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Description

[0001] The invention relates to a imaging apparatus
comprising a magnetic resonance imaging (MRI) appa-
ratus, with at least one transmitting coil for exciting the
matter of a body under examination or of a part thereof
and at least one coil for receiving the signals transmitted
by the body under examination or a part thereof, as well
as electronic means for processing said received sig-
nals to create an image and which apparatus has further
means for supporting an guiding a surgical or therapeu-
tic tool.

[0002] Asis known, MRI examinations are often com-
bined with the use of various tools, which may consist
of diagnostic assistance instruments or of therapeutic
instruments. This may be the case, for instance, of
shoulder dedicated MRI apparatuses, wherein contrast
agents are often to be injected in the region under ex-
amination. The perfusion of said contrast agents shall
be as accurate as possible and requires a critical time
selection, which may not be easy, especially due to the
anatomic peculiarities of the shoulder which, as is
known, is a very complex anatomic region, especially
when said operations are carried out in a wholly manual
manner. In this case, the success of these operations
only depends on the skills and expertise of the operator.
Any error in the selection of the injection point and/or of
the needle orientation, or a poor synchronization with
MRI operations may lead to less than optimal images
and require a new injection. In particular cases, this may
even cause damages to tissues. Similar or even more
serious difficulties may be encountered when the MRI
apparatus is used in combination with other types of di-
agnostic and/or therapeutic tools, to be further men-
tioned hereafter in the description.

[0003] DocumentEP 1090594 and US 5,706,812 dis-
closes an MRI apparatus having an RF receiving coll
comprising means for supporting a therapeutic tool such
as a syringe or a needle.

[0004] The supporting means helps in correctly aim-
ing the tool against the zone to be treated while the im-
aging apparatus helps in viewing the tool and the part
where the tool acts for better controlling the position, the
orientation and the effect of the tool.

[0005] Although the known devices according to the
above mentioned documents works, there are some
tools and some tissue which depending on the kind of
material or of tissue and form the shape of the tool or
the structure of the tissue are not well imaged by the
MRI apparatus.

[0006] Therefore, this invention has the object of im-
proving the imaging capability of the imaging apparatus
for better viewing the part of the body to be treated and
the tool which is used, by collecting more or better in-
formation thus improving the performances of the imag-
ing apparatus and the precision of positioning and ori-
enting the tool. Particularly, there is the need to define
in a reliable manner the position and the orientation of
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the diagnostic and/or therapeutic instrument, whose use
is provided in combination with MRI, in relation to the
particular anatomy of the region under examination and
to the anatomy of the individual patient, and to obtain
an optimized synchronization between the various diag-
nostic and/or therapeutic times, or anyway a better syn-
chronization than is currently possible.

[0007] The invention achieves the above purposes by
providing an apparatus as described hereinbefore
which includes a ultrasound imaging apparatus having
a probe for transmitting and receiving ultrasound pulses
as well as electronic means for reconstructing an image
from the said pulses and means for supporting and/or
guiding the ultrasound probe which are provided in com-
bination with the means for supporting the tool.

[0008] These supporting and/or guiding means for the
tool and for the ultrasound probe may be associated to
the receiving coil.

[0009] This supporting and/or guiding means for the
ultrasound probe and for the tool may be integrated in
a unique element or may be separate and independent
one form the other.

[0010] The apparatus may include a receiving coil
case or enclosure made of a material which does not
interfere with Magnetic Resonance signals, generally
plastic, whereon the probe and the tool supporting and/
or guiding means are supported and/or fastened and/or
associated. This arrangement allows to reduce the total
size of the apparatus and provides a considerable con-
struction simplification. This also allows an easier loca-
tion of the probe and of the diagnostic and/or therapeutic
instrument at least partly inside the MRI volume.
[0011] Said supporting and/or guiding means may be
provided in an external or internal position relative to the
enclosure of the receiving coil.

[0012] These supporting and/or guiding means may
have for the probe and/or for the tool one, two but pref-
erably at least three degrees of freedom with respect to
the enclosure of the receiving coil, in such a manner as
to allow to accurately aim at the region of interest.
[0013] The tool and the probe may be independent or
they may be movable together at least for some of the
degrees of freedom provided.

[0014] These supporting and/or guiding means may
be of such a type as to allow the probe and the diagnos-
tic and/or therapeutic tool to be displaced in their axial
direction independently one form the other or together.
[0015] According to an improvement, these support-
ing and/or guiding means may be of such a type as to
allow the probe and the tool to be displaced independ-
ently one form the other or together in one or more di-
rections transverse to each other and to the axial direc-
tion, particularly in three perpendicular directions, i.e.
oriented in space along three Cartesian axes.

[0016] In accordance with a further improvement,
these supporting and/or guiding means may be of such
a type as to allow the probe and the tool to be swung/
tilted independently one from the other or together in at



3 EP 1286 172 A2 4

least one plane containing the axis of the tool and/or of
the probe, but may be furtherimproved in such a manner
as to allow the probe and the tool to be swung/tilted in-
dependently or together in at least two non parallel, i.e.
transverse planes, which contain the axis of the tool and/
or of the probe.

