wo 20187202470 A1 | 0E 0000 O O Y

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
08 November 2018 (08.11.2018)

(10) International Publication Number

WO 2018/202470 A1

WIPO I PCT

(51) International Patent Classification:
A61B 8/12 (2006.01) A61B 8/00(2006.01)
A61B 10/02 (2006.01) A61B 8/08 (2006.01)

(21) International Application Number:
PCT/EP2018/060413

(22) International Filing Date:
24 April 2018 (24.04.2018)

(72) Inventor: IHATSU, Mika, Tapani; High Tech Campus 5,
5656 AE Eindhoven (NL).

(74) Agent: VAN IERSEL, Hannie et al.; Philips International
B.V., Intellectual Property & Standards, High Tech Campus
5, 5656 AE Eindhoven (NL).

(81) Designated States (unless otherwise indicated, for every

kind of national protection available). AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,

(25) Filing Language: English CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,

(26) Publication Language: English DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,

o HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,

(30) Priority Data: KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME,
62/500,122 02 May 2017 (02.05.2017) Us

MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(71) Applicant: KONINKLIJKE PHILIPS N.V. [NL/NL];
High Tech Campus 5, 5656 AE Eindhoven (NL).

(54) Title: TRANSPERINEAL STEPPER INCLUDING ROTATABLE TRANSDUCER PROBE AND SHAFT WITH INTERNAL
CABLE

FIG. 9

(57) Abstract: A device includes an ultrasound probe including an elongated neck insertable in a patient and rotatable around a first
longitudinal axis, an ultrasound transducer, and an elongated body rotatable around a second longitudinal axis that is parallel to and
offset from the first longitudinal axis. The elongated body is removably attached to a probe mounting structure. A shatt is attached to
the probe mounting structure, where rotation of the shatt causes corresponding rotation of the probe mounting structure and the attached
elongated body of the ultrasound probe. The shaft defines a longitudinal shaft channel in an interior portion and a longitudinal shaft
groove extending from a surface of the shaft to the longitudinal shaft channel. A cable is insertable into the longitudinal shatt channel
through the longitudinal shaft groove, and enters an internal channel of the ultrasound probe through the longitudinal shaft channel
enabling electrical connection with the ultrasound transducer.

[Continued on next page]



WO 2018/202470 A1 {00000 A0 Y

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

— as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

Published:
—  with international search report (Art. 21(3))




WO 2018/202470 PCT/EP2018/060413

TRANSPERINEAL STEPPER INCLUDING ROTATABLE TRANSDUCER PROBE
AND SHAFT WITH INTERNAL CABLE

BACKGROUND
[0001] A transperineal stepper is configured to drive a biopsy needle through an intended
location of the perineum (i.c., the arca between the anus and the scrotum or vulva of a patient).
A grid plate having a pattern or array of grid holes is positioned at a distal end of the
transperineal stepper in order to provide guidance for one or more biopsy needles. The
transperineal stepper includes an ultrasound probe insertable into the rectum of the patient, a
cradle configured to rotate the ultrasound probe to various angles during a procedure, and a base
configured to move the ultrasound probe longitudinally. The grid plate is attachable to the
transperineal stepper, and different kinds of grid plates may be used, which vary in pattern and
hole size, for example. The grid plate may be a reusable or disposal part. The ultrasound probe
provides ultrasound images from within the patient’s body, as well as stabilizes the positioning
of the transperineal stepper.
[0002] FIG. 1 A is a perspective view of a conventional transperineal stepper system 100,
including a transperineal stepper 105, having an ultrasound probe 110 positioned in a
conventional cradle 130, a base 150, and a grid plate 180. FIG. 1B is a back plan view of the
conventional transperineal stepper system 100 (as viewed from the proximal end of the
transperineal stepper 105). The ultrasound probe 110 includes an clongated neck 112, at least
one ultrasound transducer 114 connected to a distal end of the elongated neck 112, and an
clongated body 116 connected to a proximal end of the elongated neck 112. The grid plate 180
is shown to include an array of grid holes, e.g., which are needle guides through which a needle
can be placed. Although in FIGs. 1A and 1B, the grid plate 180 may appear to be a simple
device, the grid plate 180 can be used in conjunction with other medical equipment for medical
procedures that require extraordinarily precise control of, for example, biopsy needles. For
example, as mentioned above, the transperineal stepper 105 may be used with the grid plate 180
to drive a biopsy needle through an intended location of the perineum. The ultrasound probe 110

is configured to move longitudinally beneath the grid plate 180, for insertion in the rectum of the
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patient, and to rotate through operation of the cradle 130 for obtaining images at different angles
from within the patient’s body.

[0003] The rotation is achicved by rotating the ultrasound probe 110 around a center of rotation
(first longitudinal axis) of the elongated neck 112, which is different from a center of rotation
(second longitudinal axis) of the elongated body 116. That is, the first longitudinal axis is offset
from the second longitudinal axis, making the design of the cradle 130 is problematic. For
example, the cradle 130 may reach a rotation window of about 90 degrees to about 160 degrees,
but it is not very stable on the edges of the rotation. Also, because a minimum diameter of the
cradle 130 is heavily dependent on the geometry of the ultrasound probe 110, the minimum
diameter is usually relatively large. The relatively large diameter blocks access to the grid plate
180 when the cradle is rotated, particularly to the edges of the rotation, as shown in FIG. 1B, for
example, preventing insertion of biopsy needles through the blocked holes.

[0004] Furthermore, the design of the cradle 130 is fairly complicated. To work properly, the
cradle 130 requires tight tolerances in certain features where it is difficult to maintain
manufacturing accuracy. Therefore, the cradle 130 usually needs fine tuning screws and other
adjusters, which are problematic to produce, and render each cradle 130 and thus each
transperineal stepper 105 unique. Also, the smooth rotation of the cradle 130 is very sensitive
for a moment which generates when the elongated neck 112 is pushed in use. The design of the
cradle 130 makes it fairly difficult to design a rotation handle which would generate a smooth
and accurate rotation. Also, as a practical matter, the cradle 130 is difficult to clean and keep
clean.

