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Description
BACKGROUND

[0001] The present disclosure relates generally to
medical imaging and diagnostics, and more specifically
to an ultrasonic probe and an aligned needle guide sys-
tem.

[0002] Accessing organs and structures of the human
body through body cavities is a standard medical tech-
nique. In some procedures, diagnostic tools are inserted
into a body cavity to examine or biopsy an organ or other
body structure. The information collected is then used
for the detection and evaluation of a wide variety of med-
ical conditions. In particular, ultrasonic devices are used
to identify intra-cavity structures, such as a prostate, by
transmitting and receiving ultrasonic waves. The re-
ceived waves are transformed into an image of the intra-
cavity structure, which can then be used to navigate a
biopsy needle to a desired location within the image.
[0003] Ultrasonic transducers used in these medical
applications are typically encased within an anatomically
compatible housing to improve patient comfort during in-
sertion into the patient. Ultrasonic transducer housings
fall into one of two broad configuration types: "end-fire"
and "side-fire." The end-fire type transmits ultrasonic
waves from a tip of the housing, whereas the side-fire
type transmits from a side-wall of the housing. Regard-
less of the housing type, the ultrasonic image can be
used to navigate a biopsy needle to an exterior surface
of an intra-cavity bodily structure.

[0004] US 6,443,902 B1 discloses an ultrasonic probe
comprising an ultrasonic transducer array, a needle
guide and a protective sheath, wherein a needle guide
alignmentfeature inform of a negative feature is provided
on a surface of the probe housing in order to mate with
a matching positive feature on the needle guide.

SUMMARY

[0005] According to the invention, there is provided an
ultrasonic probe comprising: a probe housing having a
proximal end, a distal end and a longitudinal axis; an
ultrasonic transducer array disposed within the distal end
of the housing, the ultrasonic transducer array being con-
figured to produce a plurality of ultrasonic waves that
form an ultrasonic imaging plane, having a frequency dis-
tribution centered at about 20 MHz; a needle guide; a
protective sheath; and a needle guide alignment feature
being a positive and/or negative feature disposed on a
surface of the probe housing, wherein the needle guide
alignment feature is configured to secure the needle
guide to the probe housing with the protective sheath
therebetween by mating with an approximately matching
negative and/or positive feature on the needle guide,
wherein the needle guide is arranged to guide a needle
within the ultrasonic imaging plane when the needle
guide is attached to the probe housing and wherein the
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needle guide alignment feature is configured to maintain
alignment of the needle with the ultrasonicimaging plane.
Preferred embodiments are defined in the dependent
claims. The alignment feature is used to connect a needle
guide to the cylindrical housing and to align the needle
guide such that a needle translated through the guide is
translated in an imaging plane of the ultrasonic transduc-
er. The alignment feature is configured such that the nee-
dleis aligned inthe imaging plane even when a protective
sheath is disposed between the housing and the needle
guide. The protective sheath may facilitate sanitation,
sterilization, and re-use of the probe.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006]

FIG. 1 illustrates an example of an ultrasonic probe
with an aligned needle guide, in an embodiment.

FIG. 2 is a perspective view of a tip of an ultrasonic
probe, wherein the probe is encased in a protective
sheath and, using a needle guide, aneedle is aligned
in an imaging plane produced by an ultrasonic trans-
ducer, the alignment facilitated by an alignment fea-
ture disposed on the housing, in an embodiment.

FIG. 3is perspective view of an ultrasonic probe cov-
ered by a protective sheath and an attached needle
guide aligned with the probe, in an embodiment.

[0007] The figures depict various embodiments of the
present invention for purposes of illustration only. One
skilled in the art will readily recognize from the following
discussion that alternative embodiments of the structures
and methods illustrated herein may be employed without
departing from the scope of the invention as defined in
the appended claims.

DETAILED DESCRIPTION
Overview

[0008] Embodiments described herein include a side-
fire ultrasonic probe with an alignment feature that, when
used to connect the probe to a needle guide for intra-
cavity medical procedures (e.g., biopsying organs or oth-
er bodily intra-cavity structures, delivering intra-cavity
therapies), facilitates alignment of one or more needles
translated through the needle guide with an imaging
plane of an ultrasonic transducer. The alignment feature
is configured such that alignment of a needle within the
imaging plane is accomplished even when a protective
sheath is disposed between the alignment feature and
the needle guide.

