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Description
Background

[0001] Various ultrasound techniques and devices
have been developed for imaging the interior of a body
e.g. the human body. One application of ultrasound im-
aging has been in the medical field, and in particular, in
endocavitary probes (e.g., biopsy guidance endocavitary
probes). Such probes may be used, for example, for en-
dovaginal examination (e.g., to examine the uterus, ova-
ries, etc.), endorectal examination (e.g., to examine the
rectal wall, prostate, etc.), and/or other medically-related
applications. It should be noted that forinstance endorec-
tal examination is rather unpleasant and that biopsy tak-
ing is rather painful and therefore typically requires local
anaesthesia. Typically, endocavitary probes include a
linear array transducer positioned at the distal end or
front end of the probe that is to be inserted into a cavity
of a body. The transducer provides an imaging plane for
viewing structures/features of the body and/or another
instrument (e.g., a biopsy needle) that, for example, may
be guided into the body via the probe. The imaging plane
may be provided at a side of a probe (corresponding to
a "side-fire" transducer) or the front of the probe (corre-
sponding to an "end-fire" transducer).

[0002] Endocavitary probes typically have an elongat-
ed rod-like shape configured with a handle that extends
as a portion of the elongated rod-like shape, but in the
end opposite the distal end. Other ultrasound probes are,
contrary to endocavitary probes, configured for placing
the probe on the skin of the body to provide imaging of
the interior of the body located beneath the skin. Still
other probes (e.g. intra-operative probes) are configured
for placing the probe directly on organs inside the body
during surgery operations.

[0003] Ultrasound probes are, during use as a probe
for imaging purposes, connected to an image processor
e.g.inthe form of a special purpose computer. Theimage
processor is configured to provide stimulation signals to
the probe for emission of ultrasound pulses and to record
reflected ultrasound signals in response thereto. Record-
ed ultrasound signals are processed to provide a pres-
entation of the reflected ultrasound signals in the form of
an ultrasound image on a display screen e.g. a computer
monitor.

[0004] Use of an ultrasound probe for imaging purpos-
es is also denoted ultrasound scanning or simply scan-
ning. Scanning is commonly understood as the act of
systematically emitting a (finely focused) beam of e.g.
ultrasound into a medium at different locations across
the medium in order to produce an image of structures
contained in the medium. The beams are emitted sys-
tematically e.g. by transducer elements arranged in a
linear or curved linear transducer array. An image is gen-
erated from reflections received in response to emitted
ultrasound beams.

[0005] The transducer(s) of the probe has/have a so-
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called field of view which is the sector (usually with a
shape like a sector of a circle) from which reflections are
recorded and displayed as an image. The field of view is
also denoted the imaging plane since field of view can
be thought of as a very thin sector of a disc. A very thin
sector is desired in order to provide precise spatial loca-
tion (e.g. of organs or tumours). This is provided by fo-
cusing the emitted ultrasound waves in a direction trans-
verse to the linear array. Thus, the sector can be de-
scribed as a plane or sector of a circle, but it will have a
certain thickness. The width of the field of view is deter-
mined by the length of the linear array and the shape of
the array. Typically, the array is shaped to extend along
an arc or a circle. The depth of the field of view is among
other things determined by the length of a time-window
within which reflected ultrasound signals are recorded.
[0006] The focusing required to obtain the desired field
of view in a direction transverse to the length of the array
is typically obtained by giving each of the transducer el-
ements a concave surface shape (in a direction trans-
verse to the length of the array). Itis also desired to have
afine focusing in the image planei.e. in a direction along
the length of the array. This is typically achieved by giving
each of the transducer elements a flat surface shape (in
a direction transverse to the length of the array) and then
obtaining a desired focusing electronically. The focused
image acquired from the field of view comprises a number
of radial lines. The number of radial lines in the image
corresponds to radial scan lines (in the tissue scanned)
along which focusing is provided. Thus, the field of view
comprises a number of scan lines.

[0007] The probe typically provides either signals from
a single transducer array for display as one image or
rather sequence of images representing the ultrasound
imaging from the field of view of the single transducer
array. Some ultrasound probes comprise two arrays ar-
ranged perpendicular to each other to provide bi-plane
imaging that is two separate images acquired from the
two different arrays. Thereby a so-called sagittal image
plane and transverse image plane can be provided for
simultaneous display. Bi-plane imaging provides more
spatial information due to acquisition of two images from
two transducers with different fields of view.

[0008] For the vast majority of uses of endocavitary
probes, the probe is used to monitor the safe guidance
of an instrument e.g. a biopsy needle. This monitoring is
typically carried out by means of a probe configured with
a guide that guides the instrument along a predefined
path. The transducer(s) of the probe and the guide are
mutually arranged so as to remain in a fixed position rel-
ative to each other and so as to obtain a field of view
which covers at least a portion of the predefined path
along which the instrument is guided. Thereby safe guid-
ance of an instrument can be obtained.

[0009] The above described observations and tech-
niques are well-known in the field of ultrasound probes.
Below, reference is made to different endocavitary
probes.
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Related prior art

[0010] JP 02071732-A discloses an elongated ultra-
sound probe for biplane ultrasound imaging of a prostate.
The elongated probe comprises an end portion with a
longitudinally arranged transducer array for sagittal im-
aging and a transversely arranged transducer array for
transverse imaging, where the longitudinally arranged ar-
ray is placed perpendicular to the transversely arranged
array, but on the more distal end of the end portion, such
that the image planes of the two transducers intersect
orthogonally. The arrays are formed in a convex arc
shape so as to provide the image planes from radial scan
lines. The arc shapes have a relatively smooth shape.
[0011] The ultrasound probe is disclosed interconnect-
ed with a biopsy needle guide configured for guiding a
biopsy needle longitudinally to the elongated ultrasound
probe, but offset a certain distance from the probe. The
biopsy needle guide is configured such that the biopsy
needle is guided through the opening of the body cavity
and penetrates the body from the interior of the body
cavity.

[0012] US6443902-B1 discloses an ultrasound probe
with a detachable needle guide for collecting tissue sam-
ples. The ultrasound probe is configured for insertion into
a body cavity and comprises two transducer arrays and
a needle guide assembly for guiding a biopsy needle.
The transducer arrays are arranged perpendicular to
each other as described above, so as to provide bi-plane
imaging.

[0013] The needle guide assembly is separate from,
but can be interconnected with the ultrasound probe. The
ultrasound probe can be covered by a soft sheath and
the needle guide assembly can then be attached to the
probe, butsuch thatthe sheath prevents contact between
the probe and assembly. Thus, the needle guide is ar-
ranged outside the sheath in such a mannerthat aneedle
ofthe needle guide need not penetrate the sheath. There-
by, only the assembly, but not the probe needs steriliza-
tion after use. The needle guide is arranged to guide the
needle in a direction transverse to a longitudinal axis of
the elongated ultrasound probe. The biopsy needle guide
is configured such that the biopsy needle is guided
through the opening of the body cavity and penetrates
the body from the interior of the body cavity.

[0014] US 6261 234-B1 (EP 0 955 010 A1) discloses
a probe for providing simultaneous viewing of an instru-
ment in two ultrasound imaging planes (biplane instru-
ment guidance). The probe is configured as an elongated
member with an end-portion that is configured to accom-
modate two transducer arrays. The two transducerarrays
are in the form of a side-fire transducer array and end-
fire transducer array arranged along a respective convex
arc shape to provide two imaging planes. The two imag-
ing planes intersect at a line which coincides with an in-
strument path. A needle guide in the form of a groove of
the probe is arranged to guide the needle along the in-
strument path when it protracts from the groove. Seen
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towards the end-portion, the transducer arrays are ar-
ranged in an L-shaped configuration, where the groove
has an opening, wherefrom the needle protracts, at the
corner of the L-shape.

[0015] US 6,059,731 A discloses an ultrasound imag-
ing catheter system for examining blood vessels.The ul-
trasound imaging catheter system may comprise a
number of side arrays and end arrays positioned around
an longitudinal axis of the ultrasound probe.

