ultrasons locales a partir
des types de tissus locaux, et

- corriger 'image par ultrasons préliminaire (US-
im) sur la base des vitesses d’ultrasons locales.

Systeme d’imagerie diagnostique selon la revendi-
cation 1, dans lequel 'unité de reconstruction est
agencée pour identifier des points de repére anato-
miques a partir de 'image par ultrasons préliminaire
(US-im) et de l'image par résonance magnétique
(MR-im) respectivement, et référencer 'image par
résonance magnétique (MR-im) et 'image par ultra-
sons préliminaire (US-im) I'une par rapport a I'autre
dans un systéme de coordonnées commun sur la
base desdits points de repére anatomiques.

Systeme d’imagerie diagnostique selon la revendi-
cation 1, dans lequel 'unité de reconstruction est
agencée pour

- mesurer la position de la sonde a ultrasons
(111) a partir des signaux de résonance magné-
tique, et

- référencer I'image par ultrasons préliminaire
(US-im) parrapport al'image par résonance ma-
gnétique (MR-im) sur la base de la position me-
surée de la sonde a ultrasons.

Systeme d’imagerie diagnostique selon la revendi-
cation 4, dans lequel la sonde a ultrasons (111) est
dotée de marqueurs ou micro-bobines (210) sensi-
bles a la RM.

Systeme d’imagerie diagnostique, notamment un
systéme d’'imagerie par résonance magnétique se-
lon la revendication 1, dans lequel

- 'antenne réceptrice (13) est dotée de la sonde
a ultrasons (111) pour détecter des ondes ultra-
sonores, et

- le systeme d’imagerie par résonance magné-
tique estdoté d’un systéme d’affichage (26) pour
I'affichage de I'image par ultrasons corrigée.

Programme informatique comprenant des instruc-
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tions pour

- capter des signaux de résonance magnétique

- recevoir des échos d’ultrasons

- reconstruire une image par ultrasons prélimi- 5
naire (US-im) a partir des échos d’ultrasons et
reconstruire une image par résonance magné-
tique (MR-im) a partir des signaux de résonance
magnétique

- dériver une image diagnostique (C-im) a partir 70
de l'image par ultrasons préliminaire (US-im) et

de I'image par résonance magnétique (MR-im),

et

- corriger I'image par ultrasons préliminaire (US-

im) sur la base de I'image par résonance ma- 15
gnétique (MR-im) de maniére a former une ima-

ge par ultrasons corrigée en tant qu’'image dia-
gnostique (C-im).
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