[0009] By positioning the translated needles within the
imaging plane of a side-fire type ultrasonic probe, an ul-
trasonic image can be used to image an advancing nee-
dle with respect to an intra-cavity structure of interest.
This ability is particularly useful when the ultrasonic trans-
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ducer has a frequency and/or resolution sufficient to im-
age intra-structure or intra-organ features. Simultane-
ously imaging the structure of interest and the needle
permits navigation of the needle to a specific intra-cavity
structure within a human body, or, given sufficient reso-
lution of the ultrasonic transducer, navigation of the nee-
dle to a specific location within the structure. This can
then improve the diagnostic capability of the procedure
or effectiveness of the therapy. Allowing for positioning
of a needle oriented at different angles with respect to
the probe enables access to a range of locations within
the body or structure by the needles while reducing the
manipulation of the probe. This can improve patient com-
fort during the procedure, as well as patient safety.

Ultrasonic Probe and Aligned Needle Assembly

[0010] FIG. 1 illustrates an embodiment of a side-fire
ultrasonic probe assembly 100 having an alignment fea-
ture that enables alignment of a needle guide 110 such
that needles (e.g., any of needles 114A-C, "114" for brev-
ity) translated through the guide are translated into an
imaging plane produced by the ultrasonic transducer ar-
ray. The imaging plane is defined by a pathway of ultra-
sonic waves produced by the ultrasonic transducer. The
ultrasonic probe assembly 100 includes a cylindrical
housing 104 having a longitudinal axis 108, and a trans-
ducer housing 116 having an angled face 120. The trans-
ducer housing 116 encloses an ultrasonic transducer ar-
ray used for the production of ultrasonic waves, the re-
flections of which are transformed into images. A protec-
tive sheath 124, disposed between the cylindrical hous-
ing 104 and the needle guide 110, covers a portion of
the cylindrical housing and the transducer housing 116.
The ultrasonic probe assembly 100 also includes a nee-
dle assembly alignmentfeature 128, shown in more detail
in FIGS. 2 and 3.

[0011] The cylindrical housing 104 of the ultrasonic
probe assembly 100 has a number of uses including, but
not limited to, enclosing wiring and/or electronic compo-
nents used to operate the ultrasonic transducer, provid-
ing a structure with which to connect other elements of
the assembly (e.g., the needle guide 110), and providing
a proximal end (i.e., a handle) used by an operator for
manipulating the assembly. In this example, the cylindri-
cal housing 104 has a circular or elliptical cross-section
that is ergonomically insertable into a body cavity, such
as a rectum, to image, biopsy, and/or deliver a therapy
to a body structure of interest, such as a prostate. While
other embodiments of the cylindrical housing 104 are not
limited to cylinders or circular or elliptical cross-sections,
housings having points or edges may cause patient dis-
comfort or damage sensitive tissue. The longitudinal axis
108 of the cylindrical housing 104 is parallel to the long
axis of the cylindrical housing and is used as a convenient
reference when describing other features of the embod-
iments.

[0012] Theneedleguide 110, whichincludesindividual
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guide channels 112A-C ("112" collectively), into which
one or more of the needles 114 can be inserted, is at-
tached to the cylindrical housing 104 over the protective
sheath 124 using the alignment feature 128. The details
of the needle guide 110 are described in more detail in
the context of FIGS. 2 and 3.

[0013] One needle of the needles 114 is used to biopsy
intra-cavity structures of interest, such as a prostate
(shown in FIG. 1 by an ellipse), by being translated
through one channel 112 of the needle guide 110,
through port 113 (shown in FIGS. 2 and 3), and into the
ultrasonic imaging plane. The three channels 112 are
oriented at different angles with respect to the horizontal
axis 108 of the probe assembly 100 so that different lo-
cations within the body structure can be accessed by a
needle 114 without moving the probe within the patient.
Because both the needle (e.g., needle 114A) and the
structure of interest are in the imaging plane simultane-
ously, and therefore both imaged using reflected ultra-
sonic waves, the needle can be navigated to a specific
location of interest. This location can be on the surface
of the body structure or, since the ultrasonic transducer
is capable of intra-structure resolution (typically achieved
athigh transducerfrequencies of approximately 20 MHz),
even within a specific body structure.