[0016] WO 97/38486 A2 discloses an ultrasonic probe
and use of such for constructing three dimensional im-
ages of an region examined by the probe. The ultrasonic
probe comprises two transducer arrays, one used for im-
aging and on used for tracking. By manually moving the
probe, a number of two dimensional images are recorded
at different spatial positions using the imaging array. By
simultaneously using the tracking array, the spatial po-
sition of each of the two dimensional images can be de-
termined. Thereby, the 2 dimensional images can be
merges together creating a three dimensional data-set.
[0017] Despite the above prior art documents disclose
important improvements, the cited prior art documents
do not fully take advantage of the possibilities related to
patient comfort and effectiveness/efficiency in medical
diagnosis situations.

Summary of the invention

[0018] The invention is disclosed in claim 1, with pre-
ferred embodiments disclosed in the dependent claims.
[0019] There is provided an ultrasound probe for cavity
scanning of a body, comprising: an elongated member,
with a longitudinal axis and an end-portion, configured
to accommodate a first transducer; a second transducer
configured to provide a second image plane transverse
to a longitudinal axis of the elongated member. The first
transducer has a field of view established by acquiring
an image along radial scan lines in a first image plane
that coincides with the longitudinal axis. The field of view
covers more than 15 degrees of scan lines at each side
of its intersection with the longitudinal axis and more than
15 degrees of scan lines at each side of its intersection
with a transverse axis that lies in the first image plane
and is perpendicular to the longitudinal axis.

[0020] Consequently, the probe can be used for two
different scanning principles in a sagittal imaging plane:
end-fire scanning and side-fire scanning. This greatly in-
creases the use of the probe since each of the scanning
principles has its own advantages. Since the one and
same probe can be used for the two different scanning
principles the operator of the probe can use the same
probe for both types of scans. The operator does not
have to switch between two different probes. Thereby,
the patient will be exposed to a less complicated endo-
cavitary examination and patient discomfort is thus re-
duced. Further, due to the less complicated endocavitary
examination, effectiveness and efficiency in medical ex-
amination situations is greatly increased.
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[0021] The second transducer array provides a field of
view in a second image plane transverse to the longitu-
dinal axis of the elongated member. This greatly im-
proves the spatial imaging capability in that the second
imaging plane extends in an additional (third) dimension
than the two dimensions of the first imaging plane. This
bi-plane imaging capability is expediently used for pro-
viding image data from the second transducer and a por-
tion of the first transducer covering a sector about the
transverse axis.

[0022] The probe also provides improvements relating
to instrument guidance. When the probe is used in com-
bination with instrument guidance, the two scanning prin-
ciples mentioned above allow biopsy to be taken and
monitored along two differently located paths while the
probe remains in the body cavity. The two different paths
will extend through different locations of the body and
thus provide for taking monitored biopsies at more loca-
tions in the same cycle of operations i.e. the cycle of
operations where the probe is and remains inserted in
the, body cavity.

[0023] Expediently, the first transducer and/or second
transducer have/has a field of view which are/is centred
about the longitudinal axis and/or transverse axis, re-
spectively. Thereby, the field of view provided by the
probe is more intuitively arranged about zero degrees
and/or ninety degrees with respect to the longitudinal axis
of the often rod-shaped probe.

[0024] The field of view, at each side of its intersection
with the longitudinal axis or transverse axis, preferably
covers aradial section larger than an angle selected from
the group of 20, 25, 30, 35, 40, 45, 50 and 55 degrees.
The maximum size of the angular coverage of the field
of view is determined by the shape and length of the
transducer array. But the size of the field of view providing
image data can be reduced electronically as desired. For
larger radial sections about the longitudinal and trans-
verse axis the radial sections may overlap.

[0025] When the field of view established about the
longitudinal axis and the field of view established about
the transverse axis are of substantially same size, the
respectively acquired images can expediently occupy the
same field on a display screen. Thereby switching be-
tween the two images intuitively causes less confusion.
[0026] In a preferred embodiment, the first transducer
comprises a curved array shaped to substantially follow
an arc segment of a circle a with a radius selected form
the ranges 2 to 20 millimetres and/or 4 to 16 millimetres
and/or 4 to 12 millimetres and/or 6 to 12 millimetres.
Thereby imaging comprising non-phase array process-
ing can be performed while providing a sufficiently broad
field of view. Likewise, the second transducer can com-
prise a curved array shaped to substantially follow an arc
segment of a circle a with a radius selected form the
ranges 2 to 20 millimetres and/or 4 to 16 millimetres
and/or 4 to 12 millimetres and/or 6 to 12 millimetres.
When both thefirsttransducer and the second transducer
comprise a curved array shaped to substantially follow
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arc segments of circles with substantial same radius, the
images acquired by the transducers can be presented in
a like layout.

[0027] Expediently, the second transducer array is in-
clined to provide the second image plane atan angle less
than 90 degrees with respect to the longitudinal axis to-
wards the one end of the elongated member. Thereby,
a sector of the firstimage plane about the transverse axis
and the second image plane can be arranged to coincide.
Thereby, e.g. an instrument can be located in both image
planes to provide improved spatial location.

[0028] Preferably, the second transducer is inclined to
provide the second image plane at an angle that is within
the range of 40 to 110 degrees with respect to the longi-
tudinal axis towards the one end of the elongated mem-
ber. An inclination of about 70-80 degrees e.g. 85 de-
grees has been found to be especially expedient. Ac-
cording to the claimed invention the inclination is within
the range of 70- 110 degrees.

[0029] The first transducer is expediently arranged on
the more distal portion of the end than the second trans-
ducer array. Thereby, the first transducer can provide
end-fire imaging without the end-fire field of view colliding
with the structure of the second transducer.

[0030] In an embodiment the ultrasound transducer is
configured to enable selection of: a first mode wherein
an end-view image is acquired from a first portion of the
first transducer array with a field of view that covers scan
lines at each side of the longitudinal axis, and a second
mode wherein a side-view image is acquired from a sec-
ond portion of the first transducer array with a field of
view that covers scan lines at each side of the transverse
axis.

[0031] The first and second portions of the first trans-
ducer array have a field of view that covers a first and a
second sector of ray scan lines; and where the first and
second sectors are arranged to cover a common sector
of scan lines. Thereby the first transducer is utilized more
efficiently in that the elements of the first transducer,
which form the common or overlapping sectors, are used
in both images corresponding to both sectors. Conse-
quently, the same transducer line array can be used for
acquiring both images.

[0032] When a transverse image additionally is ac-
quired in the second mode, but from the second trans-
ducer array, two different and acknowledged principles
for scanning of prostate are provided: bi-plane scanning
in the second mode and end-fire scanning in the first
mode. The bi-plane scanning comprises the side-fire
scanning and the scanning in the transverse imaging
plane.

[0033] When the first transducer array covers a sector
of say more than 160 degrees, more transducer elements
of the line array than pins of a sensible electrical connec-
tor will typically be present. Thus, on the one hand pure
parallel read-out of the individual transducer elements is
ruled out. On the other hand, very few pins would not
provide for read-out of all the transducer elements within
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a sensible timeframe. Therefore, the probe is conven-
iently configured with a multiplexer for a combined par-
allel and time-multiplexed output of image data.

[0034] Preferably, the probe is configured with cou-
pling means for interconnection with a biopsy assembly
with complementary coupling means. Thereby, the probe
can be separately protected by a cover to avoid sterili-
zation of the probe between each and every use of the
probe. The coupling means and the probe and the biopsy
assembly shall allow sufficient clearance for the cover to
protect the probe without being punctured or flawed.
[0035] The probe or biopsy assembly may comprise a
first needle guide configured to guide a needle along a
path which intersects with the first field of view; and a
second needle guide configured to guide a needle along
a path which intersects with the first field of view and the
transverse axis. Thereby, the instrument (e.g. a needle)
can be guided safely since it can be monitored along its
path.

[0036] A known configuration comprises a biopsy nee-
dle guide for guiding a needle a long a path longitudinal
to, but offset from a rod-shaped probe and a side-fire
monitoring of the path (cf. US 6 443 902-B1, fig. 1). How-
ever, this configuration poses problems when used for
taking biopsies of a prostate. A biopsy regimen can in-
clude e.g. at least two biopsies from the apical area of
the prostate (closest to the pelvic floor muscles). In this
situation the biopsy needle will first penetrate into the
human tissue at a small, but sometimes significant dis-
tance behind the sagittal image projection which projects
from the first transducer. Examining the anatomy slightly
below the apex more closely identifies the different pelvic
floor muscles. Itis then clear thatany attempttointroduce
abiopsy needle along, butoffsetfrom the probe will cause
the needle to come close to - or even pass through parts
of the muscles.