[0017] A preferred arrangement provides that these
supporting and/or guiding means are of such of type as
to allow the probe and/or the tool to be tilted in all direc-
tions independently one from the other or together.
[0018] In accordance with a preferred embodiment of
the invention, these supporting and/or guiding means
may consist of a through hole for the probe and a
through hole for the tool which holes are formed in the
coil enclosure or in an external extension thereof, and
designed to accommodate the probe and the tool.
[0019] This through hole may have such an internal
size as to allow the probe or the tool to slide inside the
body under examination in the axial and/or penetration
direction.

[0020] According to a highly advantageous improve-
ment, this housing hole may accommodate an inter-
changeable element allowing adaptation to the type of
probe and/or of tool in use from time to time.

[0021] This adapter element may consist of a sleeve,
wherein the probe and/or the tool, particularly an injec-
tion syringe, is introduced, the sleeve having such an
internal size as to allow the probe and/or the tool to slide
in its axial direction.

[0022] According to yet another improvement, the
probe and/or the tool may have one or more slides for
axial slidable engagement in corresponding guides pro-
vided on the inner surface of the probe and/or the tool
housing hole or sleeve, or vice versa.

[0023] Advantageously, the probe and/or the tool
housing hole or the probe and/or the tool-holding sleeve
may be formed in a supporting member which is dis-
placeable in one, two, bur preferably three directions
transverse, particularly perpendicular to each other, i.e.
oriented in space along three cartesian axes, one of
which corresponding to the axial direction of the probe
and/or the tool. The displacemenmts of the probe and
of the tool according to only some or all of the direction
provided may be carried out independently for the probe
and for the tool or the two parts execute at least some
of the said displacements together.

[0024] The probe and/or the tool supporting members
may be fastened on a first carriage for axial slidable en-
gagement of the probe and/or of the tool on at least one
first guide.

[0025] Thisfirstguide may be carried by a second car-
riage which is slidably engaged in a direction perpen-
dicular to the probe and/or to the tool axis on at least
one second guide, which in turn may be carried by a
third carriage which is slidably engaged on at least one
third guide, the latter being fastened to the coil enclo-
sure, in another direction, perpendicular both to the first
direction and to the probe and/or to the tool axis.

10

15

20

25

30

35

45

50

55

[0026] A highly advantageous improvement provides
that the probe and/or the tool supporting member has
means for swinging or tilting the probe and/or the tool
axis relative to a predetermined direction, particularly a
substantially vertical direction relative to the body or the
part thereof under examination.

[0027] These tilting means may consist of a swinging
suspension element, particularly a spherical element,
wherein a probe or a tool housing hole is formed, which
element is housed in a corresponding spherical seat
provided inside the supporting member.

[0028] The probe and/or the tool may be displaced
manually, or alternatively motor driven, manually con-
trolled displacing means may be provided for one or
more displacements, which means may be of the me-
chanical, electrical, electromechanical, pneumatic and/
or hydraulic type.

[0029] These motor driven means may consist of at
least one combination, for each type of displacement,
of a motor driven pinion and of a corresponding rack, or
of any other means being suitable for the purpose.
[0030] The diagnostic and/or therapeutic functions of
the tool and/or the functions of the probe may be, oper-
ated manually, or automatic, manually controlled oper-
ation means may be provided.

[0031] Automatic control means may be also provided
for displacing and/or operating the probe and/or the tool.
[0032] These control means may consist of one or
more software programs loaded in a control unit which,
after displaying and interpreting an acquired image,
controls in a predetermined manner the tilt and/or dis-
placement of the probe and/or of the tool and/or the op-
eration of the diagnostic and/or therapeutic functions
thereof.

[0033] This diagnostic and/or therapeutic tool may
consist of a syringe or a needle, particularly for injecting
contrast agents.

[0034] Advantageously, automatic means for pushing
the syringe plunger and/or for automatically supplying
the needle with an appropriate dose of a diagnostic and/
or therapeutic substance drawn from an external tank
through an appropriate tube.

[0035] Alternatively thereto or possibly in combination
therewith, this diagnostic and/or therapeutic tool may
consist of a biopsy needle, and/or a microwave and/or
RF antenna and/or a cryotherapy probe and/or an infra-
red probe, and/or a surgical tool, particularly a curet or
suction tool and/or any other diagnostic and/or thera-
peutic tool whose action may be required in combination
with the MRI apparatus.

[0036] A particular kind of therapeutic tool may con-
sist of an additional ultrasound (US) probe for irradiating
anatomic parts with sound. As is known, a type of ultra-
sounds may be used for a therapeutic purposes, for in-
stance by using the potential destructive action thereof
on neoplastic tissues or the like.

[0037] A preferred embodiment of the inventionis pro-
vided by a so-called dedicated apparatus which, as is
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known, has a comprehensively small size, and in which
the receiving coil also has a small size, for imaging lim-
ited anatomic parts of a body under examination, par-
ticularly shoulders.

[0038] This apparatus may be provided with a shoul-
der imaging coil of the closed type, particularly having
an essentially annular shape, or of the open type, par-
ticularly having a C shape.