[0005] It is possible to replace the cradle design by a shaft design (not shown), which includes
placement of a rotational shaft that engages at the proximal end of the ultrasound probe 110 to
provide rotation. However, cable management becomes problematic using the shaft design since
cable 119, for providing power and electrical signals to the ultrasound transducer 114, is attached
to the proximal end of the ultrasound probe, interfering with rotational movement of the shaft.
[0006] Therefore, a transperineal stepper is needed that has efficient and casily operated means
for rotating the ultrasound probe, without interfering with other aspects of transperineal stepper

operation, such as effective cable management or increased size.
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SUMMARY
[0007] According to an aspect of the present disclosure, a device is provided that includes an
ultrasound probe, a shaft and at least one cable. The ultrasound probe includes an elongated
neck insertable in a patient and rotatable around a first longitudinal axis, where at least one
ultrasound transducer is connected to a distal end of the elongated neck, and an elongated body
connected to a proximal end of the elongated neck and rotatable around a second longitudinal
axis that is parallel to and offset from the first longitudinal axis, where the elongated body is
removably attached to a probe mounting structure. The shaft is arranged at a proximal end of the
clongated body and attached to a proximal end of the probe mounting structure. Rotation of the
shaft causes corresponding rotation of the probe mounting structure and the attached elongated
body of the ultrasound probe around the second longitudinal axis to a desired position, where the
shaft defines a longitudinal shaft channel in an interior portion of the shaft and a longitudinal
shaft groove extending from a surface of the shaft to the longitudinal shaft channel. The at least
one cable provides clectrical connections to the at least one ultrasound transducer, where the at
least one cable is insertable into the longitudinal shaft channel through the longitudinal shaft
groove, and enters an internal channel of the ultrasound probe through the longitudinal shaft

channel to enable ¢lectrical connection with the at least one ultrasound transducer.
[0008] The at least one ultrasound transducer may include an ultrasound transducer array.

[0009] The shaft is a rotatable around a third longitudinal axis that is parallel to and
longitudinally aligned with the first longitudinal axis of the elongated neck. The device further
includes a shaft housing containing the shaft, the shaft being rotatable around the third
longitudinal axis within the shaft housing. The shaft housing defines a longitudinal housing
groove that is alignable with the longitudinal shaft groove in the shaft to enable placement of the
at least one cable within the longitudinal shaft groove. The device further includes a handle
containing the shaft housing and connected to the shaft within the shaft housing, preventing the
shaft from sliding, where rotation of the handle causes corresponding rotation of the shaft around
the third longitudinal axis of the shaft. The handle defines a longitudinal handle groove
alignable with the longitudinal housing groove and aligned with the longitudinal shaft groove,

enabling placement of the at least one cable in the longitudinal shaft groove.
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[0010] The probe mounting structure may include a support configured to receive the
elongated body of the ultrasound probe, and a clamp configured to mechanically secure the
clongated body in the support, such that the clongated body is in a fixed position relative to the
probe mounting structure. The probe mounting structure may further include a flange at the
proximal end of the probe mounting structure, where the shaft is attached to the flange. The
device may further include a base connected between the shaft housing and a grid plate having
an array of grid holes, where at least one needle is guided through at least one hole of the array
of grid holes. The base may included a longitudinal translation device arranged between the
shaft housing and the grid plate, enabling movement, as a unit, of the shaft housing, the shaft
contained in the shaft housing, the probe mounting structure attached to the shaft, and the
elongated body of the ultrasound probe secured to the probe mounting structure toward and away
from the grid plate. The longitudinal translation device may include at least one longitudinal
bore in the base, and at least one rod attached to the shaft housing at a proximal end of the at
least one rod, and configured to move longitudinally through the at least one longitudinal bore in
the base.

[0011] According to another aspect of the present disclosure, a transperineal stepper is provided
that includes an ultrasound probe, a probe mounting structure and a shaft. The ultrasound probe
includes at least one ultrasound transducer connected to a distal end of the ultrasound probe, and
a cable attached to a proximal end of the ultrasound probe for providing electrical connection to
the at least one ultrasound transducer. The ultrasound probe is attached to the probe mounting
structure. The shaft is connected to a proximal end of the probe mounting structure, the shaft
defining a longitudinal shaft channel in an interior portion of the shaft and a longitudinal shaft
groove extending from a surface of the shaft to the longitudinal shaft channel, enabling
placement of the cable in the longitudinal shaft channel. Rotation of the shaft causes
corresponding rotation of the probe mounting structure and the ultrasound probe attached to the
probe mounting structure, while the cable remains in the longitudinal shaft channel, to position

the at least one ultrasound transducer at a desired angle.

[0012] The ultrasound probe of the transperineal stepper may further include an elongated neck
rotatable around a first longitudinal axis, the at least one ultrasound transducer being connected

to a distal end of the elongated neck, and an elongated body connected to a proximal end of the
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clongated neck and rotatable around a second longitudinal axis that is parallel to and offset from
the first longitudinal axis. The rotation of the shaft may cause corresponding rotation of the
probe mounting structure and the elongated body of the ultrasound probe around the second
longitudinal axis, and the rotation of the elongated body may cause corresponding rotation of the
elongated neck around the first longitudinal axis to position the at least one ultrasound transducer
at the desired angle. The shaft may be rotatable around a third longitudinal axis that is parallel to
and longitudinally aligned with the first longitudinal axis of the elongated neck.