[0014] The transducer housing 116 is located at the
distal end of the cylindrical housing 104. The transducer
housing 116 substantially surrounds the ultrasonic trans-
ducer used to produce ultrasonic waves. In this example,
the transducer housing 116 is ergonomically shaped to
improve patient comfort during insertion of the assembly
100 into a body cavity. This ergonomic shape can also
improve patient comfort during operation of the assembly
100 for imaging and biopsying intra-cavity body struc-
tures.

[0015] In this example, because the ultrasonic trans-
ducer transmits ultrasonic waves through a sidewall of
the cylindrical housing 104, the design of the assembly
100is sometimes referred to as a "side-fire" design. Other
embodiments of the invention may be used with "end-
fire" designs, in which the ultrasonic waves are transmit-
ted from a terminal end of the transducer housing 116
(i.e., in a direction generally parallel to the longitudinal
axis 108).

[0016] The transducer housed by the transducer hous-
ing 116 may comprise an array of piezoelectric elements
that produce ultrasonic waves when electrically actuated.
In some examples not forming part of the present inven-
tion, the transducer array can produce ultrasonic waves
having a frequency distribution centered between ap-
proximately 1 MHz and 12 MHz. The resolution ofimages
produced at these lower frequencies may be sufficient
to discern the outline and/or outer surfaces of intra-cavity
body structures. In accordance with the invention, the
transducer array can produce ultrasonic waves having a
frequency distribution centered at approximately 20 MHz
and a 6dB corner frequency of approximately 27 MHz.
The resolution of images produced at these higher fre-
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quencies may be sufficient to image structures within the
intra-cavity body structures (i.e., intra-organ resolution).
This higher resolution and imaging facilitates navigation
of the needles 114A-C to locations within the body struc-
ture, which can then be biopsied. Also, because the in-
terior of the organ or body structure can be imaged, this
resolution can also help prevent accidental damage to
the body structure.

[0017] The above description of the approximate cent-
er of the frequency distribution is important due to incon-
sistent description of transducer operating frequency in
the art: while some artisans describe operating frequency
by citing the center of the frequency distribution, other
artisans describe operating frequency by citing the upper
limit of the distribution.

[0018] The side-fire design of the transducer housing
116includes the angled face 120, which facilitates acous-
tic coupling between the transducer and the body struc-
ture to be imaged. By matching the angle of the angled
face 120 to the shape of the body structure, the trans-
ducer and thus the ultrasonic waves used to image the
body structure are brought proximate to a surface of the
body structure without angling the assembly 100 as a
whole. Thisimproves the quality of the image and comfort
of the patient by reducing the manipulation of the probe
100 needed to acquire an image. In some embodiments,
the angled face 120 is angled about 13° to match a typical
slope of a prostate surface. In other embodiments, the
angled face 120 is angled at least 5°. In further embod-
iments, this angle can be varied depending on the natural
angle (or range of natural angles) of the body structure
surface to be imaged. In still further embodiments, the
transducer housing 116 does not have an angled face,
but rather is a standard side-fire design.

[0019] In the example shown, the protective sheath
124 covers the transducer housing 116, and at least a
portion of the cylindrical portion 104. Acting as a barrier,
the protective sheath 124 prevents body fluids or other
substances from contaminating the assembly 100. By
limiting access of body fluids and contaminants to the
interior and exterior of the assembly 100, the protective
sheath 124 facilitates sanitation, sterilization, and re-use
of the assembly.

[0020] In some examples, the protective sheath 124 is
designed to match the shape of the assembly 100, in-
cluding the cylindrical housing 104, the transducer hous-
ing 116, the angled face 120, and the alignment feature
128. In other examples, the protective sheath 124 is de-
signed to match the shape of conventional ultrasonic
probe assemblies and not is customized to match the
shape of the assembly 100. In some examples, the pro-
tective sheath 124 is made from a polymer, although oth-
er materials that permit the transmission and reception
of ultrasonic waves can be used.

Needle Alignment

[0021] The alignment feature 128 is configured such
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that a needle 114 is aligned with and disposed in the
imaging plane (shown in FIG. 2) when the needle guide
110 is engaged with the alignment feature through the
protective sheath 124 and the needle has been translated
through one of the channels 112 of the needle guide and
through the port 113 into the imaging plane. In some em-
bodiments, the alignment feature 128 is a negative fea-
ture imprinted, molded, or embossed into the surface of
cylindrical housing 104 and configured to mate with an
approximately matching positive feature on the needle
guide 110. This negative profile enables the needle guide
110 to connect to the cylindrical housing 104, enabling
the imaging of a needle 114 during a procedure, as de-
scribed above, while also maintaining an anatomically
compatible profile. In other embodiments, the alignment
feature 128 is a positive feature attached, connected, or
integrated onto the surface of the cylindrical housing 104.
In still other embodiments, the alignment feature 128 is
a combination of positive and negative features.