[0039] A particular advantage of the combination of
an MRI imaging apparatus with an ultrasound imaging
apparatus results from the following. MRI sequences
may be very long, whereby advantages may be ob-
tained from using ultrasound imaging to orient the tool,
particularly an injection needle. Once the latter is in the
proper position, the ultrasound probe may be disabled,
the contrast agent may be injected, and the MRI excita-
tion sequences may be initiated, followed by tissue
transmitted sequences.

[0040] The ultrasound probe may be supported and/
or displaced and/or operated manually, or there may be
provided, wholly or partly, supporting and/or displacing
and/or operating means like those described above,
which may assist the operator in aiming operations even
for the ultrasound probe.

[0041] The apparatus according to the invention is a
so-called combined apparatus, i.e. used for Magnetic
Resonance imaging and ultrasound imaging, particular-
ly operating in a time-sharing mode, which allows to op-
timize the functions of electronic image processing
means.

[0042] According to an advantageous improvement,
the ultrasound probe may include means for detecting
the position of the probe by MRI, so that the position of
the individual ultrasound scan sections may be defined
relative to MRl images and that the desired relations be-
tween the two image types may be established.

[0043] Moreover, the means for supporting and/or dis-
placing the ultrasound probe and/or the probe itself may
have analog or digital, mechanical, electromechanical,
electronic or optoelectronic means for detecting the po-
sition of the ultrasound probe relative to the anatomic
part under examination and/or to the Magnetic Reso-
nance imaging volume.

[0044] The advantages of this invention are self-evi-
dent from the above, and consist in that a stable struc-
ture is provided for supporting a diagnostic and/or ther-
apeutic tool, e.g. a syringe or a needle and a ultrasound
probe, which may assume and maintain more easily a
defined position relative to the body under examination
or a part thereof (total body mode and dedicated mode).
By this arrangement, the injection may be performed in
a much more accurate manner and with no risk for the
patient, especially when compared to manual displace-
ment of the syringe or needle. Thanks to the inventive
apparatus, both the anatomy of the region under exam-
ination and the image of the needle may be simultane-
ously displayed, whereby it is possible to get closer to
the region of interest, and to avoid a repeated injection
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or even damages. The possibility of integrating mechan-
ical instrument displacement and/or orientation mecha-
nisms further simplifies the operator's task, whereas a
wholly automatic control of the orientation and introduc-
tion of the needle may be provided, with specific injec-
tion times to improve the synchronization between con-
trast agent perfusion in the region under examination
and imaging. It is also possible to evaluate very accu-
rately not only the position but also the intensity of per-
fusion. The possibility of also integrating an ultrasound
probe considerably increases the versatility of the ap-
paratus.

[0045] Further characteristics and improvements will
form the subject of the dependent claims.

[0046] Further characteristics and advantages of the
invention will appear more clearly from the following de-
tailed description of the annexed figures, in which:

Figure 1 shows a sectional view of an apparatus of
this invention having a first type of receiving coil,
with the patient in the MRI examination position.
Figures 2 and 3 are two different perspective views
of a second type of receiving coil according to the
invention and being associated to a supporting
member for an ultrasound probe and for a diagnos-
tic or therapeutic tool.

Fig. 4 is a sectional view of the area of the receiving
coil as shown in Fig. 1 and having means for sup-
porting an injection syringe.

Fig. 5 shows an enlarged detail of the syringe sup-
porting portion according to the embodiment of Fig.
4.

Fig. 6 shows a receiving coil having a double sup-
port for a needle or the like and an ultrasound probe
for a combined MRI/US apparatus according to this
invention.

Fig. 7 is a sectional enlarged view of the needle sup-
porting housings for the needle and the ultrasound
probe according to the coil of Fig. 6.

Fig. 8 is a sectional view of the syringe supporting
portion, having a slide for translating the syringe
and means for tilting the syringe.

Fig. 9 is the same view as Fig. 8, the syringe being
oriented with a different tilt angle with respect to Fig.
8.

Fig. 10 is the same view as Figs. 7 and 8, the coil
having syringe tilting and translating means and
dosing means for directly and automatically supply-
ing the syringe.

Figs. 11 and 12 show top plan views of further em-
bodiments of a receiving coil, with two types of
translating guides for the support member for the
ultrasound probe and for the diagnostic or thera-
peutic tool.

Fig. 13 is the same view as Fig. 10, motor driven
means being provided for displacing and orienting
the syringe or the like.
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[0047] Referring to Fig. 1, a dedicated combined MRI
imaging and ultrasound imaging apparatus of this inven-
tion is shown. The example illustrated and described
and particularly related to the examination of the shoul-
der is not to be considered a limitation of the present
invention which may be applied to whatever anatomical
district or whatever kind of body or part under examina-
tion. As is known, the above mentioned dedicated type
of apparatus has the advantage of a relatively low cost
and of a considerable comfort, versatility and ease of
use and installation, particularly when compared with
larger apparatuses. This apparatus for imaging a body
C under examination or a part thereof comprises a mag-
netic structure 1 having at least two opposite poles
which define an intermediate cavity, between which a
static magnetic field is generated in a predetermined im-
aging volume of said cavity. The cavity may be accessed
from one or more openings of the magnetic structure 1.
The body under examination C, or a part thereof is in-
serted in the cavity with the region to be examined pass-
ing through the imaging volume. The apparatus further
includes at least one transmitting coil, having the pur-
pose of sending a sequence of Radio Frequency nucle-
ar spin exciting electromagnetic pulses in a predeter-
mined order, and at least one receiving coil 2 which
records the nuclear emissions relative to the transmitted
electromagnetic pulses.