[0013] The transperineal stepper may further include a shaft housing containing the shaft, the
shaft being rotatable around the third longitudinal axis within the shaft housing, where the shaft
housing defines a longitudinal housing groove that is alignable with the longitudinal shaft groove
in the shaft to enable placement of the cable within the longitudinal shaft groove. The
transperineal stepper may further include a handle containing the shaft housing and connected to
the shaft, rotation of the handle causing corresponding rotation of the shaft around the third
longitudinal axis within the shaft housing. The handle may define a longitudinal handle groove
alignable with the longitudinal housing groove and aligned with the longitudinal shaft groove,
enabling placement of the at least one cable in the longitudinal shaft groove. The handle groove
may remain aligned with the longitudinal shaft groove during rotation of the shaft within the

shaft housing around the third longitudinal axis.

[0014] The transperineal stepper may further include a base, and a longitudinal translation
device including at least one longitudinal bore in the base, and at least one rod attached to the
shaft housing at a proximal end of the at least one rod, and configured to move longitudinally
through the at least one longitudinal bore in the base, enabling longitudinal movement, as a unit,
of the shaft housing, the shaft contained in the shaft housing, the probe mounting structure
attached to the shaft, and the ultrasound probe secured to the probe mounting structure. A grid
plate may be connected to a distal end of the base, the grid plate having an array of grid holes,
where at least one needle may be guided through at least one hole of the array of grid holes
during operation of the at least one ultrasound transducer.

[0015] According to yet another aspect of the present disclosure, a device is provided that

includes an ultrasound probe, a probe mounting structure, a shaft, a shaft housing and a handle.
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The ultrasound probe includes at least one ultrasound transducer connected to a distal end of the
ultrasound probe, and a cable attached to a proximal end of the ultrasound probe for providing
clectrical connection to the at least one ultrasound transducer. The probe mounting structure is
provided, where the ultrasound probe is removably attached to the probe mounting structure.
The shaft is connected to a proximal end of the probe mounting structure, where the shaft defines
a longitudinal shaft channel in an interior portion of the shaft and a longitudinal shaft groove
extending from a surface of the shaft to the longitudinal shaft channel. The shaft housing is
provided, such that the shaft is rotatable within the shaft housing, and where the shaft housing
defines a longitudinal housing groove that is alignable with the longitudinal shaft groove in the
shaft. The handle is connected to the shaft, where the handle defines a longitudinal handle
groove that is in a fixed alignment with the longitudinal shaft groove and alignable with the
longitudinal housing groove in a neutral position of the shaft, to enable placement of the cable
within the longitudinal shaft groove. Rotation of the handle causes corresponding rotation of the
shaft within the shaft housing, and the rotation of the shaft causes corresponding rotation of the
probe mounting structure and the ultrasound probe attached to the probe mounting structure,

while the cable remains in the longitudinal shaft channel.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016] The example embodiments are best understood from the following detailed description
when read with the accompanying drawing figures. It is emphasized that the various features are
not necessarily drawn to scale. In fact, the dimensions may be arbitrarily increased or decreased
for clarity of discussion. Wherever applicable and practical, like reference numerals refer to like
clements.
[0017] FIG. 1 A is a perspective view of a conventional system including a transperineal stepper
with a cradle and attached grid plate.
[0018] FIG. 1B is a back view of the conventional system in FIG. 1A including a transperineal
stepper with a cradle and attached grid plate.
[0019] FIG. 2 is a side view of an ultrasound probe for use in a transperineal stepper, according
to a representative embodiment.

[0020] FIG. 3A is a side view of the ultrasound probe and a probe mounting structure attached to



WO 2018/202470 PCT/EP2018/060413

a rotating shaft for use in a transperineal stepper, according to a representative embodiment.
[0021] FIG. 3B is a cross-sectional view of the ultrasound probe and a probe mounting structure
attached to the rotating shaft for use in the transperineal stepper, according to a representative
embodiment.

[0022] FIG. 4 is an exploded perspective view of the probe mounting structure and the rotating
shaft of FIGs. 3A and 3B for use in a transperineal stepper, according to a representative
embodiment.

[0023] FIG. 5 is a perspective view of the rotating shaft for use in the transperineal stepper,
according to a representative embodiment.

[0024] FIG. 6 is a perspective view of the ultrasound probe and the probe mounting structure
attached to the rotating shaft for use in the transperineal stepper, according to a representative
embodiment.

[0025] FIG. 7 is a perspective view of a shaft housing of the rotating shaft for use in the
transperineal stepper, according to a representative embodiment.

[0026] FIG. 8A is a cross-section view of a rotating handle for operating the rotating shaft within
the shaft housing shown in FIG. 7 for use in the transperineal stepper, according to a
representative embodiment.

[0027] FIG. 8B is a perspective view of rotating handle in FIG. 8A for operating the rotating
shaft for use in the transperineal stepper, according to a representative embodiment.

[0028] FIG. 9 is a perspective view of a transperineal stepper system including a transperineal
stepper with a rotating shaft and an attached grid plate, according to a representative

embodiment.

DETAILED DESCRIPTION
[0029] In the following detailed description, for purposes of explanation and not limitation,
representative embodiments disclosing specific details are set forth in order to provide a
thorough understanding of an embodiment according to the present teachings. Descriptions of
known systems, devices, materials, methods of operation and methods of manufacture may be
omitted so as to avoid obscuring the description of the representative

embodiments. Nonetheless, systems, devices, materials and methods that are within the purview
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of one of ordinary skill in the art are within the scope of the present teachings and may be used in
accordance with the representative embodiments. It is to be understood that the terminology
used herein is for purposes of describing particular embodiments only, and is not intended to be
limiting. The defined terms are in addition to the technical and scientific meanings of the
defined terms as commonly understood and accepted in the technical field of the present
teachings.