[0037] Therefore, expediently, the first needle guide is
arranged to guide a needle in a direction transverse to
the longitudinal axis, and the second needle guide is ar-
ranged to guide the needle in a direction along the elon-
gated member.

[0038] The transversely guided biopsy needle is thus
guided through the opening of the body cavity and pen-
etrates the body from the interior of the body cavity.
Thereby, the basal area (opposite the apical area) of the
prostate can be sampled by biopsy while being safely
monitored by the side-fire imaging. The longitudinally
guided biopsy needle is also guided through the opening
of the body cavity (very close to the periphery of the
probe) and penetrates the body from the interior of the
body cavity. Likewise, butwhenrotated about 90 degrees
and introduced into the body at a more steep angle, the
apical area of the prostate can be sampled by biopsy
while being safely monitored by end-fire imaging. There-
by, the prostate apex and basal can be sampled by biopsy
in the same cycle of operation while being safely moni-
tored by either side-fire or end-fire imaging.

[0039] The combination of the transversely guided bi-
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opsy needle and longitudinally guided biopsy needle pro-
vides a superior probe for taking biopsies of a prostate
in a single cycle of operations.

[0040] Preferably, the first needle guide is arranged to
provide an angle between the needle, when inserted into
the needle guide, and the longitudinal axis of the elon-
gated member within the range of 10 to 50 degrees. The
needle guide can be shaped as a substantially straight
tube or curved tube.

[0041] Preferably, the first needle guide provides an
angle of a needle, when inserted into the first needle
guide, at its projection from the first needle guide and the
longitudinal axis of the elongated member within the
range of 10 to 50 degrees. The projection of the needle
can be controlled by the needle guide to obtain the de-
sired angle of protraction.

[0042] Expediently, the needle guides are arranged,
with respect to the elongated member, to make the nee-
dles, when inserted into the needle guides, protract at
opposite positions with respect to a cross-section of the
biopsy assembly. Thereby, the relevant locations for tak-
ing samples of the tissue under examination can be ad-
dressed by the paths of the biopsy needles by firstly using
the first needle guide to take first biopsies (removing the
biopsy needle) and then simply rotating the probe to take
second biopsies. This is far more convenient than actu-
ally changing probe.

[0043] In a preferred embodiment, the second needle
guide extends along the periphery of the elongated mem-
ber, but offset from the periphery in a direction away from
the point of gravity in a cross-sectional view of the elon-
gated member.

[0044] Inapreferred embodiment, the elongated mem-
ber has a shape that is configured for mechanical inter-
connection with a probe and to match a recess of a probe
so as to provide a combination of the assembly and
probe, when interconnected, that can be circumscribed
by a cylinder that covers at least a portion of the length
ofthe elongated member and has a diameter thatis within
the range of 12 to 30 millimetres.

[0045] The needle guides may be shaped as a tube
with an entry end configured for entry of a needle and an
exit end configured for the needle to project from the nee-
dle guide. The smooth shape of a tube has a smaller
tendency to collect dirt and remainders of tissue, since
there are fewer protrusions.

[0046] To reduce the risk of confusing the acquired im-
ages, marking on biopsy needle guides may correspond
to marking of acquired bi-plane images, respectively,
when displayed on a display screen.

Brief description of the drawings

[0047] Preferred embodiments and further examples
will be described in greater detail and with reference to
the drawing in which:

fig. 1 shows a cross-sectional view of an exemplary
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ultrasound probe comprising a transducer array with
a field of view;

fig. 2 shows a cross-sectional view of an exemplary
ultrasound probe comprising a needle guide ar-
ranged longitudinally and a needle guide arranged
transversely;

fig. 3 shows a cross-sectional view of an exemplary
ultrasound probe comprising a needle guide ar-
ranged along the ultrasound transducer, butinclined;
fig. 4 shows a cross-sectional view of an ultrasound
probe, according to the present invention, in a mode
providing sagittal side-fire imaging and a transverse
imaging;

fig. 5 shows a cross-sectional view of an ultrasound
probe in a mode providing sagittal end-fire imaging;
fig. 6 shows a cross-sectional view of an ultrasound
probe shown with different field of views;

figs 7a-b show a side-view and a top-view of an ul-
trasound probe with a recess for accommodating a
biopsy assembly;

fig. 7c-d shows a top-view and a side-view of a biopsy
assembly;

fig. 7e shows an interconnected ultrasound probe
and biopsy assembly;

fig. 7f shows an ultrasound probe protected by a cov-
er;

fig. 7g shows a biopsy assembly with a curved needle
guide;

figs 8a and 8b show a side-view and a 3D view of
an ultrasound probe in a bi-plane mode;

figs 9a and 9b show a side-view and a 3D view of
an ultrasound probe in an end-fire mode; and

figs 10a and 10b show a side-view and a 3D view of
a biopsy assembly.

Description of a preferred embodiment

[0048] Fig. 1 shows a cross-sectional view of an ex-
emplary ultrasound probe comprising a transducer array
with a field of view. The ultrasound probe 100 is config-
ured for cavity scanning of a body in that it has an elon-
gated or rod-like shape which can be introduced into the
cavity. In general such an ultrasound probe has a handle,
a shaft and a distal end configured to accommodate an
ultrasound transducer 104a; 104b. Only the portion of
the shaft towards the distal end is shown - the handle is
not shown. The distal end of the probe may also be de-
noted a scanning head or the scanning end of the probe.
The probe or rather the distal end of it may also be seen
as a housing in that it accommodates transducer array.
In general the probe has the shape of an elongated mem-
ber.

[0049] Alongitudinal axis 102 of the probe or elongated
member is shown as a dashed line. A transverse axis
103 perpendicular to the longitudinal axis 102 is also
shown as a dashed line.

[0050] In one aspect, the probe 100 is configured to
accommodate at its distal end a first transducer in the
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form of two detached arrays 104a;104b of ultrasound
transducer elements. The two arrays 104a;104b are ar-
ranged in extension of one another, but at an offset dis-
tance in the direction of extension. However, the offset
distance may be so small that the arrays provide imaging
corresponding to a single array. In another aspect, as
described further below, the first transducer is in the form
of a single array. The arrays or array provide(s) an im-
aging plane coinciding with the longitudinal axis 102 and
transverse axis 103i.e. the axeslies in the imaging plane.
For medical uses, this imaging plane is also denoted a
sagittal imaging plane.

[0051] The transducer arrays 104a, 104b are shaped
so as to provide a desired field of view in the sagittal
imaging plane. It is in general desired to use small (i.e.
short) arrays. Consequently, the arrays are shaped along
a convex arc shape to emit and receive ultrasound wave
energy along radial scan lines. The radial structure of the
scan lines provides a sector of a circle which becomes
broader with the distance to the transducer. The smaller
the radius of the convex arc shape, the broader the sector
of the circle. The above is based on a circular arc shape.
However, other arc shapes that provide radial scan lines
can be used. Such other arc shapes can comprise sec-
tions of straight linear arrays each comprising a number
of transducer elements. Complex arc shapes comprising
sections with different radiuses can also be applied to
obtain a desired field of view.

[0052] Since in general small clearance or close con-
tact between the transducer and the housing of the distal
end is desired, the shape of the transducer dictates the
shape of the housing about the transducer. In the shown
configuration, the housing and the transducer has the
shape of a portion of a circular arc. Since it is an objective
to provide a design of the probe which is suitable for
cavity scanning and thus for suitable for being introduced
into the cavity, the probe has a depression 106 behind
the housing that accommodates the transducer arrays
104a,104b. Thereby the field of view 105a about the
transverse axis 103 is allowed to extend further towards
the handle end of the probe without requiring a larger
diameter of the housing.