[0048] Asis known, due to the low intensity of the MRI
signals transmitted by nuclei, the receiving coil 2 must
have such a size and a shape as to be as close as pos-
sible to the body C under examination. The receiving
coil 2 includes an external enclosure or a covering and
finishing case. This case is made of a material which
does not interfere with MRI, generally plastic. The coil
2 may be further provided with a bearing and supporting
pedestal 402.

[0049] In Figs. 1to 6 and 11, 12 variously shaped re-
ceiving coils 2 designed for the shoulder are shown. In
Figs. 1 and 4, the receiving coil 2 is arranged to have a
C shape, i.e. open on one side for an easy introduction
of the shoulder under examination, whereas in Figs. 2,
3 to 6 and 11, 12 the coil 2 is made of a strap-shaped
element having an essentially annular section, which re-
quires the arm to be inserted therein to allow the coil 2
to reach the shoulder. In Fig. 2, the coil 2 is a substan-
tially annular strap-shape element, which is additionally
curved according to an axis perpendicular to the axis of
the annular element. The coil 2 is applied on the shoul-
der in the same manner as the coil 2 of Fig. 1.

[0050] As widely described in the introduction, this in-
vention provides that the coil 2 is provided with means
for supporting a diagnostic and/or therapeutic tool and
an ultrasound probe 22 of an ultrasound imaging appa-
ratus combined with the MRI apparatus. Ultrasound im-
aging systems, send ultrasound pulses in a region under
examination and collects the reflected ultrasound pulse.
This reflected pulses acrry information about the reflec-
tors which may be retrieved form the reflected pulses

10

15

20

25

30

35

40

45

50

55

and transformed in image data that are printable on a
monitor screen.

[0051] A wide variety of instrument types to be asso-
ciated to the receiving coil 2 has been mentioned above.
In the drawings, this instrument consists of an injection
syringe 3, particularly for injecting contrast agents,
which shall be only intended as a nonlimiting example.
[0052] In the drawings may examples and embodi-
ments of the supporting means having different features
are shown with reference to the therapeutic tool, i.e. to
the syringe. The invention is to be understood that for
sake of simplicity the same means may be used in com-
bination with the ultrasound probe also if this means
have not been illustrated separately in combination with
the probe, since this would consist in an unnecessary
repetition of the features already disclosed in combina-
tion with the syringe.

[0053] In accordance with a particularly simple em-
bodiment of the invention, the supporting means for the
probe 22 and for the tool may consist of a through hole
4 formed in the enclosure of the coil 2 or in an external
extension 302 thereof, and designed to accommodate
each one respectively the syringe and the probe 22. This
holes 4 may be formed in any position, particularly in an
end portion, in the case of the C-shaped coil 2 and a
median portion, in the case of the two annular coils 2.
Obviously, this through holes 4 has such an internal size
as to allow the syringe 3 and the probe 22 to be inserted
in the corresponding hole 4 and to slide in the axial di-
rection. Relating to the syringe the axial displacement
allows the needle 5 to penetrate the body C under ex-
amination. Relating to the probe the axial displacement
allows the probe to be brought in contact with the sur-
face to be investigated also by ultrasound waves. In
practice, in most cases, the holes will have a circular
section with a slightly greater diameter than the diame-
ter of the syringe body 3 and of the probe 22. Anyway,
this holes 4 are an effective means for supporting and
guiding the syringe 3 and the probe 22 and a good help
for the operator. When the needle 5 of the syringe 3 is
inside the imaging volume of the receiving coil 2, the
aiming operations will be further facilitated by the pos-
sibility of simultaneously viewing the MRI images and
the ecographic images of the tissues and of the needle
5.

[0054] According to an improvement, this through
holes 4 may accommodate an interchangeable element
for adaptation to the tool type and to the probe type
which are to be used from time to time. The interchange-
able elements may be a sleeve 6 wherein the syringe 3
and the probe 22 are introduced (Figs. 6, 7). Obviously,
the sleeves 6 have such an internal size and shape as
to fit to the syringe 3 and to the probe 22. Furthermore
the internal size and shape of the sleeves 6 is such as
to allow the syringe 3 and/or the probe 22 to slide in their
axial direction. The syringe 3 may slide freely inside the
hole formed in the case or in the sleeve 6, or with the
help, for instance, of a combination of slides and guides
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provided on the outer surface of the syringe body 3 and
on the inner surface of the hole 4 respectively, or vice
versa. Alternatively or in combination, this construction
may be provided also for the probe 22.