[0030] It will be understood that, although the terms first, second, third etc. may be used herein
to describe various elements or components, these elements or components should not be limited
by these terms. These terms are only used to distinguish one element or component from another
clement or component. Thus, a first eclement or component discussed below could be termed a
second element or component without departing from the teachings of the inventive concept.
[0031] The terminology used herein is for purposes of describing particular embodiments only,
and is not intended to be limiting. As used in the specification and appended claims, the singular
forms of terms “a”, “an” and “the” are intended to include both singular and plural forms, unless
the context clearly dictates otherwise. Additionally, the terms “comprises”, and/or “comprising,”
and/or similar terms when used in this specification, specify the presence of stated features,
elements, and/or components, but do not preclude the presence or addition of one or more other
features, elements, components, and/or groups thercof. As used herein, the term “and/or”
includes any and all combinations of one or more of the associated listed items.

[0032] Unless otherwise noted, when an element or component is said to be “connected to”,
“coupled to”, or “adjacent to” another eclement or component, it will be understood that the
clement or component can be directly connected or coupled to the other element or component,
or intervening elements or components may be present. That is, these and similar terms
encompass cases where one or more intermediate elements or components may be employed to
connect two elements or components. However, when an element or component is said to be
“directly connected” to another element or component, this encompasses only cases where the
two elements or components are connected to each other without any intermediate or intervening
clements or components.

[0033] In view of the foregoing, the present disclosure, through one or more of its various

aspects, embodiments and/or specific features or sub-components, is thus intended to bring out
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one or more of the advantages as specifically noted below. For purposes of explanation and not
limitation, example embodiments disclosing specific details are set forth in order to provide a
thorough understanding of an embodiment according to the present teachings. However, other
embodiments consistent with the present disclosure that depart from specific details disclosed
herein remain within the scope of the appended claims. Moreover, descriptions of well-known
apparatuses and methods may be omitted so as to not obscure the description of the example
embodiments. Such methods and apparatuses are within the scope of the present disclosure.
[0034] FIG. 2 is a side view of an ultrasound probe for use in a transperineal stepper, according to
a representative embodiment.

[0035] Referring to FIG. 2, an ultrasound probe 210 includes an clongated neck 212, at least one
ultrasound transducer 214 connected to a distal end of the elongated neck 212, and an elongated
body 216 connected to a proximal end of the elongated neck 212. The elongated neck 212 is
insertable in a patient and rotatable around a first longitudinal axis 212°, which corresponds to a
center longitudinal axis of the clongated neck 212. For example, the elongated neck 212 may be
configured to be inserted into the rectum of the patient, and rotated to various angles around the
first longitudinal axis 212’ to provide images with different views from the ultrasound transducer
214. In the depicted embodiment, the ultrasound transducer 214 is an ultrasound transducer
array, comprising multiple ultrasound transducers typically arranged in a row and column
configuration, providing illustrative image field 215. Of course, the ultrasound transducer 214
may be implemented as various numbers, types and/or arrangements without departing from the
scope of the present teachings. The elongated body 216 is rotatable around a second longitudinal
axis 216°, which corresponds to a center longitudinal axis of the elongated body 216. The
second longitudinal axis 216’ is parallel to and laterally offset from the first longitudinal axis
212°.

[0036] The ultrasound probe 210 also includes a strain relief 217 and a cable 219 inserted
through the strain relief 217. The strain relief 217 protects a mount point of the cable 219 from
stresses induced by mancuvering, such as pulling, pushing and rotating the ultrasound probe 210.
The cable 219 runs through the strain relief 217 to access an internal channel (e.g., internal
channel 211 shown in FIG. 3B) of the ultrasound probe 210, to provide electrical connections

with the (at least one) ultrasound transducer 214. In the depicted example, the cable 219 runs the
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length of the ultrasound probe 210 within the internal channel 211 to the ultrasound transducer
214. In alternative configurations, the cable 219 ends short of the ultrasound probe 210,
connecting to a combiner board (not shown) inside the ultrasound transducer 214, which
provides separate internal wiring.

[0037] FIG. 3A is a side view and FIG. 3B is a cross-sectional view of an ultrasound probe and a
probe mounting structure attached to a rotating shaft for use in a transperineal stepper, according
to a representative embodiment. FIG. 4 is an exploded perspective view of an illustrative probe
mounting structure and a rotating shaft for use in a transperineal stepper, according to a
representative embodiment.

[0038] Referring to FIGs. 3A, 3B and 4, the ultrasound probe 210 is attached to a probe
mounting structure 230, which is attached to a shaft 220. Thus, the shaft 220 is arranged at the
proximal end of the elongated body 216 of the ultrasound probe 210. The probe mounting
structure 230 includes a support 233 configured to receive the elongated body 216 of the
ultrasound probe 210, and a clamp 235 configured to mechanically secure the eclongated body
216 in the support 233, such that the elongated body 216 is held in a fixed position relative to the
probe mounting structure 230. In the depicted example, each of the support 233 and the clamp
235 has a concave shape to receive the substantially tubular shaped ultrasound probe 210. Of
course, the support 233 and the clamp 235 may have alternative shapes to accommodate the
particular shape of the type of ultrasound probe that it connects to the probe mounting structure
230, without departing from the scope of the present teachings. Likewise, connection means
other than the paired support 233 and clamp 235 may be incorporated, without departing from
the scope of the present teachings.

[0039] Referring again to the depicted example, the probe mounting structure 230 further
includes a flange 231 at its proximal end. The flange 231 defines holes 236 A and 236B that
align with holes 226A and 226B in the distal end of the shaft 220. The aligned holes 236A/226A
and 236B/226B respectively receive screws 237A and 237B to mechanically secure or attach the
shaft 220 to the flange 231. Any other means of securely attaching the shaft 220 to the flange
231, such as bolts, rivets, clamps or solder, for example, may be incorporated without departing
from the scope of the present teachings, as would be apparent to one skilled in the art. The shaft

220 also includes a set of pins, pins 227A and 227B, protruding from the proximal end of the
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shaft 220. The pins 227A and 227B are used to attach the shaft 220 to a handle (e.g., rotating
handle 260 shown in FIGs. 8A and 8B) used to rotate the shaft 220, as discussed below.