[0022] The alignment feature 128 is designed to con-
nect the needle guide 110 to the cylindrical housing 104
and maintain alignment of the needles 114 in the ultra-
sonic imaging plane when the protective sheath 124 is
disposed between the cylindrical housing and the needle
assembly. In some embodiments of this example, the
alignment feature 128 can be adjusted to accommodate
thickness variations of the protective sheath 124, thereby
maintaining alignment of the needle 114 in the imaging
plane regardless of sheath thickness. In other examples,
the alignment feature 128 is designed to maintain align-
mentbetween the needle 114 and the imaging plane with-
out adjustment and regardless of the thickness of the
protective sheath 124.

[0023] FIG. 2 illustrates the alignment of the needle
114Ainthe acousticimaging plane ofthe ultrasonic probe
assembly 100, as discussed above. This figure depicts
a portion of the needle guide 110, the alignment feature
128, the needle 114A, and an acoustic imaging plane
208. As will be appreciated, the needle 114A is selected
only for convenience. Embodiments of the present dis-
closure are applicable to the needles 114B and 114C,
which can be translated through the corresponding nee-
dle guide channels 112 and emerge from port 113 at
different angles with respect to the horizontal axis 108 of
the probe 100 into the imaging plane 208. Also shown in
FIG. 2 are portions of the cylindrical housing 104, the
transducer housing 116, the angled face 120, and the
protective sheath 124.

[0024] In the example shown, the cylindrical housing
104 and the transducer housing 116 are protected by the
protective sheath 124. The needle guide 110 is disposed
in the alignment feature 128, in this example a negative
feature on the surface of the cylindrical housing 104,
thereby compressing the protective sheath 124 into the
alignment feature.

[0025] As shown, the needle guide 110, the needle
114A, the alignment feature 128, the protective sheath
124, and the transducer are configured such thatthe nee-
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dle is disposed within the imaging plane 208 when ex-
tended distally through the needle guide 110. As men-
tioned above, this enables the needle 114A to be viewed
during use and, in particular, enables the needle to be
navigated to the body structure of interest. Furthermore,
for examples of the ultrasonic probe assembly 100 using
a transducer having frequencies centered at approxi-
mately 20 MHz, the needle 114A can be navigated to
intra-organ features, thereby enabling precision biopsy
or treatment of specific intra-organ areas.

[0026] Inoneaspect, thisalignment of the needle 114A
and the image plane 208 is accomplished by configuring
the needle guide 110, a needle 114, and the alignment
feature 128 such that the needle is positioned in the im-
aging plane 208 at a location in the imaging plane that
is a function of how far the needle is translated. This
alignment is further accomplished by controlling the di-
mensional tolerances of the various components to a to-
tal of approximately half of the width of the imaging plane
208. Controlling the total dimensional variation to only a
portion of the width of the imaging plane permits some
dimensional and/or alignment variation in the various
components while still enabling the needle 114A to be
translated into the imaging plane 208.

[0027] Ultrasonic transducers having a frequency dis-
tribution centered at about 20 MHz produce an imaging
plane from approximately 300 microns to approximately
500 microns wide. By configuring the various compo-
nents (e.g., the housing 104, the alignment feature 128,
the needle guide 110, and the protective sheath 124)
described above, and controlling the combined dimen-
sional variation of these components to approximately
250 microns, the needle 114A can be reliably imaged
during and after its translation into the imaging plane 208.
[0028] Inexamplesinwhich the diameter of the needle
114Ais larger than the imaging plane 208 (e.g., a needle
approximately 1000 microns in diameter used with an
imaging plane approximately 500 microns wide), the en-
tire diameter of the needle need not be in the imaging
plane to image the needle and navigate it to a body struc-
ture location. Rather, a section that includes the needle
point can be used to navigate the needle safely to, and
into, the structure.