[0055] In the embodiment as shown in Fig. 7, means
are provided for tilting the syringe 3 and the probe 22
substantially in all directions turned toward the body un-
der examination C and in a substantially vertical direc-
tion relative to the latter, for the purpose of improving
the possibilities to aim the needle 5 and the probe 22.
These means consist of a spherical element 7, 7' which
acts as a swinging suspension element housed in a cor-
responding spherical seat 108 formed inside the thick-
ness of the case, but preferably inside a support element
8 which is in turn attached to the case of the receiving
coil 2. This spherical elements 7, 7' have a through hole
4 for the syringe 3 and for the probe 22 to be introduced
and slide therein. Alternatively, any other swinging sus-
pension element may be provided, for instance a gimbal
which, as is known, is a joint with two perpendicular os-
cillation axes, allowing motion in all directions. Accord-
ing to an improvement, members may be provided to
restrict the rotation of the elements 7, 7' inside the seat
108, e.g. small pads having such a construction as to
generate a variable friction or one or more locking ele-
ments, or the like.

[0056] Motor driven means may be further provided
allowing the syringe 3 and/or the probe 22 both to slide
and be tilted (Fig. 13). This means are illustrated only
with respect to the syringe 3 but may be provided alter-
natively or at the same time also for the probe 22, the
construction of the above mentioned means being es-
sentially identical also for the probe 22. In the first case
of the said motor drive means, there is provided a com-
bination of at least one motor driven pinion 9 and at least
one corresponding rack-like linear set of teeth, arranged
axially on the outer surface of the syringe 3 or possibly
of the sleeve 6 in which the syringe 3 and/or the probe
22 is held. In the latter case, an advantageous arrange-
ment consists in that the syringe 3 and/or the probe 22
are secured in the sleeve 6, e.g. by means which pre-
vent it from projecting on the side toward the patient C,
which may consist, for instance, of a suitable annular
flange 106, which causes the diameter of the sleeve 6
to narrow at its end turned toward the patient C. Regard-
ing the displacement of the spherical elements 7, 7' two
rubber tracks may be provided on the surface thereof,
each following half-meridians corresponding to perpen-
dicular planes, whereon a small wheel splined on a driv-
ing motor or a gear 11 for engagement of a rack 107"
shaped like a sector of a sphere 7, 7' rotates. Obviously,
several other mechanical displacement arrangements,
widely known per se, may be provided as an alternative
thereto or in combination therewith.

[0057] With reference to Fig. 13, the supporting ele-
ment 8 is provided with means allowing displacement in
two directions which are substantially perpendicular to
each other and to the axis of the syringe 3 when the
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latter is not in the tilted condition. The displacement in
the first direction, which is substantially radial with re-
spect to the peripheral edge of the case is obtained by
fitting the supporting element 8 at the external end of a
carriage 12, particularly having a tubular shape, which
is slidably engaged on guides 13. This movement may
be motorized by providing a worm 14 which acts on an
internally threaded bush 15, integral with the carriage
12. This bush 15 may be linked to a driving motor which
causes the worm 14 to rotate and the carriage 12 to
translate. The movement in the second direction which,
as shown in Figs. 11 and 12, may be a substantially co-
incident or parallel direction with respect to the periph-
eral edge of the case or in a direction corresponding to
a line secant or tangent to said edge, is obtained by ar-
ranging the guides 13 to be in turn carried by an addi-
tional carriage 16 slidably engaged on an additional pair
of guides 17 provided within a supporting element 18
attached to the peripheral edge. It shall be understood
that all the above mechanical displacement arrange-
ments are only provided by way of example, any other
prior art arrangement being allowed.

[0058] Allthe guides illustrated herein, and particular-
ly the translation guides 17 may be integrated in a hid-
den manner within the structure of the case of the re-
ceiving coil 2, as shown by the coils of Figs. 2 and 3.
Here, a slit allows the passage of a stirrup for connection
with the carriage or the slide, sliding on the guide which
follows the edge of the receiving coil.

[0059] In Figs. 10 and 13, the diagnostic tool is an in-
jection needle 23, particularly for injecting contrast
agents. At the upper end, this has an element 19 for con-
nection to a tube 20 linked to automatic dosing means
21 for supplying with a predetermined pressure the de-
sired dose of contrast agent.

[0060] In Fig. 6, the guiding principle is shown as ap-
plied to a combined apparatus for simultaneous Mag-
netic Resonance and Ultrasound imaging. Each of the
above diagnostic techniques has its own peculiar char-
acteristics and is particularly suitable for imaging certain
specific anatomic structures. The combined apparatus-
es tend to integrate both technologies, while trying to
obtain as great an advantage as possible from each of
them, for the purpose of obtaining as good a diagnostic
image as possible, thanks to a good integration of the
two images. Moreover, they generally allow to precisely
detect the position of the ultrasound probe 22 with re-
spect to the MRI volume, both to obtain the desired ap-
propriate integration of the two images and to focus with
a high accuracy the transmission of ultrasounds.
[0061] According to another feature of the invention
the therapeutic tool may consist in a further ultrasound
probe used as an ultrasound source for emitting ultra-
sound energy having surgical or therapeutic action, for
instance for the destructive action they can exert on ne-
oplastic tissues or the like.