[0053] The arrays 104a and 104b of the firsttransducer
provide partial fields of view 105a and 105b, respectively.
The field of view 105a,105b provided by the first trans-
ducer 104a,104b covers more than 15 degrees of scan
lines at each side of its intersection with the longitudinal
axis 102 and more than 15 degrees of scan lines at each
side of its intersection with a transverse axis 103. Thus
angles a1, a2, a3 and a4 are larger than 15 degrees. The
angles need not be equal. In a preferred embodiments
a1 plus a2 is approximately equal to a3 plus a4.

[0054] For most practical purposes a partial field of
view of more than 30 degrees is desired. Thus, prefera-
bly, the field of view, at each side of its intersection with
the longitudinal axis or transverse axis, covers a radial
section larger than an angle selected from the group of
20, 25, 30, 35, 40, 45, 50 and 55 degrees.
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[0055] It is shown that the first transducer has partial
fields of view which are centred about the longitudinal
axis 102 and the transverse axis 103. It is also shown
that the field of view 105b established about the longitu-
dinal axis 102 and the field of view 105b established
about the transverse axis 103 are of substantially same
size.

[0056] Fig. 2 shows a cross-sectional view of an ex-
emplary ultrasound probe comprising a needle guide ar-
ranged longitudinally and a needle guide arranged trans-
versely. This arrangement of the needle guides enhanc-
es the use of the ultrasound probe to be used for taking
biopsy samples along two different biopsy paths while
providing safe monitoring of both the paths.

[0057] The transverse needle guide 203 and longitu-
dinal needle guide 204 can, as shown, be integrated with
the probe body 101. Alternatively, as described further
below, the probe can be configured with coupling means
for interconnection with a biopsy assembly with comple-
mentary coupling means. The probe body 101 comprises
a first, transverse needle guide 203 configured to guide
a needle along a path 202 which intersects with the field
of view 105a established about the transverse axis 103.
It further comprises a second, longitudinal needle guide
204 configured to guide a needle along a path 201 which
intersects with the field of view 105b established about
the longitudinal axis 102. Thereby, a needle or other in-
strument guided, by means of the needle guide, along
one of the paths will intersect with at least some of the
scan lines of the respective fields of view and thus be
viewable during the ultrasound scanning. Thereby safe
monitoring of both the paths is provided.

[0058] The transverse needle guide 203 guides a nee-
dle along the path 202. This path intersects the scan lines
of the field of view 105a established about the transverse
axis 103 at angles say between about 25 to 90 degrees.
Thereby, the path 202 is viewable across the entire field
of view.

[0059] Thetransverse needle guideis arranged to pro-
vide an angle between the needle, when inserted into
the needle guide, and the longitudinal axis of the elon-
gated member within the range of 10 to 50 degrees, pref-
erably at about 15 to 20 degrees, e.g. at 17 degrees.
[0060] Fora straighttransverse needle guide the same
angle is provided along the entire path 202. But a needle
guide configured to provide a curved path can also be
employed. Such a curved guide can provide an angle of
a needle, when inserted into the first needle guide, at its
projection from the first needle guide and the longitudinal
axis of the elongated member within the range of 10 to
50 degrees.

[0061] Thelongitudinal needle guide 204 guides anee-
dle along the path 201. This path intersects the scan lines
ofthefield of view 105b established about the longitudinal
axis 102 at angles say between about 5 to 25 degrees.
Thereby, the path 201 is viewable only at a partial sector
of the field of view.

[0062] Seen along the longitudinal axis 102 at a point
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more distal than the housing of the probe and towards
the housing of the probe, the needle guides are arranged,
with respect to the elongated member, to make the nee-
dles, when inserted into the needle guides, protract at
opposite positions with respect to a cross-section of the
biopsy assembly. Thus, e.g. a prostate can be addressed
by either one of the paths 201,202 by rotating the probe
180 degrees about its longitudinal axis.

[0063] In this example, the first transducer is config-
ured as a single array 104. Thereby, the signals to and
from the elements of the transducer array can be elected
electronically so as to provide differently sized or posi-
tioned images from the transducer array. This will be ex-
plained in greater detail further below.

[0064] Fig. 3 shows a cross-sectional view of an ex-
emplary ultrasound probe comprising a needle guide ar-
ranged along the ultrasound transducer, but inclined. In
this embodiment, one of the needle guides 303 extend
in a direction along the elongated member 101. This di-
rection may be parallel to a longitudinal axis of the elon-
gated probe or, as shown, inclined with respect to a lon-
gitudinal axis of the elongated probe. This inclination is
preferably arranged such that the path 302 crosses the
longitudinal axis in front of the transducer 104. The nee-
dle guide 303 can be configured as a straight channel or
a curved channel. Thus, the inclination need not be
present - or be the same - along the entire length of the
guide 303.

[0065] Fig. 4 shows a cross-sectional view of an em-
bodiment of an ultrasound probe in a mode providing bi-
plane imaging. The bi-plane imaging is provided by sag-
ittal side-fire imaging and transverse imaging. The trans-
verse imaging is provided by a second transducer array
405 to provide a second image plane 406 transverse to
the longitudinal axis of the elongated member. Prefera-
bly, the second image plane 406 is orthogonal to the first
image plane 407. The second image plane is also denot-
ed the transverse image plane.

[0066] The transverse image plane 406 may be ar-
ranged so as to coincide with the axis 103 transverse
(perpendicular) to the longitudinal axis 102 i.e. at right
angles or about right angles. However, as shown, it is
preferred that the second transducer array is inclined to
provide the transverse image plane at an angle of less
than 90 degrees with respect to the longitudinal axis to-
wards the distal end of the elongated member. The trans-
verse image plane 406 is shown at an angle of about
(180 degrees minus 107 degrees equal to) 73 degrees
relative to the longitudinal axis 102. Preferably, the sec-
ond transducer is inclined to provide the second image
plane at an angle that is within the range of 40 to 85
degrees with respect to the longitudinal axis towards the
one end of the elongated member.

[0067] As the second transducer 405 is arranged in an
inclined position close to the first transducer 104, the im-
age plane 406 provided by the second transducer inter-
sects the field of view provided by the first transducer.
Thereby, since some spatial locations appear in both im-
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aging planes, the ability provided by the second imaging
plane 406 to scan outside the sagittal imaging plane 407
can improve spatial location determination. As it can be
seen, the transverse field of view will intersect only scan
lines of a sector the first field of view i.e. a partial sector
of the first field of view.

[0068] As it is shown, the first transducer 104 is ar-
ranged at the one end of the elongated member 101, but
on the more distal portion of the end than the second
transducer array 405.

[0069] Itis also shown that only a portion (i.e. a 131.7
degrees sector closest to the transverse array 405) of
the first transducer 104 is used for providing the sagittal
field of view i.e. the portion enclosed by the depicted field
of view 407. The remaining portion of the first transducer
104 may or may not be used when the probe is in a mode
where bi-plane imaging is provided.

[0070] Inthis embodimentthe transverse needle guide
comprises a channel 203 which extends at its distal end
into a projection 404. The longitudinal needle guide com-
prises a channel 401 which extends at its distal end into
a projection 402. An instrument, e.g. needle, follows the
path 403.

[0071] Preferably, the distal opening of the channel
203 is located relative to the (left side boundary of the)
field of view 407. Thereby, the path 202 can be moni-
tored/scanned when the needle starts to protract from
the opening ofthe channel 203 and potentially could dam-
age tissue or organs of a body.

[0072] The angle b designates the inclination of the
transverse field of view 406 relative to the left boundary
of the (sagittal) image plane (407). The angle ¢ desig-
nates the coverage of the (sagittal) field of view 407. The
angle d designates the angle between the longitudinal
axis and the left boundary of the (sagittal) image plane
(407).

[0073] Fig. 5 shows a cross-sectional view of an ultra-
sound probe in a mode providing sagittal end-fire imag-
ing. In this mode another portion of the first transducer
array is used for acquiring the image (image signals).
The end-fire image is provided from a field of view cor-
responding to a sector of a circle of about 140 degrees.
The field of view 501 is substantially centred about a lon-
gitudinal axis 102 of the probe 101. However, this cen-
tring may deviate about =4 degrees as the elements of
the array may be located such that perfect centring is
inconvenient. The angle e designates the coverage of
the sagittal end-fire view 501.