[0040] The shaft 220 is rotatable around a third longitudinal axis 220°, which corresponds to a
center longitudinal axis of the shaft 220. In the depicted embodiment, the third longitudinal axis
220’ is parallel to and aligned with the first longitudinal axis 212’ of the elongated neck 212.
Rotation of the shaft 220 causes corresponding rotation of the probe mounting structure 230 and
the attached clongated body 216 of the ultrasound probe 210 around the second longitudinal axis
216’ to a desired position. Rotation of the elongated body 216 translates into rotation of the
elongated neck 212 around the first longitudinal axis 212°, placing the ultrasound transducer 214
at a desired angle for ultrasound imaging.

[0041] FIG. 5 is a perspective view of the rotating shaft of FIGs. 3A and 3B for use in the
transperineal stepper, according to a representative embodiment.

[0042] Referring to FIGs. 4 and 5, the shaft 220 defines a longitudinal shaft channel 224 and a
longitudinal shaft groove 225. The shaft channel 224 passes through an interior portion of the
shaft 220 along the length of the shaft 220 (between proximal and distal ends). The shaft groove
225 parallels the shaft channel 224 along the length of the shaft 220 in the longitudinal direction,
and also extends inwardly from an outer surface of the shaft 220 to the shaft channel 224,
enabling open access to the shaft channel 224. Thus, the cable 219, for example, is insertable
into the shaft channel 224 (and subsequently into the internal channel 211 of the ultrasound
probe 210, as discussed above) by passing through the shaft groove 225 in the shaft 220. The
shaft 220 also includes a hole 221 at the bottom ofthe shaft channel 224 to enable physical
attachment to an operational handle (e.g., handle 260), discussed below.

[0043] Accordingly, beginning at the proximal end of the shaft 220, none of the cable 219 runs
externally, preventing the cable 219 from interfering with movement of the ultrasound probe 210
and/or its supporting structure. That is, running the cable 219 internally through the shaft
channel 224 improves cable management while manipulating the ultrasound probe 210 during
medical procedures. Notably, although a single cable 219 is shown for purposes of illustration, it
is understood that the cable 219 may be representative of multiple (two or more) cables passing
through the internal channel 211 of the shaft 220 and providing wired connections to the

ultrasound transducer 214. The cable 219 may provide electrical power to and/or exchange
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electrical signaling with the ultrasound transducer 214.

[0044] FIG. 6 is a perspective view of the ultrasound probe and the probe mounting structure
attached to the rotating shaft of FIGs. 3A and 3B for use in the transperineal stepper, according to
a representative embodiment. Notably, FIG. 6 additionally shows the shaft groove 225 in the shaft
220 for accommodating insertion of the cable 219.

[0045] Referring to FIG. 6, the ultrasound probe 210 is attached to the probe mounting structure
230, which is attached to the shaft 220. The ultrasound probe 210 includes the elongated neck 212
and the clongated body 216 arranged end-to-end, and the at least one ultrasound transducer 214
(c.g., ultrasound transducer array) positioned at the distal end of the elongated neck 212 for
providing the image field 215. The elongated body 216 is secured to the support 233 ofthe probe
mounting structure 230 by the clamp 235. The probe mounting structure 230 is secured or fixed
to the shaft 220 via the flange 231. The shaft 220 defines the shaft channel 224 and the shaft
groove 225, where the shaft groove 225 exposes the shaft channel 224, enabling insertion (via the
shaft groove 225) of the cable 219 into the shaft channel 224 and the internal channel 211 of the
ultrasound probe 210. The cable 219 and/or wiring extending from the cable 219 runs within the
internal channel 211 to the ultrasound transducer 214, providing electrical power and/or electrical
signaling connections.

[0046] FIG. 7 is a perspective view of a rotating shaft and a shaft housing for use in the
transperineal stepper, according to a representative embodiment.

[0047] Referring to FIG. 7, a shaft housing 240 is configured to contain the shaft 220. The shaft
housing 240 defines a longitudinal housing groove 245 that is alignable with the longitudinal
shaft groove 225 in the shaft 220 to enable placement of the at least one cable 219 within the
shaft channel 224. The shaft housing 240 is held in place by a housing frame 241, which in the
depicted embodiment, is connected to a longitudinal translation device comprising rods 255
configured to slide through corresponding longitudinal bores 256 in a base 250 of the
transperineal stepper, for example, through manual operation of rotating knob 251. (Another
rotating knob 251 (not shown) may be arranged on the opposite side of the base 250.)
Accordingly, longitudinal motion or sliding of the rods 255 through the corresponding bores 256
of the base 250 results in movement, as a unit, of the housing frame 241 and housing 240. This,

in turn, results in corresponding longitudinal movement, as a unit with the housing frame 241
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and the housing 240, of the shaft 220, the probe mounting structure 230 attached to the shaft 220
via the flange 231, and the ultrasound probe 210 attached to the probe mounting structure 230 to
a desired position. For example, the longitudinal movement of the ultrasound probe 210 causes
movement of the elongated neck 212 within the patient for ultrasound imaging. The shaft 220 is
rotatable within the otherwise fixed shaft housing 240, resulting in corresponding rotation of the
probe mounting structure 230 and the ultrasound probe 210 attached to the probe mounting
structure 230, as discussed above. This results in angular positioning of the ultrasound
transducer 214 within the patient to obtain the desired ultrasound imaging.

[0048] FIGs. 8A is a cross-section view of a rotating handle for operating the rotating shaft
within the shaft housing shown in FIG. 7 for use in the transperineal stepper, and FIG. 8B is a
perspective view of rotating handle in FIG. 8A for operating the rotating shaft for use in the
transperineal stepper, according to a representative embodiment.