[0062] Infigures 6 and 7 a syringe 3 for injecting con-
trast agents and an ultrasound probe 22, particularly for
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irradiating a shoulder with sound, are provided in an
support element 8 which is appropriately oversized as
compared with the one described above. Obviously the
seat for the probe 22 shall be adapted to the conforma-
tion thereof. The ultrasound probe 22 itself is provided
with means 7' which allow it to be tilted, whereas trans-
lation is performed by means shared by the two instru-
ments and like those described above. Obviously, the
probe may be arranged to be either of the manual op-
eration and displacement type, or provided with its own
separate means for displacement thereof along the part
C under examination, distinct from those of the syringe
3. The signals from the ultrasound probe 22 and the re-
ceiving coil 2 may be advantageously processed with
the well-known time sharing procedure which, as is
known, provides that the electronic means for process-
ing the received signals and for constructing a digital
image formed by an array of pixels are at least partly the
same for Magnetic Resonance signals and Ultrasound
signals, particularly as regards equal imaging functions.
These programs are executed alternately based on the
type of corresponding received signal being processed
from time to time.

[0063] It shall be noted that the means 8 for support-
ing the probe 22 may be such that the latter is at least
partly located inside the MRI volume. This allows to in-
tegrate means for detecting the position of the probe 22
which may consist, for instance of one or more marking
elements provided on the probe and recognizable by
MRI.

[0064] It shall be also noted that the needle or any
other similar diagnostic or therapeutic tool and the ultra-
sound probe may be supported in a simultaneous and
substantially identical manner by one or more of the ar-
rangements provided in this description as regards the
needle only and in any combination or subcombination
thereof.

[0065] Itis further important to consider that any other
diagnostic or therapeutic tool may be provided in lieu of
the ultrasound probe.

[0066] The ultrasound probe or any other tool and the
needle or the like may be simultaneously supported in
such a manner as to allow said two devices to be dis-
placed with independent degrees of freedom or to only
allow them to be displaced together with no possibility
to change their relative position. To this end, the embod-
iment of Figs. 6 and 7 only allows the needle and the
probe to be tilted in different manners. An additional ex-
ample may consist in providing a construction as shown
in Figs. 2, 3and 11 and 12, wherein the same supporting
member may be arranged to carry the needle or the like
and the probe, the needle and the probe being only al-
lowed to be displaced along the guide together and not
independently from each other. Alternatively as shown
by the dotted line indicated by the number 602 at least
one additional movable probe supporting member is
provided, which is displaced, for instance, along the
same translation guide for the needle support or the like,
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but is wholly independent and unlinked from the needle
supporting member or the like. The

[0067] Obviously, the invention is not limited to the
embodiments described and illustrated herein, but may
be greatly varied, especially as regards construction,
without departure from the guiding principle disclosed
above and claimed below.

Claims

1. An imaging apparatus, comprising a magnetic
resonance imaging apparatus with at least one
transmitting coil for exciting the matter of a body (C)
under examination or of a part thereof and at least
one coil (2) for receiving the signals transmitted by
the body under examination or a part thereof, as
well as electronic means for processing said re-
ceived signals to create a diagnostic image and in-
cluding means (4, 6, 7, 8, 108, 9, 10, 11, 12, 13, 14,
15, 16, 17, 18) for supporting and/or guiding at least
one diagnostic and/or therapeutic tool (3, 23), which
particularly has an essentially elongated shape,
and particularly is to be inserted in the body (C) in
a well-determined position and with a precise orien-
tation characterized in that it further comprises an
ultrasound imaging apparatus having an ultrasound
transmitting and receiving probe (22) and electronic
mans for driving the probe and for reconstructing an
image from the received ultrasound pulses, means
being provided for supporting and/or displacing
and/or operating the said probe (22).

2. An apparatus as claimed in claim 1, character-
ized in that said supporting and/or guiding means
(4,6,7,7'8,108, 9, 10, 11, 12, 13, 14, 15, 16, 17,
18) are associated to the receiving coil (2).

3. An apparatus as claimed in claim 2, character-
ized in that it includes a case or enclosure for the
receiving coil (2), made of a material which does not
interfere with Magnetic Resonance signals, gener-
ally plastic, whereon the means (4, 6, 7, 7' 8, 108,
9,10, 11, 12, 13, 14, 15, 16, 17, 18) for supporting
and/or guiding the tool (3, 23) and the probe (22)
are supported and/or fastened and/or anchored.

4. An apparatus as claimed in claim 2 or 3, charac-
terized in that said supporting and/or guiding
means (4,6,7,7', 8,108, 9, 10, 11, 12, 13, 14, 15,
16, 17, 18) may be provided in an external or inter-
nal position relative to the enclosure of the receiving
coil (2).

5. An apparatus as claimed in one or more of the
preceding claims, characterized in that said sup-
porting and/or guiding means (4, 6,7, 7', 8, 108, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18) may have one,
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two but preferably at least three degrees of freedom
with respect to the enclosure of the receiving coil

).