[0074] The probe canbe operatedinone oftwo modes:
one mode providing side fire imaging or bi-plane imaging
comprising side-fire imaging and another mode providing
end-fire imaging. Preferably the probe is configured to
enable selection of a first mode wherein an end-view im-
age is acquired from a first portion of the first transducer
array with a field of view that covers scan lines at each
side of the longitudinal axis. It is possible to shift to a
second mode wherein a side-view image is acquired from
a second portion of the first transducer array with a field
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of view that covers scan lines at each side of the trans-
verse axis. In the second mode the transverse image is
also acquired. The modes can be selected either by op-
erating one or more buttons on the probe or at the image-
processor console.

[0075] Fig. 6 shows a cross-sectional view of an ultra-
sound transducer shown with different field of views. Four
different fields of views in the sagittal image plane ob-
tainable by the first transducer is shown. Two end-fire
fields of views and two side-fire fields of views are shown.
[0076] A first end-fire view 601 has a broader angular
coverage than a second end-fire view 602. The first end-
fire view 601 covers a circular section of about 132 de-
grees. The second end-fire view 602 covers a circular
section of about 84 degrees.

[0077] A first side-fire view 604 has a broader angular
coverage than a second side-fire view 603. The first side-
fire view 604 covers a circular section of about 90 de-
grees. The second end-fire view 602 covers a circular
section of about 132 degrees.

[0078] The second end-fire view 602 and the second
side-fire view 603 are positioned next to each other and
have in combination a non-overlapping coverage. Ifthese
side-fire and end-fire views are the desired views for all
uses of the probe, the first array 104 need not cover a
larger field of view. However, these side-fire and end-fire
views may also represent electronically selected field of
views from the - larger - field of view provided by the first
transducer.

[0079] The first end-fire view 601 and the first side-fire
view 604 are positioned such that they establish a com-
mon field of view or overlap. This may be desired in any
event since the common field of view improves the ability
to keep a reference location when switching from the
side-view to the end-view and vice versa. However, this
may also be so since the field of view provided by the
firsttransducer array has a limited length. Thus, the fields
of view (or sectors) are arranged to cover a common
sector of scan lines.

[0080] The angle f designates the angle between the
longitudinal axis and the left side boundary of the (sag-
ittal) field of view 603 and the angle g designates the
angle between the longitudinal axis and the left side of
view 601. Angle h designates the coverage of view 601.
[0081] The probe will typically comprise electronic cir-
cuitry configured with a multiplexer for a combined par-
allel and time-multiplexed output of image data.

[0082] Figs 7a-b show a side-view and a top-view of
an ultrasound probe with a recess for accommodating a
biopsy assembly. In this embodiment, the biopsy assem-
bly comprises the needle guides and is detachable from
the ultrasound probe 700. The probe comprises an elon-
gated shaft 702 with a recess 703 and a distal end with
a housing 701 configured to accommodate the transduc-
erarrays (notshown). The housing 701 (or scanner head)
constitutes a portion of the probe 700. As shown the
housing 701 has a cross-section which matches the
cross-section of the shaft so as to form a probe with no
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sharp protrusions. The housing 701 has portions or win-
dows 704,705 behind which the transducer arrays are
mounted. The windows are optimized for transmission
of ultrasound between the transducers and the medium
to be scanned that surrounds the probe during use.
[0083] An indentation or notch 715 provides a fixation
hole of the assembly.

[0084] Figs 7c-d show a top-view and a side-view of a
biopsy assembly. The biopsy assembly 706 comprises
the needle guides and is detachable from the ultrasound
probe 700.

[0085] The biopsy assembly 706 has an elongated
member 707 with a cross-section in the shape of a half-
section of a tube (e.g. a semi-cylindrical member). This
cross-section of the elongated member matches the re-
cess 703 of the probe so as for the assembly to be inter-
connected with the probe and form an interconnected
probe and assembly which is relatively smooth and which
is relatively closely interconnected such that larger slits
or slots between the probe and assembly are avoided.
[0086] A collar 708 provides fixation of the assembly
at the handle-end of the probe. At the opposite end of
the elongated member a knob or pin 716, when engaging
with the notch 715, provides locking of the assembly at
the distal end of the probe. Retention is further improved
by an upper lip 709 and a lower lip 711 which engage
with a portion of the periphery of the probe.

[0087] The upper lip 709 and lower lip 711 are config-
ured with openings 710 and 718 wherefrom instruments
inserted into the channels 717 and 712 can protract to
follow the biopsy paths into the tissue under examination.
[0088] The needle guide 712 extends along the periph-
ery of the elongated member 707, but offset from the
periphery in a direction away from the point of gravity in
a cross-sectional view of the elongated member. This
offset distance is only about a few millimetres or a fraction
of a millimetre. As shown this offset distance can very
along the length of the elongated member 707.

[0089] Thechannels are made from a material that can
stand sterilization and is robust to damage caused by a
sharp instrument introduced in the guide e.g. high quality
stainless steel or a suitable plastic material that can stand
autoclaving or for disposable (single use) biopsy guides
or assemblies a plastic material that can stand steriliza-
tion by gas or radioactive radiation. The channel 712 is
held in a fixed position relative to the elongated member
by means of a fixture 714.

[0090] The elongated memberis made from a material
that can stand autoclaving.

[0091] Thechannels 717 and 712 terminate atthe han-
dle-end in respective end-pieces 719 and 720 which are
shaped as a convex cylinder for the operator of the probe
to place two fingers and securely (single-handed) main-
taining the finger grip when the instrument or needle is
to be introduced into the guide. The end-pieces may op-
tionally have a tactile surface on a portion of surface to
facilitate secure handling. Preferably, marking on the
end-pieces corresponds to marking of the bi-plane im-
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ages acquired by means of the first transducer in side-
fire mode and end-fire mode, respectively, when dis-
played on a display screen.

[0092] Fig. 7e shows an interconnected ultrasound
probe and biopsy assembly. It can be seen that the collar
708 and upper lip 709 and lower lip 711 engage with the
probe. It can further be seen that the knob or pin 716
engages with the notch 715 to form a locking mechanism.
[0093] Fig. 7f shows an ultrasound probe protected by
a cover. The assembly is detached from probe, but is
shown next to the probe. The probe is covered by a cover
720 such that the probe is protected from direct contact
with the patient when introduced into a body cavity.
Thereby disinfection of the probe after use is not needed.
The probe is ready for its next use after common cleaning
thereof (when the cover 720 has been removed). There-
by, the assembly 706 does not need to come into direct
contact with the probe. Arranging the assembly in this
manner is particularly advantageous in that a needle will
not penetrate the cover 720. As a result the probe is not
unnecessarily contaminated and thus need not be disin-
fected after each use.

[0094] Fig. 7g shows a biopsy assembly with a curved
needle guide. In this embodiment the transverse guide
721 is shown as a guide with a curved channel. Thereby,
the angle of protraction can be arranged with fewer con-
straints than a straight channel. Especially, the handle-
end of the guide can be placed with fewer constraints
thus allowing a more ergonomic or operator friendly de-
sign. Reference numerals 722 and 723 designate paths
of the needles guided through the transverse and longi-
tudinally extending needle guide, respectively.

[0095] Figs 8a and 8b show a side-view and a 3D view
of an ultrasound probe in a bi-plane mode. The probe
comprises a handle 801 and a shaft 802 with a scanning
head 803. The handle has two buttons 805 for shifting
between modes of the probe e.g. one of the buttons se-
lects the end-fire mode and the other selects the bi-plane
mode. At the handle-end a cable connection 804 is pro-
vided.

[0096] The probe is interconnected with a biopsy as-
sembly with an elongated member 815 which is main-
tained interconnected with the probe by means of aclamp
806. An upperlip 811, alowerlip 810, alongitudinal guide
channel 809 and end-pieces 808 thereof are also shown.
Further, an end-piece 807 of a transverse guide is also
shown and the biopsy path 812 established by the trans-
verse guide is also shown.

[0097] The probe is shown in a mode that provides bi-
plane imaging with a sagittal field of view 813 and a trans-
verse field of view 814. The sagittal field of view 813 is
arranged to provide primarily a side-fire view.

[0098] Figs 9a and 9b show a side-view and a 3D view
of an ultrasound probe in an end-fire mode. The sagittal
field of view 816 is arranged to provide primarily an end-
fire view. The biopsy path 817 established by the trans-
verse guide is also shown.