Needle Guide

[0029] FIG. 3 illustrates an ultrasonic probe 300 that
includes an ultrasonic transducer 302, and the needle
guide 110 attached to the cylindrical housing 104 over
the protective sheath 124 using the alignment feature
128. In this example, the needle guide 110 includes the
channels 112A-C, the port 113, a frame 304, a needle
housing 308, and a positioning feature 312.

[0030] In this example, the three needles 114A-C are
shown in each of the three channels 112A-C of the needle
guide 110 to illustrate the different angles at which the
channels are oriented with respect to the longitudinal axis
108 of the housing 104. This diversity of angles is used
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to increase the range of locations within the body acces-
sible by the needles while minimizing the manipulation
required of the assembly 100 to access these locations.
Because the needles 114 in the channels 112 of the nee-
dle guide 110 are positioned at different angles (and can
exit port 113 at different angles), they each can be in-
serted into a different location in the body without artic-
ulating, twisting, translating, or otherwise moving the as-
sembly 100 (as illustrated in FIG. 1). Furthermore, the
multiple channels 112 of the needle guide 110 (not limited
to only the three shown) permit multiple biopsy needles
to take samples from different locations within a body
structure without additional movement of the assembly
100. This arrangement improves patient comfort during
a procedure requiring the collection of biopsy samples,
or the delivery of a therapy, to multiple locations within
the body.

[0031] The angles of the channels in the needle guide
110 (and therefore needles 114) are determined, in part,
by the locations within the body or body structure intend-
ed to be biopsied, and the depth of penetration into a
body cavity by the assembly 100 that is needed to access
the body structure of interest. Other factors used to de-
termine these angles may include the ability to access a
wide range of locations within the body cavity, and the
need to maintain the position and/or alignment of the nee-
dles within the imaging plane of the transducer (as shown
in FIG. 2). In some embodiments, the channels of the
needle guide 110 and the needles 114 can also be angled
to limit or prevent access to particularly delicate or sen-
sitive body structures near the structure of interest (e.g.,
a nerve bundle near the sphincter during a prostate bi-
opsy). For example, the needles can be arranged at an-
gles from -5° (i.e., 5° below the horizontal axis), up to
about 30°, although any practical angle can be used.
[0032] In one example, because the needle 114C is
inserted into the channel 112 of the needle guide 110
that has a greater angle with respect to the longitudinal
axis 108 than the portion of the needle guide used with
needle 114A (which is substantially parallel to the longi-
tudinal axis), the locations accessible by these two nee-
dles are different. Therefore, different regions of a body
structure can be biopsied without manipulation of the as-
sembly 100 as a whole. In one example, an angle of a
needle is selected to prevent a needle from accidental
insertion into a sphincter nerve bundle proximate to the
rectum and prostate. As mentioned above, regardless of
the angle of the needles 114, the needle guide 110 and
the protective sheath 124 are arranged such that the nee-
dles are translated into the imaging plane of the ultrasonic
transducer.

[0033] The frame 304 of the needle guide 110 is used
to connect one or more of the needles 114 to the needle
guide and to connect the needle guide to the cylindrical
housing 104. Additionally, the frame 304 can be used
with the alignment feature 128 to position the needle
guide 110 and the needles 114 with respect to the imag-
ing plane 208, as described above. In this example, the
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frame 304 is disposed within a negative alignmentfeature
to position and align the needle 114A with the imaging
plane 208 as described above. The needle housing 308,
connected to the frame 304 and positioned within a sec-
ond negative feature molded into the cylindrical housing
104 positions and aligns each of the needles 114 with
the imaging plane 208 as described above.

[0034] The positioning feature 312 is connected to the
frame 304 and is used to more firmly position the needle
guide 110 in the alignment feature 128 by limiting move-
ment of the frame within the alignment feature in addi-
tional directions. This reduces unintentional movement
of the needle guide 110, thereby reducing risk of mis-
alignment between the needles 114A-C and the imaging
plane 208. In addition to reducing this risk of unintentional
movement, the positioning feature 312 can enable more
precise alignment of the needles 114A-C with the imag-
ing plane 208. In this example, the positioning feature
312 is approximately orthogonal to an edge of the frame
304, thereby limiting movement of the frame in a direction
parallel to the edge of the frame.