6. An apparatus as claimed in one or more of the
preceding claims, characterized in that said sup-
porting and/or guiding means (4, 6, 7, 8, 108, 9, 10,
11, 12,13, 14, 15, 16, 17, 18) are of such a type as
to allow the diagnostic and/or therapeutic tool (3,
23) and/or the ultrasound probe (22) to be displaced
independently or together in their axial and/or pen-
etration direction.

7. An apparatus as claimed in one or more of the
preceding claims, characterized in that said sup-
porting and/or guiding means (4, 6,7, 7', 8, 108, 9,
10,11, 12,13, 14, 15, 16, 17, 18) are of such a type
as to allow the tool (3, 23) and or the probe (22) to
be displaced independently one form the other or
together in one or two directions transverse to each
other and to the axial direction, particularly in three
perpendicular directions, i.e. oriented in space
along three cartesian axes.

8. An apparatus as claimed in one or more of the
preceding claims, characterized in that said sup-
porting and/or guiding means (4, 6, 7, 7' 8, 108, 9,
10, 11, 12,13, 14, 15, 16, 17, 18) are of such a type
as to allow the tool (3, 23) and/or the probe (22) to
be swungftilted in at least one plane containing the
axis of the tool (3, 23) and/or of the probe (22).

9. An apparatus as claimed in one or more of the
preceding claims, characterized in that said sup-
porting and/or guiding means (4, 6,7, 7', 8, 108, 9,
10, 11,12,13, 14, 15, 16, 17, 18) are of such a type
as to allow the tool (3, 23) and/or the probe (22) to
be swung/tilted in at least two non parallel, i.e. trans-
verse planes, which contain the axis of the tool (3,
23) and/or of the probe (22).

10. An apparatus as claimed in one or more of the
preceding claims, characterized in that said sup-
porting and/or guiding means (4, 6, 7, 7', 8, 108, 9,
10, 11, 12,13, 14, 15, 16, 17, 18) are of such a type
as to allow the diagnostic and/or therapeutic tool (3,
23) and/or the probe (22) to be tilted in every direc-
tion.

11. An apparatus as claimed in one or more of the
preceding claims, characterized in that said sup-
porting and/or guiding means consist of a through
hole (4) formed in the enclosure of the coil (2) or in
an external extension (302) thereof, and designed
to accommodate the tool (3, 23) and/or the probe
(22).

12. An apparatus as claimed in one or more of the
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preceding claims, characterized in that said
through hole (4) may have such an internal size as
to allow the tool (3, 23) and/or the probe (22) to slide
inside the body (C) under examination in the axial
and/or penetration direction.

13. An apparatus as claimed in one or more of the
preceding claims, characterized in that said hous-
ing holes (4) may accommodate an interchangea-
ble element (6) allowing adaptation to the type of
tool (3, 23) and/or to the type of probe (22) in use
from time to time.

14. An apparatus as claimed in one or more of the
preceding claims, characterized in that said
adapter element consists of a sleeve (6), wherein
the tool, particularly an injection syringe (3), and/or
the probe are introduced, the sleeve (6) having such
an internal size and such an internal shape as to fit
to the syringe (3) and to the probe (22) and to allow
the syringe (3) and the probe (22) to slide in the axial
or needle penetration direction.

15. An apparatus as claimed in one or more of the
preceding claims, characterized in that the tool (3,
23) and/or the probe (22) has one or more slides for
axial slidable engagement in corresponding guides
provided on the inner surface of the tool housing
hole (4) or sleeve (6), or viceversa.

16. An apparatus as claimed in one or more of the
preceding claims, characterized in that the holes
(4) for housing the tool (3, 23) and the probe (22)
or the tool-holding and/or the probe-holding sleeves
(6) are formed in a supporting member (8) which is
displaceable in one, two, but preferably three direc-
tions transverse, particularly perpendicular to each
other, i.e. oriented in space along three cartesian
axes, one of which corresponding to the axial direc-
tion of the tool (3, 23) and/or of the probe (22).

17. An apparatus as claimed in one or more of the
preceding claims, characterized in that the mem-
ber (8) for supporting the tool (3, 23) and/or the
probe (22) is fastened on a first carriage for axial
slidable engagement of the tool on at least one first
guide.

18. An apparatus as claimed in one or more of the
preceding claims, characterized in that said first
guide is carried by a second carriage (12) which is
slidably engaged in a direction perpendicular to the
axis of the tool (3, 23) on at least one second guide
(13).

19. An apparatus as claimed in one or more of the
preceding claims, characterized in that said sec-
ond guide (13) is carried by a third carriage (16)
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which is slidably engaged on at least one third guide
(17), fastened to the enclosure of the coil (2), in an-
other direction, perpendicular both to the first direc-
tion and to the axis of the tool (3, 23) and/or of the
probe (22).

20. An apparatus as claimed in one or more of the
preceding claims, characterized in that the mem-
ber (8) for supporting the tool (3, 23) and/or the
probe (22) has means (7, 7', 108) for swinging or
tilting the axis of the tool (3, 23) and/or of the probe
(22) relative to a predetermined direction, particu-
larly a substantially vertical direction relative to the
body (C) or the part thereof under examination.