[0099] Figs 10a and 10b show a side-view and a 3D
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view of a biopsy assembly. This assembly is the biopsy
assembly shown interconnected with the probe on figs.
8 and 9, but here shown in greater detail.

[0100] The biopsy assembly 1000 has an elongated
member 815. A collar 818 provides retention or fixation
of the assembly at the handle-end of the probe. At the
opposite end of the elongated member a knob or pin 817
provides retention or fixation of the assembly at the distal
end of the probe. Retention is further improved by an
upper lip 811 and a lower lip 810 which engage with a
portion of the periphery of the probe.

[0101] Theupperlip 811 andlowerlip 810 is configured
with openings (not shown) wherefrom instruments insert-
ed into the channels 816 and 809 can protract to follow
the biopsy paths into the tissue under examination.
[0102] The needle guide 809 extends along the periph-
ery of the elongated member 815 and is held in a fixed
position in the handle-end by a fixation protrusion 819.
The needle guide 816 extends transverse to the longitu-
dinal axis of the elongated member 815 and is held in a
fixed position in the handle-end by a duct 820 in the elon-
gated member 815. The duct 820 fixates the guide by
friction. At the opposite ends of the guides 816,809, the
guides are fixated by the upper lip 811 and lower lip 810.
[0103] Thechannels 816 and 809 terminate atthe han-
dle-end in respective end-pieces 807 and 808 which are
shaped as a convex cylinder for the operator of the probe
to place two fingers and securely (single-handed) main-
taining the finger grip when the instrument or needle is
to be introduced into the guide. Preferably, marking on
the end-pieces correspond to marking of acquired bi-
plane images, respectively, when displayed on a display
screen. As shown the end-pieces can have a different
outer shape e.g. an outer shape as concave cylinder
(807) or an outer shape as a combined cylinder and cone.
[0104] As stated in the above, the field of view com-
prises anumber of scanlines. The image is focused along
these scan lines either by the physical shape of the trans-
ducer elements or electronically or by a combination of
the two. When using a combination of the two, the ele-
ments of the array can have a surface shape which is
convex in a direction transverse to the length of the line
array and which is substantially straight in a direction
longitudinal to the length of the array.

[0105] Since the array is curved the transducer ele-
ments thereof have surface normals that extend mutually
radially from the surfaces of the array elements or atleast
some of the elements have surface normals that extend
mutually radially from the surfaces of the array elements.
Please recall that a surface normal to a flat surface is a
three-dimensional vector which is perpendicular to that
surface. A normal to a non-flat surface at a point on the
surface is a vector which is perpendicular to the tangent
plane to that surface at the point. The radial surface nor-
mals (disregarding their length) of the transducer element
can coincide with the scan lines and thus, define the field
of view provided by the transducer array.

[0106] Although primarily linear curved array embodi-
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ments have been described alternative embodiments
can comprise curved multi-line arrays (curved matrixes
of transducer elements). Still alternative, embodiments
can comprise element transducers e.g. single element
transducers arranged in mechanically moveable config-
urations.

Claims

1. An ultrasound probe for cavity scanning of a body,
comprising:

an elongated member (101), with a longitudinal
axis (102), configured to accommodate atits one
end a first transducer (104); and

a second transducer (405) configured to provide
a second image plane (406) transverse to a lon-
gitudinal axis of the elongated member (101);
where the first transducer (104) has a field of
view (105) established by acquiring an image
along radial lines (107) in a firstimage plane that
coincides with the longitudinal axis (102);
where the field of view (105) covers more than
15 degrees at each side of its intersection with
the longitudinal axis (102 and more than 15 de-
grees at each side of its intersection with a trans-
verse axis (103) that lies in the firstimage plane
and is perpendicular to the longitudinal axis
(102) where the second transducer (405) is in-
clined to provide the second image plane at an
angle that is within the range of 70 to 110 de-
grees with respect to the longitudinal axis to-
wards the one end of the elongated member and
wherein the second image plane intersects the
field of view provided by the first transducer.

2. Anultrasound probe according to claim 1, where the
first transducer (104) has afield of view which is cen-
tred about the longitudinal axis (102) and/or trans-
verse axis (103).

3. Anultrasound probe according to claim 1, where the
field of view, at each side of its intersection with the
longitudinal axis (102) or transverse axis (103), cov-
ers a radial section larger than an angle selected
from the group of 20, 25, 30, 35, 40, 45, 50 and 55
degrees.

4. An ultrasound probe according to claim 1, where the
field of view established about the longitudinal axis
(102) and the field of view established about the
transverse axis (103) are of substantially same size.

5. An ultrasound probe according to claim 1, where
the first transducer (104) comprises a curved array
shaped to substantially follow an arc segment of a
circle a with a radius selected form the ranges 2 to
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20 and/or millimetres and/or 4 to 16 millimetres
and/or 4 to 12 millimetres and/or 4 to 8 millimetres.

An ultrasound probe according to claim 1, where
the second transducer array (405) is inclined to pro-
vide the second image plane (406) at an angle less
than 90 degrees with respect to the longitudinal axis
towards the one end of the elongated member.

An ultrasound probe according to claim 1, where
the first transducer (104) is arranged at the one end
of the elongated member (101), but on the more dis-
tal portion of the end than the second transducer
(405).

An ultrasound probe according to claim 1, where
the ultrasound probe is configured to enable selec-
tion of:

- a first mode wherein an end-view image is ac-
quired from a first portion of the first transducer
array (104) with a field of view (501) that covers
scan lines at each side of the longitudinal axis
(102), and

- a second mode wherein a side-view image is
acquired from a second portion of the first trans-
ducer array (104) with a field of view (407) that
covers scan lines at each side of the transverse
axis (103).

An ultrasound probe according to claim 8, where the
first and second portion of the first transducer array
(104) has afield of view (601 ,604) that covers a first
and second sector of scan lines; and where the first
and second sector are arranged to cover a common
sector of scan lines.

An ultrasound probe according to claim 1, where a
transverse image additionally is acquired in the sec-
ond mode, but from the second transducer (405).

An ultrasound probe according to claim 1, config-
ured with a multiplexer for a combined parallel and
time-multiplexed output of image data.

An ultrasound sound probe according to claim 1,
configured with coupling means
(806;810;811 ,716,715) for interconnection with a bi-
opsy assembly (706).

A biopsy assembly comprising an ultrasound sound
probe according to claim 1;
and further comprising:

- a first needle guide (203) configured to guide
aneedle along apath (202) which intersects with
the first field of view (105) and the transverse
axis (103); and
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- a second needle guide (303) configured to
guide a needle along a path (201 ,302) which
intersects with the first field of view (105).

A biopsy assembly according to claim 13,

- where, the first needle guide (203) is arranged
to guide a needle in a direction transverse to the
longitudinal axis, and

- where the second needle guide (204;303) is
arranged to guide the needle in adirection along
the elongated member (101).

A biopsy assembly according to claim 13, where the
first needle guide is arranged to provide an angle
between the needle, when inserted into the needle
guide, and the longitudinal axis of the elongated
member within the range of 10 to 50 degrees.

A biopsy assembly according to claim 13, where the
first needle guide provides an angle of a needle,
when inserted into the first needle guide, at its pro-
jection from the first needle guide and the longitudi-
nal axis of the elongated member within the range
of 10 to 50 degrees.

A biopsy assembly according to claim 13, where the
needle guides (203,204,303) are arranged, with re-
spect to the elongated member (101), to make the
needles, when inserted into the needle guides, pro-
tract at opposite positions with respect to a cross-
section of the biopsy assembly.

A biopsy assembly according to claim 13, where the
second needle guide (401) extends along the pe-
riphery of the elongated member, but offset from the
periphery in a direction away from the point of gravity
in a cross-sectional view of the elongated member.

A biopsy assembly according to claim 13, where the
elongated member has a shape that is configured
for mechanical interconnection with a probe (700)
and to match a recess (703) of a probe so as to pro-
vide a combination of the assembly and probe, when
interconnected, that can be circumscribed by a cyl-
inder that covers at least a portion of the length of
the elongated member and has a diameter that is
within the range of 12 to 30 millimetres.