[0035] In embodiments not forming part of the present
invention, other designs of positioning features can be
used to reduce unintentional shifting of the frame 304,
and therefore the needle guide 110, orimprove alignment
of the needles 114A-C with the imaging plane 208. In
one example, the needle guide 110 is attached, fixed, or
otherwise connected to the housing 308 using a clamp.
In another example, the needle guide 110 is attached,
fixed, or otherwise connected to the housing 308 using
an elastic band that is properly positioned using a band
guide groove in the needle guide and in the housing.
Other types of clamps may also be used.

[0036] Also, while the needle guide 110 includes mul-
tiple channels 112 and can accommodate more than one
needle 114 at a time, other examples include a single
channel 112 and/or a single needle 114.

Summary

[0037] The foregoing description of the embodiments
of the invention has been presented for the purpose of
illustration; it is not intended to be exhaustive or to limit
the invention to the precise forms disclosed. Persons
skilled in the relevant art can appreciate that many mod-
ifications and variations are possible in light of the above
disclosure. The invention is defined in the claims.
[0038] Finally, the language used in the specification
has been principally selected for readability and instruc-
tional purposes.

Claims

1. An ultrasonic probe (100; 300) comprising:

a probe housing (104) having a proximal end, a
distal end and a longitudinal axis (108);
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an ultrasonic transducer array disposed within
the distal end of the housing, the ultrasonic
transducer array being configured to produce a
plurality of ultrasonic waves that form an ultra-
sonic imaging plane (208), having a frequency
distribution centered at about 20 MHz;

a needle guide (110);

a protective sheath (124); and

a needle guide alignment feature (128) being a
positive and/or negative feature disposed on a
surface of the probe housing, wherein the nee-
dle guide alignment feature is configured to se-
cure the needle guide to the probe housing with
the protective sheath therebetween by mating
with an approximately matching negative and/or
positive feature on the needle guide, wherein
the needle guide is arranged to guide a needle
(114) within the ultrasonic imaging plane when
the needle guide is attached to the probe hous-
ing and wherein the needle guide alignment fea-
ture is configured to maintain alignment of the
needle with the ultrasonic imaging plane.

The ultrasonic probe of claim 1, wherein the needle
guide comprises at least two channels (112) config-
ured to guide needles (114) translated through the
channels at two different angles with respect to the
longitudinal axis of the probe housing.

The ultrasonic probe of claim 1, wherein a dimen-
sional variation of the alignment feature, a dimen-
sional variation of the needle guide, and a dimen-
sional variation of the protective sheath total about
250 microns.

The ultrasonic probe of claim 1, wherein the distal
end comprises a face (120) angled with respect to
the longitudinal axis by at least 5° for acoustic cou-
pling between the ultrasonic transducer array and a
body structure.

The ultrasonic probe of claim 4, wherein the face is
angled about 13° with respect to the longitudinal axis
for acoustic coupling between the ultrasonic trans-
ducer array and a prostate.

The ultrasonic probe of claim 1 wherein the ultrason-
ic imaging plane has a width of between about 300
and 500 microns.

The ultrasonic probe of claim 4 wherein the ultrason-
ic imaging plane formed by the transducer array is
generally orthogonal to the face of the housing.

The ultrasonic probe of claim 1, wherein the ultra-
sound transducer array is configured such that the
probe is a side-fire ultrasonic probe.
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The ultrasonic probe of claim 1 wherein the ultrason-
icimaging plane has awidth, and wherein the needle
guide is configured to receive a needle (114) having
a diameter greater than the width of the imaging
plane.

The ultrasonic probe of claim 1 wherein the needle
comprises a biopsy needle.

The ultrasonic probe of claim 2 wherein the needle
guide further comprises:

a port (113);

a frame (304);

a needle housing (308); and

a positioning feature (312) connected to the
frame and configured to limit movement of the
frame within the alignment feature in additional
directions.

The ultrasonic probe of claim 11 wherein the frame
includes an edge approximately orthogonal to the
positioning feature, and wherein movement of the
frame is limited in a direction parallel to the edge of
the frame.

The ultrasonic probe of claim 2 wherein the needle
guide is further configured to orient the needle sub-
stantially parallel to the longitudinal axis of the probe
housing.

Patentanspriiche

1.