[0049] Referring to FIGs. 8A and 8B, an example implementation is depicted in which the rod(s)
255 are caused to slide through the bores 256. In particular, the rotating knob 251 is connected
to a gear 252 having teeth adapted to enmesh with teeth of a rail 253 within the base 250. As the
gear 252 rotates clockwise (in response to movement of the rotating knob 251), longitudinal
movement toward the distal end of the base 250 is translated to the rail 253, causing the
ultrasound probe 210 to move toward or into the patient. As the gear 252 rotates
counterclockwise, longitudinal movement toward the proximal end of the base 250 is translated
to the rail 253, causing the ultrasound probe 210 to move away from or out of the patient. Of
course, other mechanisms located in the base 250 or otherwise, may be incorporated to enable
longitudinal movement of the assembly including the shaft 220, the probe mounting structure
230 and the ultrasound probe 210, without departing from the scope of the present teachings.
[0050] Also, as shown in FIG. 8A, the shaft 220 includes the shaft channel 224, which contains
the strain relief 217 and the cable 219. The shaft groove 225 of the shaft 220, which in the
depicted neutral position of the shaft 220, is aligned with the housing groove 245 of'the housing
240, a handle groove 265 of handle 260 (discussed below), as well as a housing frame groove
242 in the housing frame 241. This alignment enables insertion of the cable 219 through the
aligned handle groove 265, housing groove 245 and shaft groove 225 into the shaft channel 224.
Then, when the shaft 220 is rotated to various positions within the shaft housing 240, the shaft
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groove 225 may no longer be aligned with the housing groove 245 (and the frame groove 242).
However, once the cable 219 is within the shaft channel 224, alignment of the shaft groove 225
with the housing groove 245 and the housing frame groove 242 is no longer necessary, enabling
case of cable management during manipulation of the transperineal stepper. The shaft 220 also
includes the shaft pins 227A and 227B projecting from the proximal end of the shaft 220, as well
as the hole 221 in the bottom portion of the shaft 220, enabling attachment of the shaft 220 to the
handle 260 via a screw 261.

[0051] FIG. 8B is a perspective view of the rotating handle 260 for use in the transperineal
stepper, mentioned above, according to a representative embodiment. Referring to FIG. 8B, the
handle 260 surrounds both the shaft housing 240 and the shaft 220. In the depicted example, the
handle 260 is physically connected to the shaft 220 by the shaft pins 227A and 227B extending
through corresponding holes 267A and 267B through the proximal end of the handle 260. The
handle 260 is further connected to the shaft 220 by the screw 261 extending through the hole 221
of the shaft 220. Of course, other means of physically connecting the handle 260 the shaft 220
may be incorporated without departing from the scope of the present teachings. The handle 260
prevents the shaft 220 from sliding longitudinally within the shaft housing 240. Rotation of the
handle 260 causes corresponding rotation of the shaft 220 around the third longitudinal axis
220, which further causes rotation of the elongated neck 212 around the first longitudinal axis
212

[0052] The handle 260 defines the longitudinal handle groove 265, mentioned above, that is
alignable with the housing groove 245 and the frame groove 242, and is aligned with the shaft
groove 225, enabling placement of the at least one cable 219 in the shaft channel 224. Then,
when the shaft 220 is rotated to various positions by operation of the handle 260 within the shaft
housing 240, the shaft groove 225 and the handle groove 265 (which rotate together) may no
longer be aligned with the housing groove 245 (and the frame groove 242). In other words, the
handle 260 defines a longitudinal handle groove 265 that is in a fixed alignment with the
longitudinal shaft groove 225 throughout rotational operation of the ultrasound probe 210, and is
aligned with the longitudinal housing groove 245 (and the housing frame groove 242) in a
neutral position of the shaft 220. However, once the cable 219 is within the shaft channel 224,

alignment of the shaft groove 225 and the handle groove 265 with the housing groove 245 and
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the housing frame groove 242 is no longer necessary, enabling ease of cable management during
manipulation of the transperineal stepper. Of course, means of rotating the shaft 220 and/or
preventing the shaft 220 from sliding longitudinally within the housing 240 may be incorporated
without departing from the scope of the present teachings.

[0053] FIG. 9 is a perspective view of a transperineal stepper system including a transperineal
stepper with a rotating shaft and an attached grid plate, according to a representative
embodiment.

[0054] Referring to FIG. 9, transperineal stepper system 900 includes a transperineal stepper
205, having the ultrasound probe 210 positioned in the probe mounting structure 230, and a grid
plate 180. The ultrasound probe 210 includes the clongated neck 212, at least one ultrasound
transducer 214 connected to a distal end of the eclongated neck 212, and an elongated body 216
connected to a proximal end of the elongated neck 212. The grid plate 180 is shown to include
an array of grid holes, e.g., which are needle guides through which a needle can be placed. The
transperineal stepper 205 further includes the shaft 220, which defines the shaft channel 224 and
the shaft groove 225 (for accessing the shaft channel 224). The cable 219 of the ultrasound
probe is placed in the shaft channel 224 through the shaft groove 225, enabling casy cable
management during operation of the transperineal stepper system 900.

[0055] The transperineal stepper 205 further includes the handle 260, which encompasses the
shaft housing 240 and the shaft 220. Rotation of the handle 260 causes corresponding rotation of
the shaft 220, and thus rotation of the elongated neck 212 of the ultrasound probe 210, as
discussed above. The handle 260 also prevents the shaft 220 from sliding longitudinally within
the shaft housing 240. The handle 260 defines a longitudinal handle groove 265 that is alignable
with the housing groove 245 and the frame groove 242, and is aligned with the shaft groove 225
of the shaft 220, enabling placement of the at least one cable 219 in the shaft channel 224, when
all the grooves are in alignment. When the shaft 220 is rotated to various positions by operation
of the handle 260 within the shaft housing 240, the shaft groove 225 and the handle groove 265
rotate together, while the cable 219 remains within the shaft channel 224, enabling ease of cable
management during manipulation of the transperineal stepper 205.