A biopsy assembly according to claim 13, where at
least one of the needle guides (203,204,303) is
shaped as a tube with an entry end configured for
entry of a needle and an exit end configured for the
needle to project from the needle guide.

A biopsy assembly according to claim 13, where
marking on biopsy needle guides corresponds to
marking of acquired bi-plane images, respectively,
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when displayed on a display screen.

Patentanspriiche

Ultraschallsonde zum Hohlraumscannen eines Kor-
pers, umfassend:

ein langliches Element (101), mit einer Langs-
achse (102), konfiguriert, um an ihrem einen En-
de einen ersten Messumformer (104) aufzuneh-
men; und

einen zweiten Messumformer (405), konfigu-
riert, um eine zweite Bildebene (406) quer zu
einer Langsachse des langlichen Elements
(101) bereitzustellen;

wo der erste Messumformer (104) ein Sichtfeld
(105) aufweist, das durch Erfassen eines Bildes
entlang von radialen Linien (107) in einer ersten
Bildebene festgelegt wird, die mitder Langsach-
se (102) ubereinstimmt;

wo das Sichtfeld (105) mehrals 15 Grad anjeder
Seite seines Schnittpunktes mitder LAngsachse
(102 und mehr als 15 Grad an jeder Seite seines
Schnittpunktes mit einer Querachse (103) ab-
deckt, dieinder ersten Bildebene liegt und senk-
rechtzu der Lédngsachse (102) ist, wo der zweite
Messumformer (405) geneigt ist, um die zweite
Bildebene in einem Winkel bereitzustellen, der
innerhalb des Bereichs von 70 bis 110 Grad in
Bezug auf die Langsachse zu dem einen Ende
des langlichen Elements ist, und wobei die zwei-
te Bildebene das Sichtfeld schneidet, das durch
den ersten Messumformer bereitgestellt wird.

Ultraschallsonde nach Anspruch 1, wobei der erste
Messumformer (104) ein Sichtfeld aufweist, das um
die Langsachse (102) und/oder Querachse (103)
zentriert ist.

Ultraschallsonde nach Anspruch 1, wobei das Sicht-
feld an jeder Seite seines Schnittpunktes mit der
Langsachse (102) oder Querachse (103) eine radi-
ale Sektion breiter als ein Winkel abdeckt, der aus
der Gruppe von 20, 25, 30, 35, 40, 45, 50 und 55
Grad ausgewahlt ist.

Ultraschallsonde nach Anspruch 1, wobei das Sicht-
feld, das um die Langsachse (102) festgelegt wird,
und das Sichtfeld, das um die Querachse (103) fest-
gelegt wird, von im Wesentlichen gleicher Groflie
sind.

Ultraschallsonde nach Anspruch 1, wobei der erste
Messumformer (104) ein gekrimmtes Array um-
fasst, geformt, um im Wesentlichen einem Bogen-
segment eines Kreises mit einem Radius zu folgen,
der aus den Bereichen 2 bis 20 und/oder Millimeter
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und/oder 4 bis 16 Millimeter und/ oder 4 bis 12 Mil-
limeter und/oder 4 bis 8 Millimeter ausgewahit ist.

Ultraschallsonde nach Anspruch 1, wobei das zweite
Messumformerarray (405) geneigtist, um die zweite
Bildebene (406) in einem Winkel von weniger als 90
Grad in Bezug auf die Langsachse zu dem einen
Ende des langlichen Elements bereitzustellen.

Ultraschallsonde nach Anspruch 1, wobei der Mes-
sumformer (104) auf dem einen Ende des langlichen
Elements (101) angeordnet ist, jedoch auf dem dis-
taleren Abschnitt des Endes als der zweite Messum-
former (405).

Ultraschallsonde nach Anspruch 1, wobei die Ultra-
schallsonde konfiguriert ist, um die folgende Aus-
wahl zu ermdglichen:

-einen ersten Modus, wobei ein Endansichtsbild
von einem ersten Abschnitt des ersten Mess-
umformerarrays (104) mit einem Sichtfeld (501)
erfasst wird, das Scanlinien an jeder Seite der
Langsachse (102) abdeckt, und

- einen zweiten Modus, wobei ein Seitenan-
sichtsbild von einem zweiten Abschnitt des ers-
ten Messumformerarrays (104) mit einem Sicht-
feld (407) erfasst wird, das Scanlinien an jeder
Seite der Querachse (103) abdeckt.

Ultraschallsonde nach Anspruch 8, wobei der erste
und zweite Abschnitt des ersten Messumformerar-
rays (104) ein Sichtfeld (601, 604) aufweist, das ei-
nen ersten und zweiten Sektor von Scanlinien ab-
deckt; und wobei der erste und zweite Sektor ange-
ordnet sind, um einen gemeinsamen Sektor von Sc-
anlinien abzudecken.

Ultraschallsonde nach Anspruch 1, wobei ein Quer-
bild zusatzlich in dem zweiten Modus erfasst wird,
jedoch von dem zweiten Messumformer (405).

Ultraschallsonde nach Anspruch 1, konfiguriert mit
einem Multiplexer flr eine kombinierte parallele und
zeitgemultiplexte Ausgabe von Bilddaten.

Ultraschallsonde nach Anspruch 1, konfiguriert mit
Kopplungsmitteln (806; 810; 811, 716, 715) zur Ver-
netzung mit einer Biopsiebaugruppe (706).

Biopsiebaugruppe, umfassend eine Ultraschallson-
de nach Anspruch 1;
und weiter umfassend:

- eine erste Nadelfiihrung (203), konfiguriert
zum Fihren einer Nadel entlang eines Pfades
(202), der das erste Sichtfeld (105) und die
Querachse (103) schneidet; und
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- eine zweite Nadelfihrung (303), konfiguriert
zum Fuahren einer Nadel entlang eines Pfades
(201, 302), der das erste Sichtfeld (105) schnei-
det.

Biopsiebaugruppe nach Anspruch 13,

- wobei die erste Nadelfihrung (203) angeord-
net ist, um eine Nadel in eine Richtung quer zu
der Langsachse zu fiihren, und

- wobei die zweite Nadelfiihrung (204; 303) an-
geordnet ist, um die Nadel in eine Richtung ent-
lang des langlichen Elements (101) zu fiihren.

Biopsiebaugruppe nach Anspruch 13, wobei die ers-
te Nadelfihrung angeordnet ist, um einen Winkel
zwischen der Nadel, wenn sie in die Nadelfiihrung
eingefihrt ist, und der Langsachse des langlichen
Elements innerhalb des Bereichs von 10 bis 50 Grad
bereitzustellen.

Biopsiebaugruppe nach Anspruch 13, wobei die ers-
te Nadelfiihrung einen Winkel einer Nadel, wenn sie
in die Nadelfihrung eingefiihrt ist, an ihrem Vor-
sprung von der ersten Nadelfihrung und der Langs-
achse des langlichen Elements innerhalb des Be-
reichs von 10 bis 50 Grad bereitstellt.

Biopsiebaugruppe nach Anspruch 13, wobei die Na-
delfihrungen (203, 204, 303) in Bezug auf das lang-
liche Element (101) angeordnet sind, um die Nadeln,
wenn sie in die Nadelfihrungen eingefiihrt sind, in
entgegengesetzte Positionen in Bezug auf einen
Querschnitt der Biopsiebaugruppe hinausziehen zu
lassen.

Biopsiebaugruppe nach Anspruch 13, wobei sich die
zweite Nadelfiihrung (401) entlang der Peripherie
des langlichen Elements, jedoch von der Peripherie
in eine Richtung weg von dem Schwerpunkt in einer
Querschnittansicht des langlichen Elements ver-
setzt, erstreckt.

Biopsiebaugruppe nach Anspruch 13, wobei das
langliche Element eine Form aufweist, die fir eine
mechanische Vernetzung mit einer Sonde (700) und
zum Einpassen in eine Ausnehmung (703) einer
Sonde konfiguriertist, um eine Kombination der Bau-
gruppe und Sonde bereitzustellen, die, wenn sie ver-
netzt sind, durch einen Zylinder umschrieben wer-
denkann, der mindestens einen Abschnittder Lange
des langlichen Elements abdeckt und einen Durch-
messer aufweist, der innerhalb des Bereichs von 12
bis 30 Millimetern ist.