Ultraschallsonde (100; 300) umfassend:

ein Sondengehause (104) mit einem nahen En-
de, einem fernen Ende und einer Ladngsachse
(108);

eine Ultraschallwandler-Anordnung, die inner-
halb des fernen Endes des Geh&uses angeord-
netist, wobei die Ultraschallwandler-Anordnung
konfiguriertist, mehrere Ultraschallwellen zu er-
zeugen, die eine Ultraschallabbildungsebene
(208) bilden, mit einer Frequenzverteilung, die
bei etwa 20 MHz zentriert ist;

eine Nadelfihrung (110);

eine Schutzhille (124); und

ein Nadelfiihrungsausrichtungsmerkmal (128),
das ein positives und/oder negatives Merkmal
ist, das auf einer Oberflache des Sondengehdu-
ses angeordnet ist, wobei das Nadelfiihrungs-
ausrichtungsmerkmal konfiguriertist, die Nadel-
fiihrung mit der Schutzhiille dazwischen durch
Zusammenfiigen mit einem annéahernd Gberein-
stimmenden negativen und/oder positiven
Merkmal auf der Nadelfihrung am Sondenge-
hause zu sichern, wobei die Nadelfiihrung an-
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10.

1.

geordnet ist, eine Nadel (114) innerhalb der Ul-
traschallabbildungsebene zu fihren, wenn die
Nadelfihrung am Sondengehause befestigt ist,
und wobei das Nadelfiihrungsausrichtungs-
merkmal konfiguriert ist, eine Ausrichtung der
Nadel mit der Ultraschallabbildungsebene auf-
rechtzuerhalten.

Ultraschallsonde nach Anspruch 1, wobei die Nadel-
fihrung zumindest zwei Kanale (112) umfasst, die
konfiguriert sind, Nadeln (114) zu fihren, die durch
die Kanéle in zwei verschiedenen Winkeln in Bezug
auf die Langsachse des Sondengehduses verscho-
ben werden.

Ultraschallsonde nach Anspruch 1, wobei eine di-
mensionale Variation des Ausrichtungsmerkmals,
eine dimensionale Variation der Nadelfiihrung und
eine dimensionale Variation der Schutzhille insge-
samt etwa 250 Mikron ergeben.

Ultraschallsonde nach Anspruch 1, wobei das ferne
Ende eine Flache (120) umfasst, die zur akustischen
Kopplung zwischen der Ultraschallwandler-Anord-
nung und einer Korperstruktur in Bezug auf die
Langsachse um zumindest 5° angewinkelt ist.

Ultraschallsonde nach Anspruch 4, wobei die Flache
zur akustischen Kopplung zwischen der Ultraschall-
wandler-Anordnung und einer Prostata in Bezug auf
die Langsachse etwa 13° angewinkelt ist.

Ultraschallsonde nach Anspruch 1, wobei die Ultra-
schallabbildungsebene eine Breite zwischen unge-
fahr 300 und 500 Mikron hat.

Ultraschallsonde nach Anspruch 4, wobei die Ultra-
schallabbildungsebene, die durch das Wandlerfeld
gebildet ist, im Allgemeinen rechtwinklig zur Flache
des Gehauses ist.

Ultraschallsonde nach Anspruch 1, wobei die Ultra-
schallwandler-Anordnung so konfiguriert ist, dass
die Sonde eine Side-Fire-Ultraschallsonde ist.

Ultraschallsonde nach Anspruch 1, wobei die Ultra-
schallabbildungsebene eine Breite hat und wobei die
Nadelfihrung konfiguriert ist, eine Nadel (114) mit
einem Durchmesser gréfRer als die Breite der Abbil-
dungsebene aufzunehmen.

Ultraschallsonde nach Anspruch 1, wobei die Nadel
eine Biopsienadel umfasst.

Ultraschallsonde nach Anspruch 2, wobei die Nadel-
fuhrung weiter umfasst:

einen Anschluss (113);
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einen Rahmen (304);

ein Nadelgehause (308); und

ein Positionierungsmerkmal (312), das mit dem
Rahmen verbunden ist und konfiguriert ist, eine
Bewegung des Rahmens innerhalb des Aus-
richtungsmerkmals in zusétzlichen Richtungen
zu begrenzen.

Ultraschallsonde nach Anspruch 11, wobei der Rah-
men eine Kante anndhernd rechtwinklig zum Positi-
onierungsmerkmal enthalt und wobei die Bewegung
des Rahmens in einer Richtung parallel zur Kante
des Rahmens begrenzt ist.

Ultraschallsonde nach Anspruch 2, wobei die Nadel-
fihrung weiter konfiguriert ist, die Nadel im Wesent-
lichen parallel zur Ldngsachse des Sondengehdu-
ses auszurichten.