[0056] The illustrations of the embodiments described herein are intended to provide a general

understanding of the structure of the various embodiments. The illustrations are not intended to
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serve as a complete description of all of the elements and features of the disclosure described
herein. Many other embodiments may be apparent to those of skill in the art upon reviewing the
disclosure. Other embodiments may be utilized and derived from the disclosure, such that
structural and logical substitutions and changes may be made without departing from the scope
of the disclosure. Additionally, the illustrations are merely representational and may not be
drawn to scale. Certain proportions within the illustrations may be exaggerated, while other
proportions may be minimized. Accordingly, the disclosure and the figures are to be regarded as
illustrative rather than restrictive.

[0057] One or more embodiments of the disclosure may be referred to herein, individually
and/or collectively, by the term “invention” merely for convenience and without intending to
voluntarily limit the scope of this application to any particular invention or inventive concept.
Moreover, although specific embodiments have been illustrated and described herein, it should
be appreciated that any subsequent arrangement designed to achieve the same or similar purpose
may be substituted for the specific embodiments shown. This disclosure is intended to cover any
and all subsequent adaptations or variations of various embodiments. Combinations of the above
embodiments, and other embodiments not specifically described herein, will be apparent to those
of skill in the art upon reviewing the description.

[0058] According to an aspect of the present disclosure, a device is provided that includes an
ultrasound probe, a shaft and at least one cable. The ultrasound probe includes an elongated
neck insertable in a patient and rotatable around a first longitudinal axis, where at least one
ultrasound transducer is connected to a distal end of the elongated neck, and an elongated body
connected to a proximal end of the elongated neck and rotatable around a second longitudinal
axis that is parallel to and offset from the first longitudinal axis, where the elongated body is
removably attached to a probe mounting structure. The shaft is arranged at a proximal end of the
clongated body and attached to a proximal end of the probe mounting structure, where rotation of
the shaft causes corresponding rotation of the probe mounting structure and the attached
elongated body of the ultrasound probe around the second longitudinal axis to a desired position.
The shaft defines a longitudinal shaft channel in an interior portion of the shaft and a longitudinal
shaft groove extending from a surface of the shaft to the longitudinal shaft channel. The at least

one cable provides electrical connections to the at least one ultrasound transducer, where the at
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least one cable is insertable into the longitudinal shaft channel through the longitudinal shaft
groove, and enters an internal channel of the ultrasound probe through the longitudinal shaft
channel to enable clectrical connection with the at least one ultrasound transducer.

[0059] The Abstract of the Disclosure is provided to comply with 37 C.F.R. §1.72(b) and is
submitted with the understanding that it will not be used to interpret or limit the scope or
meaning of the claims. In addition, in the foregoing Detailed Description, various features may
be grouped together or described in a single embodiment for the purpose of streamlining the
disclosure. This disclosure is not to be interpreted as reflecting an intention that the claimed
embodiments require more features than are expressly recited in each claim. Rather, as the
following claims reflect, inventive subject matter may be directed to less than all of the features
of any of the disclosed embodiments. Thus, the following claims are incorporated into the
Detailed Description, with cach claim standing on its own as defining separately claimed subject
matter.

[0060] The preceding description of the disclosed embodiments is provided to enable any person
skilled in the art to practice the concepts described in the present disclosure. As such, the above
disclosed subject matter is to be considered illustrative, and not restrictive, and the appended
claims are intended to cover all such modifications, enhancements, and other embodiments
which fall within the true spirit and scope of the present disclosure. Thus, to the maximum
extent allowed by law, the scope of the present disclosure is to be determined by the broadest
permissible interpretation of the following claims and their equivalents, and shall not be

restricted or limited by the foregoing detailed description.
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CLAIMS:

1. A device, comprising:
an ultrasound probe comprising:

an elongated neck insertable in a patient and rotatable around a first longitudinal
axis, wherein at least one ultrasound transducer is connected to a distal end of the
elongated neck; and

an elongated body connected to a proximal end of the elongated neck and
rotatable around a second longitudinal axis that is parallel to and offset from the first
longitudinal axis, wherein the elongated body is removably attached to a probe mounting
structure;

a shaft arranged at a proximal end of the elongated body and attached to a proximal end
of the probe mounting structure, rotation of the shaft causing corresponding rotation of the probe
mounting structure and the attached elongated body of the ultrasound probe around the second
longitudinal axis to a desired position, wherein the shaft defines a longitudinal shaft channel in
an interior portion of the shaft and a longitudinal shaft groove extending from a surface of the
shaft to the longitudinal shaft channel; and

at least one cable for providing electrical connections to the at least one ultrasound
transducer, wherein the at least one cable is insertable into the longitudinal shaft channel through
the longitudinal shaft groove, and enters an internal channel of the ultrasound probe through the
longitudinal shaft channel to enable electrical connection with the at least one ultrasound

transducer.

2. The device of claim 1, wherein the at least one ultrasound transducer comprises an

ultrasound transducer array.

3. The device of claim 1, wherein the shaft is a rotatable around a third longitudinal axis

that is parallel to and longitudinally aligned with the first longitudinal axis of the elongated neck.

4. The device of claim 3, further comprising:
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a shaft housing containing the shaft, the shaft being rotatable around the third
longitudinal axis within the shaft housing, wherein the shaft housing defines a longitudinal
housing groove that is alignable with the longitudinal shaft groove in the shaft to enable

placement of the at least one cable within the longitudinal shaft groove.

5. The device of claim 4, further comprising:

a handle containing the shaft housing and connected to the shaft within the shaft housing,
preventing the shaft from sliding, rotation of the handle causing corresponding rotation of the
shaft around the third longitudinal axis of the shaft,

wherein the handle defines a longitudinal handle groove alignable with the longitudinal
housing groove and aligned with the longitudinal shaft groove, enabling placement of the at least

one cable in the longitudinal shaft groove.