Biopsiebaugruppe nach Anspruch 13, wobei min-
destens eine der Nadelfiihrungen (203, 204, 303)
als ein Rohr mit einem Eintrittsende geformt ist, zum
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Eintreten einer Nadel konfiguriert, und einem Aus-
trittsende, konfiguriert, um es der Nadel zu erlauben,
aus der Nadelflihrung vorzuspringen.

Biopsiebaugruppe nach Anspruch 13, wobei Markie-
ren auf Biopsienadelfiihrungen jeweils Markieren
von erfassten Bildern mit zwei Ebenen entspricht,
wenn sie auf einem Anzeigebildschirm angezeigt
werden.

Revendications

1.

Sonde a ultrasons pour balayage de cavité d’'un
corps, comprenant :

un élément allongé (101), doté d’un axe longi-
tudinal (102), configuré pour loger a sa premiere
extrémité un premier transducteur (104) ; et
un second transducteur (405) configuré pour
fournirun second pland’image (406) transversal
aunaxe longitudinal de I'’élémentallongé (101) ;
ou le premier transducteur (104) posséde un
champ de vision (105) établi par acquisition
d'une image le long de lignes radiales (107)
dans un premier plan d’'image qui coincide avec
I’axe longitudinal (102) ;

ou le champ de vision (105) couvre plus de 15
degrés de chaque c6té de son intersection avec
I’axe longitudinal (102) et plus de 15 degrés de
chaque c6té de son intersection avec un axe
transversal (103) qui se trouve dans le premier
plan d’'image et est perpendiculaire a I'axe lon-
gitudinal (102) ou le second transducteur (405)
est incliné pour fournir le second plan d'image
selon un angle qui est compris dans la plage de
70 a 110 degrés par rapport a I'axe longitudinal
vers I'extrémité de I'élément allongé et dans la-
quelle le second plan d'image coupe le champ
de vision fourni par le premier transducteur.

Sonde a ultrasons selon la revendication 1, ou le
premier transducteur (104) possede un champ de
vision qui est centré autour de I'axe longitudinal (102)
et/ou de I'axe transversal (103).

Sonde a ultrasons selon la revendication 1, ou le
champ de vision, de chaque c6té de son intersection
avec l'axe longitudinal (102) ou l'axe transversal
(103), couvre une section radiale supérieure a un
angle choisi dans le groupe de 20, 25, 30, 35, 40,
45, 50 et 55 degrés.

Sonde a ultrasons selon la revendication 1, ou le
champ de vision établi autour de I'axe longitudinal
(102) et le champ de vision établi autour de I'axe
transversal (103) sont d’'une taille sensiblement
identique.
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Sonde a ultrasons selon la revendication 1, ou le
premier transducteur (104) comprend un réseau in-
curvé dont la forme suit sensiblement un segment
d’arc d’un cercle ayant un rayon choisi parmi les pla-
ges de 2 a 20 millimétres et/ou de 4 & 16 millimétres
et/ou de 4 a 12 millimétres et/ou de 4 a 8 millimétres.

Sonde a ultrasons selon la revendication 1, ou le
second réseau de transducteurs (405) est incliné
pour fournir le second plan d'image (406) selon un
angle inférieur a 90 degrés par rapport a I'axe lon-
gitudinal vers la premiére extrémité de I'élément al-
longeé.

Sonde a ultrasons selon la revendication 1, ou le
premier transducteur (104) est agencé a la premiere
de I'élément allongé (101), mais sur la partie plus
distale de I'extrémité que le second transducteur
(405).

Sonde a ultrasons selon la revendication 1, ou la
sonde a ultrasons est configurée pour permettre de
choisir :

- un premier mode dans lequel une image de
vue d’extrémité est acquise depuis une premie-
re partie du premier réseau de transducteurs
(104) avec un champ de vision (501) qui couvre
des lignes de balayage de chaque cbté de I'axe
longitudinal (102), et

- un second mode dans lequel une image de
vue latérale est acquise depuis une seconde
partie du premier réseau de transducteurs (104)
avec un champ de vision (407) qui couvre des
lignes de balayage de chaque cbté de I'axe
transversal (103).

Sonde a ultrasons selon la revendication 8, ou la
premiére et la seconde partie du premier réseau de
transducteurs (104) possedent un champ de vision
(601, 604) qui couvre un premier et un second sec-
teur de lignes de balayage ; et ou le premier et le
second secteur sont agencés de maniere a couvrir
un secteur commun de lignes de balayage.

Sonde a ultrasons selon la revendication 1, ou une
image transversale est acquise en outre dans le se-
cond mode, mais depuis le second transducteur
(405).

Sonde a ultrasons selon la revendication 1, configu-
rée avec un multiplexeur pour une sortie de données
d’'images mixte paralléle et a multiplexage temporel.

Sonde acoustique a ultrasons selon la revendication
1, configurée avec un moyen de couplage (806; 810;
811, 716, 715) pour une interconnexion avec un en-
semble de biopsie (706).
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Ensemble de biopsie comprenant une sonde acous-
tique a ultrasons selon la revendication 1 ;
et comprenant en outre :

- un premier guide-aiguille (203) configuré pour
guider une aiguille le long d’'un chemin (202) qui
coupe le premier champ de vision (105) et I'axe
transversal (103) ; et

- un second guide-aiguille (303) configuré pour
guider une aiguille le long d’'un chemin (201,
302) qui coupe le premier champ de vision (105).

Ensemble de biopsie selon la revendication 13,

- ou le premier guide-aiguille (203) est agencé
de maniére a guider une aiguille dans une di-
rection transversale a I'axe longitudinal, et

- ou le second guide-aiguille (204 ; 203) est
agencé de maniére a guider l'aiguille dans une
direction suivant I'élément allongé (101).

Ensemble de biopsie selon la revendication 13, ou
le premier guide-aiguille est agencé de maniére a
fournir un angle entre l'aiguille, lorsqu’elle est intro-
duite dans le guide-aiguille, et 'axe longitudinal de
I’élément allongé compris dans la plage de 10 a 50
degrés.

Ensemble de biopsie selon la revendication 13, ou
le premier guide-aiguille fournit un angle d’'une
aiguille, lorsqu’elle est introduite dans le premier gui-
de-aiguille, au niveau de sa saillie depuis le premier
guide-aiguille et 'axe longitudinal de I'élément allon-
gé compris dans la plage de 10 a 50 degrés.

Ensemble de biopsie selon la revendication 13, ou
les guide-aiguille (203, 204, 303) sont agences, par
rapport a I'élément allongé (101), de maniere a faire
que les aiguilles, lorsqu’elles sont introduites dans
les guide-aiguille, ressortent a des emplacements
opposés par rapport a une coupe transversale de
I’ensemble de biopsie.

Ensemble de biopsie selon la revendication 13, ou
le second guide-aiguille (401) s’étend le long de la
périphérie de I'élément allongé, mais décalé par rap-
port a la périphérie dans une direction opposée au
centre de gravité dans une vue en coupe transver-
sale de I'élément allongé.

Ensemble de biopsie selon la revendication 13, ou
I’élémentallongé a une forme qui est configurée pour
une interconnexion mécanique avec une sonde
(700) et pour correspondre a un retrait (703) d’'une
sonde de fagon a fournir une combinaison de I'en-
semble etde lasonde, lorsqu’ils sontinterconnectés,
qui peut étre circonscrite par un cylindre qui couvre
au moins une partie de la longueur de I'élément al-
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longé et présente un diameétre qui est compris dans
la plage de 12 a 30 millimétres.

Ensemble de biopsie selon la revendication 13, ou
au moins un des guide-aiguilles (203, 204, 303) a la
forme d’un tube avec une extrémité d’entrée confi-
gurée pour I'entrée d’'une aiguille et une extrémité
de sortie configurée pour permettre a l'aiguille de
faire saillie depuis le guide-aiguille.

Ensemble de biopsie selon la revendication 13, ou
un marquage sur des guide-aiguilles de biopsie cor-
respond a un marquage d’'images biplanes acqui-
ses, respectivement, lorsqu’elles sont affichées sur
un écran d’affichage.
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