21. An apparatus as claimed in one or more of the
preceding claims, characterized in that said tilting
means consist of a swinging suspension element,
particularly a spherical element (7, 7'), wherein a
hole (4) for housing the tool (3, 23) and/or the probe
(22) is formed, which element (7, 7') is housed in a
corresponding spherical seat (108) provided inside
the supporting member (8).

22. An apparatus as claimed in one or more of the
preceding claims, characterized in that the tool (3,
23) and/or the probe (22) may be displaced manu-
ally, or alternatively motor driven, manually control-
led displacing means (9, 10, 11) may be provided
for one or more displacements, which means may
be of the mechanical, electrical, electromechanical,
pneumatic and/or hydraulic type.

23. An apparatus as claimed in one or more of the
preceding claims, characterized in that said motor
driven means may consist of at least one combina-
tion, for each type of displacement, of a motor driv-
en pinion (9) and of a corresponding rack (10), or
the like.

24. An apparatus as claimed in one or more of the
preceding claims, characterized in that the diag-
nostic and/or therapeutic functions of the tool (3, 23)
and/or the functions of the probe (22) are operated
manually, or automatic, manually controlled opera-
tion means (21) may be provided.

25. An apparatus as claimed in one or more of the
preceding claims, characterized in that automatic
control means are provided for displacing and/or
operating the tool (3, 23) and/or the probe (22).

26. An apparatus as claimed in one or more of the
preceding claims, characterized in that said con-
trol means consist of one or more software pro-
grams loaded in a control unit which, after display-
ing and interpreting an acquired image, controls in
a predetermined manner the tilt and/or displace-
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ment and/or the operation of the diagnostic and/or
therapeutic functions of the tool (3, 23) and/or the
tilt and/or displacement and/or the operation of the
probe (22).

27. An apparatus as claimed in one or more of the
preceding claims, characterized in that said diag-
nostic and/or therapeutic tool (3, 23) is a syringe (3),
particularly a syringe (3) for injecting contrast
agents.

28. An apparatus as claimed in one or more of the
preceding claims, characterized in that said diag-
nostic and/or therapeutic tool is a needle (23), par-
ticularly for injecting contrast agents.

29. An apparatus as claimed in claim 27 or 28, char-
acterized in that means (21) for automatically
pushing the plunger of the syringe (3) and/or for au-
tomatically supplying a needle (23) with an appro-
priate dose of a diagnostic and/or therapeutic sub-
stance may be provided.

30. An apparatus as claimed in one or more of the
preceding claims, characterized in that said diag-
nostic and/or therapeutic tool is a biopsy needle.

31. An apparatus as claimed in one or more of the
preceding claims, characterized in that said diag-
nostic and/or therapeutic tool is a microwave and/
or RF antenna.

32. An apparatus as claimed in one or more of the
preceding claims, characterized in that said diag-
nostic and/or therapeutic tool is a cryotherapy
probe.

33. An apparatus as claimed in one or more of the
preceding claims, characterized in that said diag-
nostic and/or therapeutic tool is an infrared probe.

34. An apparatus as claimed in one or more of the
preceding claims, characterized in that said diag-
nostic and/or therapeutic tool is an optical-fiber
probe.

35. An apparatus as claimed in one or more of the
preceding claims, characterized in that said diag-
nostic and/or therapeutic tool is a surgical tool, par-
ticularly for cutterage or suction procedures.

36. An apparatus as claimed in one or more of the
preceding claims, characterized in that said diag-
nostic and/or therapeutic tool is an ultrasound
source provided in combination with the ultrasound
probe (22).

37. An apparatus as claimed in one or more of the
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preceding claims, characterized in that it is a so-
called dedicated apparatus which has a compre-
hensively small size, and in which the receiving coil
(2) also has a small size, for imaging limited ana-
tomic parts of a body (C) under examination, par-
ticularly shoulders.

38. An apparatus as claimed in one or more of the
preceding claims, characterized in that it is provid-
ed with a shoulder imaging coil (2) of the closed
type, particularly having an essentially annular
shape, or of the open type, particularly having a C
shape.

41. An apparatus as claimed in claims 39 and 40,
characterized in that it is a combined apparatus
used for Magnetic Resonance imaging and ultra-
sound imaging, particularly operating in a time-
sharing mode.

42. An apparatus as claimed in one or more of
claims 39 to 41, characterized in that the ultra-
sound probe (22) includes means for detecting the
position of the probe (22) by MRI, so that the posi-
tion of the individual ultrasound scan sections may
be defined relative to MRI images and that the de-
sired relations between the two image types may
be established.

43. An apparatus as claimed in one or more of
claims 39 to 42, characterized in that the means
for supporting and/or displacing the ultrasound
probe (22) and/or the probe (22) itself may have an-
alog or digital, mechanical, electromechanical,
electronic or optoelectronic means for detecting the
position of the ultrasound probe (22) relative to the
anatomic part (C) under examination and/or to the
Magnetic Resonance imaging volume.
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