Revendications

1.

Sonde ultrasonique (100; 300) comprenant :

un boitier de sonde (104) ayant une extrémité
proximale, une extrémité distale et un axe lon-
gitudinal (108);

un réseau de transducteurs ultrasoniques dis-
posé dans I'extrémité distale du boitier, le ré-
seau de transducteurs ultrasoniques étant con-
figuré pour produire une pluralité d’'ondes ultra-
soniques qui forment un plan d'imagerie ultra-
sonique (208), ayant une distribution de fré-
quences centrée sur environ 20 MHz,

un guide-aiguille (110);

une gaine protectrice (124) ; et

un élément d’alignement de guide-aiguille (128)
qui est un élément positif et/ou négatif disposé
sur une surface du boitier de sonde, dans la-
quelle I'élément d’alignement de guide-aiguille
est configuré pour fixer le guide-aiguille au boi-
tier de sonde avec la gaine protectrice entre eux
par accouplementd’un élément négatif et/ou po-
sitif approximativement adapté sur le guide-
aiguille, dans laquelle le guide-aiguille est agen-
cé pour guider une aiguille (114) dans le plan
d’'imagerie ultrasonique lorsque le guide-aiguille
est fixé au boitier de sonde et dans lequel I'élé-
ment d’alignement de guide-aiguille est configu-
ré pour maintenir I'alignement de l'aiguille avec
le plan d’imagerie ultrasonique.

Sonde ultrasonique selon la revendication 1, dans
laquelle le guide-aiguille comprend au moins deux
canaux (112) configurés pour guider des aiguilles
(114) effectuant une translation a travers les canaux
selon deux angles différents par rapport a I'axe lon-
gitudinal du boitier de sonde.
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3.

10.

1.

12.

Sonde ultrasonique selon la revendication 1, dans
laquelle une variation dimensionnelle de I'élément
d’alignement, une variation dimensionnelle du gui-
de-aiguille et une variation dimensionnelle de la gai-
ne protectrice totalisent environ 250 micrométres.

Sonde ultrasonique selon la revendication 1, dans
laquelle I'extrémité distale comprend une face (120)
qui fait un angle par rapport a I'axe longitudinal d’au
moins 5° pour un accouplement acoustique entre le
réseau de transducteurs ultrasoniques et une struc-
ture de corps.

Sonde ultrasonique selon la revendication 4, dans
laquelle la face fait un angle d’environ 13° par rapport
a I'axe longitudinal pour un accouplement acousti-
que entre le réseau de transducteurs ultrasoniques
et une prostate.

Sonde ultrasonique selon la revendication 1, dans
laquelle le plan d’imagerie ultrasonique a une largeur
comprise entre environ 300 et 500 micrométres.

Sonde ultrasonique selon la revendication 4, dans
laquelle le plan d’'imagerie ultrasonique formé par le
réseau de transducteurs est de maniére générale
orthogonal a la face du boitier.

Sonde ultrasonique selon la revendication 1, dans
laquelle le réseau de transducteurs ultrasoniques
est configuré de sorte que la sonde soit une sonde
ultrasonique latérale.

Sonde ultrasonique selon la revendication 1, dans
laquelle le plan d’'imagerie ultrasonique a une lar-
geur, et dans laquelle le guide-aiguille est configuré
pour recevoir une aiguille (114) ayant un diamétre
supérieur a la largeur du plan d’'imagerie.

Sonde ultrasonique selon la revendication 1, dans
laquelle I'aiguille comprend une aiguille de biopsie.

Sonde ultrasonique selon la revendication 2, dans
laquelle le guide-aiguille comprend en outre :

un orifice (113) ;

un cadre (304);

un boitier d’aiguille (308); et

un élément de positionnement (312) raccordé
au cadre et configuré pour limiter le déplace-
ment du cadre dans I'élément d’alignement
dans des directions supplémentaires.

Sonde ultrasonique selon la revendication 11, dans
laquelle le cadre comprend un bord approximative-
ment orthogonal a I'élément de positionnement, et
dans lequel le déplacement du cadre est limité dans
une direction paralléle au bord du cadre.
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13. Sonde ultrasonique selon la revendication 2, dans
laquelle le guide aiguille est en outre configuré pour
orienter I'aiguille de maniére sensiblement paralléle
a l'axe longitudinal du boitier de sonde.
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