6. The device of claim 1, wherein the probe mounting structure comprises a support
configured to receive the elongated body of the ultrasound probe, and a clamp configured to
mechanically secure the elongated body in the support, such that the elongated body is in a fixed

position relative to the probe mounting structure.

7. The device of claim 6, wherein the probe mounting structure further comprises a

flange at the proximal end of the probe mounting structure, the shaft being attached to the flange.

8. The device of claim 7, further comprising:
a base connected between the shaft housing and a grid plate comprising an array of grid

holes, wherein at least one needle is guided through at least one hole of the array of grid holes.

9. The device of claim &8, wherein the base comprises:
a longitudinal translation device arranged between the shaft housing and the grid plate,
enabling movement, as a unit, of the shaft housing, the shaft contained in the shaft housing, the

probe mounting structure attached to the shaft, and the elongated body of the ultrasound probe

19



WO 2018/202470 PCT/EP2018/060413

secured to the probe mounting structure toward and away from the grid plate, the longitudinal
translation device comprising:

at least one longitudinal bore in the base; and

at least one rod attached to the shaft housing at a proximal end ofthe at least one rod, and

configured to move longitudinally through the at least one longitudinal bore in the base.

10. A transperineal stepper, comprising:

an ultrasound probe comprising at least one ultrasound transducer connected to a distal
end of the ultrasound probe, and a cable attached to a proximal end of the ultrasound probe for
providing clectrical connection to the at least one ultrasound transducer;

a probe mounting structure to which the ultrasound probe is attached; and

a shaft connected to a proximal end of the probe mounting structure, the shaft defining a
longitudinal shaft channel in an interior portion of the shaft and a longitudinal shaft groove
extending from a surface of the shaft to the longitudinal shaft channel, enabling placement of the
cable in the longitudinal shaft channel,

wherein rotation of the shaft causes corresponding rotation of the probe mounting
structure and the ultrasound probe attached to the probe mounting structure, while the cable
remains in the longitudinal shaft channel, to position the at least one ultrasound transducer at a

desired angle.

11. The transperineal stepper of claim 10, wherein the ultrasound probe comprises:

an elongated neck rotatable around a first longitudinal axis, the at least one ultrasound
transducer being connected to a distal end of the elongated neck; and

an clongated body connected to a proximal end of the clongated neck and rotatable

around a second longitudinal axis that is parallel to and offset from the first longitudinal axis.
12. The transperineal stepper of claim 11, wherein the rotation of the shaft causes

corresponding rotation of the probe mounting structure and the elongated body of the ultrasound

probe around the second longitudinal axis, and the rotation of the elongated body causes
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corresponding rotation of the elongated neck around the first longitudinal axis to position the at

least one ultrasound transducer at the desired angle.

13. The transperineal stepper of claim 12, wherein the shaft is a rotatable around a third
longitudinal axis that is parallel to and longitudinally aligned with the first longitudinal axis of
the elongated neck.

14. The transperineal stepper of claim 13, further comprising:

a shaft housing containing the shaft, the shaft being rotatable around the third
longitudinal axis within the shaft housing, wherein the shaft housing defines a longitudinal
housing groove that is alignable with the longitudinal shaft groove in the shaft to enable

placement of the cable within the longitudinal shaft groove.

15. The transperineal stepper of claim 14, further comprising:
a handle containing the shaft housing and connected to the shaft, rotation of the handle
causing corresponding rotation of the shaft around the third longitudinal axis within the shaft

housing.

16. The transperineal stepper of claim 15, wherein the handle defines a longitudinal
handle groove alignable with the longitudinal housing groove and aligned with the longitudinal
shaft groove, enabling placement of the at least one cable in the longitudinal shaft groove, and

wherein the handle groove remains aligned with the longitudinal shaft groove during

rotation of the shaft within the shaft housing around the third longitudinal axis.

17. The transperineal stepper of claim 14, further comprising:

a base; and

a longitudinal translation device comprising at least one longitudinal bore in the base, and
at least one rod attached to the shaft housing at a proximal end ofthe at least one rod, and
configured to move longitudinally through the at least one longitudinal bore in the base, enabling

longitudinal movement, as a unit, of the shaft housing, the shaft contained in the shaft housing,
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the probe mounting structure attached to the shaft, and the ultrasound probe secured to the probe

mounting structure.

18. The transperineal stepper of claim 17, wherein a grid plate is connected to a distal
end of the base, the grid plate comprising an array of grid holes, wherein at least one needle is
guided through at least one hole of the array of grid holes during operation of the at least one

ultrasound transducer.

19. A device, comprising:

an ultrasound probe comprising at least one ultrasound transducer connected to a distal
end of the ultrasound probe, and a cable attached to a proximal end of the ultrasound probe for
providing clectrical connection to the at least one ultrasound transducer;

a probe mounting structure to which the ultrasound probe is removably attached,

a shaft connected to a proximal end of the probe mounting structure, wherein the shaft
defines a longitudinal shaft channel in an interior portion of the shaft and a longitudinal shaft
groove extending from a surface of the shaft to the longitudinal shaft channel;

a shaft housing, the shaft being rotatable within the shaft housing, wherein the shaft
housing defines a longitudinal housing groove that is alignable with the longitudinal shaft groove
in the shaft; and

a handle connected to the shaft, wherein the handle defines a longitudinal handle groove
that is in a fixed alignment with the longitudinal shaft groove and alignable with the longitudinal
housing groove in a neutral position of the shaft, to enable placement of the cable within the
longitudinal shaft groove,

wherein rotation of the handle causes corresponding rotation of the shaft within the shaft
housing, and wherein the rotation of the shaft causes corresponding rotation of the probe
mounting structure and the ultrasound probe attached to the probe mounting structure, while the

cable remains in the longitudinal shaft channel.
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